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Synopsis 
 

Inadequate fruit and vegetable consumption is associated with increased chronic 

disease risk and represents a considerable global health burden. As dietary habits 

develop in early childhood and track into adulthood, intervention at an early age may 

have long lasting benefits. As such, the aims of this thesis were: to review the existing 

evidence for the efficacy of interventions to increase the fruit and vegetable 

consumption of preschool children; to identify the characteristics of the home food 

environment that are associated with higher levels of fruit and vegetable consumption 

in preschool children; to develop, pilot and evaluate an intervention to increase the 

consumption of fruit and vegetables among preschool children; and to provide 

recommendations for future research and practice regarding interventions to increase 

the fruit and vegetable consumption of preschool children. 

 

Despite the importance of establishing healthy dietary habits from an early age, there is 

little research investigating the efficacy of interventions aimed at increasing fruit and 

vegetable consumption in children prior to starting school. In accordance with the first 

aim, a systematic review of interventions to increase the fruit and vegetable 

consumption of children aged 0 to 5 years was conducted (Chapter 2). Only five 

randomised controlled trials were identified and the review provided no clear evidence 

in favour of existing intervention approaches.    

 

Chapter 3 addresses the second aim and reports the result of a cross-sectional study 

investigating the relationship between the home food environment and children’s fruit 

and vegetable consumption. Three hundred and ninety six parents of 3 to 5 year-olds 

participated in a telephone survey that included the fruit and vegetable subscale from 

the Children’s Dietary Questionnaire and selected measures of the home food 

environment. It was found that preschool children’s fruit and vegetable consumption 

was positively associated with: parental fruit and vegetable consumption (p=0.005); 

fruit and vegetable availability (p=0.006) and accessibility (p=0.012) within the home; 

the frequency of provision of these foods (p<0.001); and allowing children to only eat at 

set meal and snack times (p=0.006). Such findings strengthen the evidence in support 

of the home food environment as an important setting for fruit and vegetable 

interventions targeting children of this age.  

 



 

 xxv 

The third aim of the thesis is addressed in Chapters 4 and 5. An intervention was 

developed to support parents to make changes within their home food environment, 

focusing on increasing the availability and accessibility of fruit and vegetables, parental 

role-modelling of fruit and vegetable consumption, and establishing supportive family 

food routines. It was designed to be delivered to parents over four 30-minute phone 

calls and accompanying printed resources were also provided. The intervention was 

piloted in a pre-post trial with 34 parents of 3 to 5 year-olds (Chapter 4). Children’s fruit 

and vegetable consumption was assessed using the fruit and vegetable subscale of 

the Children’s Dietary Questionnaire administered via telephone. Following parent 

participation in the intervention, children’s fruit and vegetable scores were significantly 

higher than at baseline (p=0.027). Furthermore, the findings suggested that parents 

actively participated in the intervention tasks and activities and judged aspects of the 

intervention, including the length and number of calls, to be acceptable. Based on the 

pilot findings, a randomised controlled trial was conducted with 394 parents. The 

methods employed in this trial are comprehensively described in the study protocol 

(Chapter 5a) and the 2- and 6-month results of the trial are reported (Chapter 5b). 

Specifically, generalised estimating equation analysis using all available data found 

that fruit and vegetable scores of the children in the intervention group were 

significantly higher than the control group at 2- (p<0.001) and 6-months (p=0.021).  

 

The thesis concludes with reflections on the implications of the thesis findings for 

research and practice (Chapter 6). It is suggested that, pending results of longer-term 

follow-up, an intervention targeting characteristics of the home-food environment and 

delivered by telephone may be an effective way of supporting parents to increase the 

fruit and vegetable intake of their preschool children, thus representing an important 

contribution to public health nutrition.  
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Fruit and Vegetable Consumption 
The Global Nutrition Context 

Over the past 50 years industrialisation, urbanisation and globalisation have brought 

about major changes to the ways that food is produced, processed, distributed, 

marketed and consumed [1-3]. The high availability and low cost of animal fats, 

vegetable oils and sugars has contributed to the ‘Westernisation’ of diets around the 

world [2]. Globally, diets have increased in energy density, fat and sugar intake, and 

decreased with respect to fibre, fruit and vegetable content [4]. This thesis has been 

written in response to the low levels of fruit and vegetable consumption within Australia 

and internationally, and the need for public health solutions to address this issue of 

concern. 

 

Chapter Purpose and Structure 

This introductory chapter aims to provide an overview of how fruit and vegetable 

consumption contributes to the health of the population. This chapter outlines the 

minimum levels of fruit and vegetable consumption recommended for good health and 

describes the high prevalence of ‘inadequate’ fruit and vegetable consumption 

internationally and within Australia. The health benefits of fruit and vegetable intake are 

then discussed, as well as the burden of disease attributable to inadequate fruit and 

vegetable consumption. The remainder of the chapter presents evidence in support of 

early intervention, focusing specifically on young children. The chapter concludes with 

the aims of this thesis and introduces the papers that form the basis of this thesis-by-

publication.  

 

Definitions of Fruits and Vegetables 

‘Fruits’ are generally considered to consist of the sweet, edible flesh that surrounds the 

seeds of flowering plants [5]. The term ‘vegetable’ refers to a range of plant parts from 

a variety of plant types. Vegetables can include leafy green vegetables (e.g. spinach, 

lettuce), root and tuber vegetables (e.g. carrots, potatoes), edible plant stems (e.g. 

celery, asparagus), members of the crucifer family of plants (e.g. broccoli, cabbages), 

gourd vegetables, (e.g. pumpkin, cucumber) and allium vegetables (e.g. onion, garlic) 

[5]. Fruits and vegetables can be classified based on their botanical definition or their 

common usage (also known as ‘culinary’ or ‘dietetic’ usage) [6]. This thesis, as with 

most intervention and epidemiological research into fruit and vegetable consumption 

[6], adopts the common usage. For example, despite being botanically classified as 

fruits, tomatoes, avocados, eggplants and zucchinis will be considered as vegetables 

[6]. Although beans and peas are botanically classified as legumes, they will similarly 
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be considered as vegetables [6]. Furthermore, the classification of fruits and 

vegetables also varies between the dietary guidelines of different countries and regions 

[7]. Many guidelines exclude starchy vegetables (such as potatoes or sweet potatoes), 

as they are thought not to confer the same health benefits as other vegetables [5]. The 

recommendations of the World Health Organization (WHO) specifically exclude tubers 

[8] whereas the guidelines of many countries including Australia include potatoes [9]. 

The tool that is used to assess children’s fruit and vegetable consumption in Chapters 

3, 4 and 5 of this thesis includes potatoes and sweet potatoes as vegetables, with the 

exception of hot chips [10].  

 

Fruit and Vegetable Dietary Guidelines: What is Adequate Consumption?  

International Guidelines for Adults 

The WHO recommends that to maintain health and reduce the risk of chronic disease, 

adults should consume a minimum of 400 grams per day of fruit and vegetables 

(excluding potatoes) [11]. This is frequently interpreted to be five serves of 

approximately 80 grams per day [8]. The World Cancer Research Fund also 

recommends that individuals consume a minimum of 400 grams of fruit and vegetables 

daily [12] as does The British Nutrition Foundation [13]. New Zealand Food and 

Nutrition Guidelines recommend the consumption of at least five servings per day 

consisting of at least three vegetable servings and at least two fruit servings [14]. The 

2010 American Dietary Guidelines recommend consuming a variety of vegetables, 

especially dark green, red and orange vegetables, and beans and peas but provide no 

specific recommendation regarding a minimum quantity of fruit and vegetables that 

should be consumed [15]. The United States Department of Agriculture (USDA) Food 

Patterns and the Dietary Approaches to Stop Hypertension (DASH) Eating Plans, 

however, recommend daily consumption of 2.5 and 2.1 cups of vegetables, and 2.0 

and 2.5 cups of fruit respectively [15]. 

 

International Guidelines for Children 

Currently there is no international consensus regarding a minimum level of fruit and 

vegetable consumption to ensure the healthy growth and development of children. 

Many countries have developed their own national dietary guidelines for children, 

however, there is substantial variation between countries regarding specific 

recommendations [7]. Belgian guidelines for children aged 6 years and older 

recommend 1 to 3 portions of fruit (excluding juice) and 300 grams of vegetables 

(excluding potatoes); Swedish guidelines for children up to 10 years recommend 400 

grams of fruit and vegetable consumption daily (excluding potatoes and including a 
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maximum of 100 grams of fruit juice); and Austrian guidelines for 10 to 12 year-olds are 

250 grams of fruit and 250 grams of vegetables (excluding potatoes) eaten over five 

occasions daily [7]. North American recommendations specify the proportion of the 

child’s diet that should be comprised of fruit and vegetables, and advise that half of a 

child’s plate at mealtimes be taken by fruits and vegetables [16]. Guidelines in the 

United Kingdom recommend that children consume five servings of fruits and 

vegetables daily [17]. 

 

Australian Guidelines for Adults 

Australian recommendations for fruit and vegetable consumption are based on two key 

documents. ‘The Dietary Guidelines for Australian Adults’ provide a general 

recommendation that Australians should eat plenty of vegetables and fruit [5], while 

‘The Australian Guide to Healthy Eating’ quantifies the amount of fruit and vegetables 

that it is recommended to consume daily [9]. It is recommended that Australian adults 

consume between two and four serves of fruit per day, where a serve is equivalent to: 

one medium-sized piece (e.g. apple, banana); two small-sized pieces (e.g. apricots, 

plums); one cup of diced pieces or canned fruit; half a cup of fruit juice; or four dried 

apricot halves or one and a half tablespoons of sultanas [9]. Between five and eight 

serves of vegetables and legumes are recommended each day where a serve is 

equivalent to: half a cup of cooked vegetables; half a cup of cooked dried peas, beans 

or lentils; one cup of salad vegetables; or one potato [9].  

 

Australian Guidelines for Children 

‘The Australian Guide to Healthy Eating’ recommends children aged 4 to 11 years 

consume one serve of fruit and two to three serves of vegetables daily [9]. Although at 

the time of thesis submission, Australian guidelines for children aged 2 for 3 years had 

not been published, the reports of previous national nutrition surveys applied the 

minimum guidelines for 4 to 7 year-olds (one serve of fruit and two serves of 

vegetables) to younger children [18, 19], and this pragmatic approach has also been 

adopted in this thesis.  

 

Prevalence of Inadequate Fruit and Vegetable Consumption 

Internationally 

Fruit and vegetable consumption varies from region to region, reflecting differences in 

the economic, agricultural and cultural environments [20]. Worldwide only a very small 

proportion of the world’s population consumes fruit and vegetables at or above the 

recommended level [1]. Average consumption in most of the world’s regions is below 
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the WHO recommendation (400 grams/day) with South American, South African, 

Eastern European and South-East Asian nations reporting the lowest levels of 

consumption [21]. However, inadequate consumption is not restricted to developing 

countries with seven European Union Member States with mean fruit and vegetable 

consumption at less than 70% of the recommended WHO minimum (<275 grams per 

day) [22]. This trend is also seen among children. Assessment of over 15,000 11-year-

olds across nine European countries found that fruit and vegetable consumption 

ranged from 143 to 265 grams per day, and was well below the dietary guidelines of 

each surveyed country [7]. Among both adults and children in developed countries, 

consumption of fruit and vegetables is typically higher among females [7, 23, 24] and 

those more socio-economically advantaged [23-25]. 

 

Australia 

Results from the 1995 National Nutrition Survey indicated that 89% of Australian adults 

were not meeting the recommendations for both fruit and vegetable consumption, with 

68% not eating enough fruit and 70% not eating enough vegetables [26]. Similarly, the 

2007 Australian National Children’s Nutrition and Physical Activity survey indicated that 

49% and 86% of children aged 9 to 13 years were not meeting the recommendations 

for fruit (excluding juice) and vegetables respectively [18]. Similar to international 

trends, intake of fruit and vegetables are typically higher in women compared to men 

[26, 27], girls compared to boys (vegetables only) [19], and those from higher relative 

to lower socio-economic backgrounds [27, 28].  

 

Fruit and Vegetable Consumption and Chronic Disease 
Fruit and Vegetable Consumption Promotes Good Health 

A balanced diet which includes adequate amounts of fruit and vegetables is known to 

be important for good health [20]. Fruits and vegetables are low energy-dense sources 

of vitamins and minerals [29, 30] and their high fibre content maintains bowel and 

digestive health [31], protects against constipation [32, 33], and is thought to play a role 

in stabilising glucose levels [34]. Fruit and vegetables are low in fat, salt and sugar, and 

can help to lower blood pressure [35] and cholesterol levels [36] and, in combination 

with an active lifestyle, can help maintain a healthy weight [30]. A diet high in fruit and 

vegetables is especially important for children as they grow and can help the 

development of strong teeth [37] and bones [38], and can improve sleeping patterns 

[39]. 
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Fruit and Vegetable Consumption Protects Against Disease 

Consumption of an adequate volume and variety of fruits and vegetables can also 

reduce the risk of disease [40, 41]. Inadequate consumption of fruit and vegetables is 

estimated to be responsible for 1.8% of the global burden of disease [21]. This 

compares to 1.3% attributable to inadequate physical activity, 2.3% due to overweight 

and obesity and 4.1% due to tobacco [21]. Approximately 2.6 million deaths per year 

worldwide are attributable to inadequate fruit and vegetable consumption [21]. In the 

European Union alone, over 26,000 deaths per year could be prevented annually 

among those aged under 65 years if population fruit and vegetable intake increased to 

the recommended levels [22]. In Australia, inadequate fruit and vegetable consumption 

is estimated to be responsible for over 4,500 deaths annually (3.5% of total deaths) 

[42] and data from New Zealand suggest that inadequate fruit and vegetable intake 

contributes to over 1,500 deaths per year (6% of total deaths) [43].  

 

Worldwide, low fruit and vegetable consumption is responsible for over 26 million 

Disability Adjusted Life Years (DALYs) per year [44]. The DALYs that are attributable to 

low fruit and vegetable consumption are highest in middle-income European countries 

and in South-East Asia [20]. In South Africa, low fruit and vegetable consumption 

accounts for almost 177,000 DALYs per year (1.1% of the total) [45]. In Australia, low 

fruit and vegetable consumption is estimated to be responsible for over 55,000 DALYs 

per year (2.1% of the total), which is a greater health burden than that attributable to 

illicit drugs, occupational exposures and hazards, or air pollution [42]. 

 

Much of the premature mortality and morbidity associated with low fruit and vegetable 

consumption is due to the increased risk of chronic disease. Evidence is presented 

below linking low fruit and vegetable consumption to a selected range of chronic 

diseases including cancers, cardiovascular disease and Chronic Obstructive 

Pulmonary Disease (COPD). The burden of these conditions that is attributable to 

inadequate fruit and vegetable consumption is also described.  

 

Cancer  

A substantial body of research has accumulated examining the relationship between 

fruit and vegetable consumption and cancer risk. Such research indicates that these 

foods protect against the development of certain types of cancers. However, the 

strength of the relationship is difficult to determine as many of the earlier investigations 

failed to control for potentially confounding lifestyle factors such as alcohol and tobacco 

use [46], and the synthesis of findings relied heavily on evidence from case-control 
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studies which may be adversely affected by recall and selection biases [47], and which 

may over-estimate the strength of the association [46].  

 

In 1997, The World Cancer Research Fund (WCRF) together with the American 

Institute for Cancer Research commissioned a series of independent systematic 

reviews from academic institutions across the United States, the United Kingdom and 

Europe into the links between dietary intake and cancer [12]. The resulting report 

‘Food, Nutrition and the Prevention of Cancer: a global perspective’ has been 

acknowledged as the most authoritative report in the field [12]. An updated report was 

published in 2007 and included the large volume of literature that emerged from the 

mid 1990s and addressed many of the methodological criticisms of the earlier report. In 

Table 1.1 and Table 1.2 below, the findings of the updated report are presented by 

type of cancer and by fruit and vegetable consumption separately. The report classifies 

the evidence as ‘convincing’, ‘probable’, ‘limited - suggestive’, or ‘limited - 

inconclusive’1 based on the type, number, methodology and size of included studies 

[12]. Tables 1.1 and 1.2 only include those cancers for which the evidence is at least 

‘suggestive’ of a relationship with either fruit or vegetable consumption. Other cancers 

that were investigated as part of the World Cancer Research Fund report but that are 

not summarised below include cancers of the gallbladder, breast, cervix, prostate, 

kidney, bladder and skin [12]. 

                                                

1 A judgement of ‘convincing’ generally required all of the following; evidence from more than one study 
type and at least two independent cohort studies of good quality, with no substantial unexplained 
heterogeneity, the presence of a ‘dose response’, and strong and plausible experimental evidence. 
  
A judgement of ‘probable’ generally required all of the following; evidence from at least two independent 
cohort studies, or at least five case-controlled studies of good quality, with no substantial unexplained 
heterogeneity, and evidence for biological plausibility.  
 
A judgement of ‘limited - suggestive’ reflected that the evidence shows a generally consistent direction of 
effect, but is insufficient to permit a probable or convincing judgement, due to either the limited amount of 
evidence or methodological flaws. All the following were generally required; evidence from at least two 
independent cohort studies or at least five case-controlled studies with direction of effect generally 
consistent, and evidence for biological plausibility.  
 
A judgement of ‘limited - no conclusion’ reflected that the evidence is so limited that no firm conclusion can 
be made. For example, the evidence might be limited by the number of studies available, by the 
inconsistency of direction of effect, or by poor study quality. 
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Table 1.1: Evidence from WCRF for the association between fruit consumption and cancer type 

CANCER TYPE TYPE AND VOLUME OF EVIDENCE 
RELATIONSHIP STRENGTH 

(BASED ON META-ANALYSIS) 
WCRF CONCLUSION 

Oesophagus • 4 cohort, 36 case-control, 7 ecological studies 

• All cohort and most other studies found a protective 

effect 

• Per increase of 50g/day: 

- 22% reduced risk 

- 30% reduced risk (for citrus fruits) 

(case-control studies) 

Probable 

Lung • 25 cohort, 32 case-control, 7 ecological studies 

• Most studies showed decreased risk 

• Per increase of 80g/day: 

- 6% reduced risk (cohort studies) 

- 20% reduced risk (case-control studies) 

Probable 

Stomach • 16 cohort, 51 case-control, 23 ecological studies 

• Most showed decreased risk, but there was 

substantial heterogeneity and cohort studies 

suggested non-significant decreased risk 

• Per increase of 50g/day 

- 17% reduced risk (case-control studies) 

Probable 

Mouth/Pharynx/Larynx • 1 cohort, 35 case-control, 2 ecological studies 

• Most studies showed decreased risk 

• Per increase of 100g/day  

- 18% reduced risk  

- 24% reduced risk (for citrus fruits) 

(case-control studies) 

Probable 

Pancreas • 6 cohort, 16 case-control, 8 ecological studies 

• All cohort and most other studies showed decreased 

risk 

• Non-significant decrease (cohort studies) 

• Significantly decreased risk (case-control 

studies) 

Limited - suggestive 

Liver • 1 cohort, 5 case-control studies 

• Cohort and most other studies showed decreased risk 

• No meta-analysis results presented Limited - suggestive 
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CANCER TYPE TYPE AND VOLUME OF EVIDENCE 
RELATIONSHIP STRENGTH 

(BASED ON META-ANALYSIS) 
WCRF CONCLUSION 

Colo-rectum • 20 cohorts, 57 case-control studies 

• more than half showed decreased risk (cohort studies) 

• Meta-analysis showed no association, but 

stratification by sex showed a statistically 

significantly decreased risk for women 

Limited - suggestive 

Nasopharynx • 6 case-control studies, most showed decreased risk 

• 5 case-control studies specific to citrus fruits – all 

showed decreased risk 

 No meta-analysis results presented Limited - suggestive 

 

 

Table 1.2: Evidence from WCRF for the association between vegetable consumption and cancer type 

CANCER TYPE TYPE AND VOLUME OF EVIDENCE 
RELATIONSHIP STRENGTH 

(BASED ON META-ANALYSIS) 
WCRF CONCLUSION 

Oesophagus • 5 cohort, 37 case-control, 6 ecological studies 

• All studies with raw vegetables and most other studies 

showed decreased risk  

• Per increase of 50g/day: 

- 31% reduced risk (case-control studies) 

Probable 

Lung • 17 cohort, 27 case-control, 6 ecological studies  

• Most studies showed decreased risk with increased 

intake  

• Non-significant decrease (cohort studies) Limited – suggestive 

Stomach • 10 cohort, 45 case-control studies, 19 ecological 

studies 

• Most showed decreased risk, but cohort studies were 

less consistent than case-control 

• Per increase of 50g/day: 

-19 reduced risk (green-yellow vegetables) 

(cohort studies) 

-15% reduced risk (all vegetables) 

-21% - green-yellow risk 

Probable 
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CANCER TYPE TYPE AND VOLUME OF EVIDENCE 
RELATIONSHIP STRENGTH 

(BASED ON META-ANALYSIS) 
WCRF CONCLUSION 

-57% - green leafy vegetables 

-30% - tomatoes 

-25% - raw vegetables 

(case-control studies) 

Colorectum • 17 cohort, 71 case-control studies • Meta-analysis showed no association (cohort 

studies) 

Limited – suggestive 

Ovary • 5 cohort, 8 case-control, 2 ecological studies 

• All showed decreased risk  

• Meta-analysis showed statistically significant 

decreased risk (cohort studies), but a 

previous pooled analysis of 12 cohort studies 

showed a non-significant decreased risk 

Limited – suggestive 

Endometrium • 10 case-control studies 

• Most showed decreased risk 

• Meta-analysis showed decreased risk (case-

control data) 

Limited – suggestive 

Mouth/Pharynx/Larynx • 31 case-control, 3 ecological studies  

• Most studies showed decreased risk 

• Per increase of 50g/day: 

- 28% reduced risk 

Probable 

Nasopharynx • 5 case-control, 2 ecological studies 

• Nearly all studies showed decreased risk 

• No meta-analysis results presented  Limited - suggestive 

Vegetables in the WCRF report refers to ‘non-starchy’ vegetables



CHAPTER 1: Overview of Fruit and Vegetable Consumption 

11 
 

The World Cancer Research Fund concluded that there was probable evidence that 

fruit consumption protected against oesophageal, lung, stomach, and mouth / 

pharyngeal / laryngeal cancers, and that there was limited, although suggestive 

evidence of a protective effect against pancreatic, liver, colorectal, and nasopharyngeal 

cancers (WRCF). Similarly, it was concluded that vegetable consumption was probably 

protective against oesophageal, stomach, and mouth / pharyngeal / laryngeal cancers, 

and limited evidence suggested a protective effect of vegetable consumption against 

cancers of the lung, colon / rectum, ovary, endometrium and nasopharynx [12].  

 

The Burden of Cancers Attributable to Low Fruit and Vegetable Consumption 

If population level consumption were to rise to 600 grams per day, the worldwide 

burden of stomach and oesophageal cancers would be reduced by 19% and 20%, and 

the burden of lung and colorectal cancers would be reduced by 12% and 2% [21]. 

Australian data suggest that 2% of all cancers are attributable to low consumption of 

fruit and vegetables [42]. The health care cost of the cancer burden associated with 

low fruit and vegetable consumption is substantial with health costs from four of the five 

most common cancers (excluding melanoma) estimated to be $58.8 million per year 

[48]. Increasing population level consumption could translate into significant cost 

savings with a one-serve increase in vegetable consumption decreasing the costs of 

these four cancers by $24.4 million per year [48].  

 

Coronary Heart Disease 

Two large meta-analyses have found evidence of an inverse association between fruit 

and vegetable consumption and coronary heart disease risk [49, 50]. A meta-analysis 

of nine cohort studies consisting of over 200,000 individuals and over 5,000 coronary 

heart disease events found that each additional serve of fruit or vegetables per day 

decreased the risk of disease by 4% [49]. An analysis of 13 cohorts involving over 

270,000 individuals and over 9,000 coronary heart disease events found that, 

compared to individuals consuming less than three fruit and vegetable serves per day, 

there was a 17% reduction in disease risk among those consuming more than five 

serves per day [50].  

 

The Burden of Coronary Heart Disease Attributable to Low Fruit and Vegetable 
Consumption 

Worldwide, heart disease attributable to low fruit and vegetable consumption is 

responsible for approximately 1.8 millions deaths per year [21]. In Australia, it is 

responsible for approximately 3,200 deaths (representing 2.4% of total deaths), and 
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causes significant disability, with almost 38,000 DALYs (1.4% of the total) attributable 

to this cause [42]. International estimates suggest that increasing fruit and vegetable 

intake by one serve daily would reduce the risk of coronary heart disease by 

approximately 10% [21], and that increasing fruit and vegetable consumption to 600 

grams per day would reduce the worldwide burden of coronary heart disease by 31% 

[21]. No estimate of costs specifically attributable to fruit and vegetable related 

coronary heart disease could be located. 

 

Stroke 

High fruit and vegetable consumption appears to have a strong protective effect 

against stroke. A meta-analysis of data from two cohort studies (The Nurses’ Health 

Study and The Health Professionals’ Follow-up Study) analysed data from over 75,000 

women and 38,000 men over 14 and 8 years respectively [51]. The analysis controlled 

for standard cardiovascular risk factors and found that consumption of an additional 

daily serve of fruit or vegetables was found to reduce the risk of ischemic stroke by 6% 

[51]. A subsequent meta-analysis combined data from nine independent cohorts 

consisting of over 250,000 individuals experiencing almost 5,000 stroke events over an 

average of 13 years [52]. Compared to those consuming less than 3 daily serves of 

fruit and vegetables, consumption of between 3 and 5 serves reduced the risk of stroke 

by 11%, and consumption of more than 5 serves was associated with a 26% reduced 

risk [52]. Green leafy vegetables, cruciferous vegetables and citrus fruits appear to 

contribute the most to protection against stroke [51].  

 

The Burden of Stroke Attributable to Low Fruit and Vegetable Consumption 

Stroke attributable to low fruit and vegetable consumption kills 474,000 people 

worldwide each year [21]. In Australia, low fruit and vegetable consumption is 

responsible for over 7,300 DALYs per year [42]. Increasing fruit and vegetable 

consumption to 600 grams per day is estimated to reduce worldwide stroke burden by 

19% [21]. Estimates of the costs of stroke attributable to low fruit and vegetable 

consumption are not reported separately from the total attributable cardiovascular 

costs.  

 

Chronic Obstructive Pulmonary Disease (COPD) 

COPD refers to the range of diseases affecting the airways of the respiratory tract [40] 

and includes emphysema, chronic bronchitis and asthma [53]. Evidence is 

accumulating of an inverse association between fruit and vegetable consumption and 
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COPD risk with a review of five studies finding that high fruit and vegetable 

consumption may enhance lung function and reduce the COPD risk [40].  

 

The Burden of COPD Attributable to Low Fruit and Vegetable Consumption 

No estimates of the COPD burden specifically attributable to low fruit and vegetable 

consumption could be located and similarly, no estimates of the financial cost of COPD 

attributable to low fruit and vegetable consumption could be found.  

 

Type 2 Diabetes 

It appears as though a protective effect against type 2 diabetes may be specific only to 

certain types of fruit and vegetables [54]. Two meta-analyses of cohort studies of over 

167,000 and 223,000 individuals found no significant association with diabetes risk [54, 

55]. However, an analysis of four cohort studies that specifically reported participants’ 

intake of leafy green vegetables found that each study demonstrated a decreased 

diabetes risk at higher consumption levels [55]. Further research is needed to 

determine which fruits and vegetable have a protective effect and to determine the 

strength of such a relationship.  

 

The Burden of Type 2 Diabetes Attributable to Low Fruit and Vegetable 
Consumption 

Following a dramatic increase over the past two decades, current estimates of the 

international and Australian prevalence of type 2 diabetes are 6.4% and 3.8% 

respectively [56, 57]. As further evidence regarding the nature of the association with 

fruit and vegetable consumption is needed, no estimates could be identified of the 

burden of type 2 diabetes specifically attributable to low fruit and vegetable 

consumption. However, based on the analysis of studies specifically investigating the 

consumption of leafy green vegetables, it appears that an increase in consumption of 

such foods by approximately 120 grams per day could result in a 14% reduction in the 

incidence of type 2 diabetes [55]. No measures of the fruit and vegetable specific 

burden of disease, or associated costs could be found. 

 

Obesity 

A review of studies published from 1966 to 2003 found that despite a tendency for 

higher body mass index (BMI) and lower fruit and vegetable intake to occur together in 

adults, there was insufficient evidence of an association between fruit and vegetable 

intake and weight [58]. Newby and colleagues reviewed three cohort studies, all of 

which showed no association between fruit and vegetable consumption and obesity, 
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and ten cross-sectional studies, most of which also failed to show an association [59]. 

Ledoux and colleagues subsequently reviewed twelve intervention studies (one 

involving children) and eleven longitudinal studies (four involving children) published 

from 1980 to 2009 that tested the association between fruit and vegetable intake and 

adiposity [60]. They concluded that there was a weak relationship with weight-loss in 

overweight adults but that the association in children remained unclear [60]. A review 

of how fruit and vegetable consumption affects satiety, food intake, and body weight 

found some evidence that fruit and vegetable consumption may displace the 

consumption of high energy density foods and hence may lead to weight loss, with 

evidence supporting two hypothesised mechanisms of weight maintenance [30]. First, 

the low-density, high-water and high-fibre content of fruit and vegetables may promote 

satiety (i.e. a state of non-hunger) [30]. Second, fruit and vegetable consumption may 

effect satiation (i.e. the process that ends an eating episode) as evidence suggests a 

decrease in the energy density of foods consumed is associated with a spontaneous 

decrease in energy intake [30]. The review authors concluded that fruit and vegetables 

play an important role in weight management [30].  

 

The Burden of Obesity Attributable to Low Fruit and Vegetable Consumption 

Estimates of the burden of obesity that is specifically attributable to low fruit and 

vegetable consumption could not be located, nor could an estimate of the financial 

costs of obesity attributable to low fruit and vegetable consumption, most likely 

because evidence of this association is still accumulating and is yet to be established.  

 

Review of Chronic Diseases 

There is, therefore, substantial evidence supporting an association between higher fruit 

and vegetable consumption and lower risk of developing chronic diseases, especially 

certain types of cancer and cardiovascular diseases [40]. Furthermore, in addition to 

the diseases reviewed above, evidence is accumulating of an association between 

consumption of these foods and obesity and type 2 diabetes. The chronic diseases for 

which evidence of an association with fruit and vegetable consumption is strongest are 

also among the diseases responsible for the highest mortality, morbidity and costs to 

the healthcare system [61, 62].  

 

The Case for Addressing Fruit and Vegetable 
Consumption in Early Childhood 
Given the high prevalence of inadequate fruit and vegetable consumption across all 

ages [21], initiatives to increase consumption are required across the lifespan. 
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Interventions targeting preschool-aged children (those aged 3 to 5 years [63]), 

however, may have particular merit given: the high prevalence of inadequate fruit and 

vegetable consumption among children of this age; the protective effect of childhood 

fruit and vegetable consumption against future chronic diseases; that preschool years 

represent a developmentally appropriate period for intervention; the importance of the 

preschool years in establishing food preferences; and evidence suggesting that the 

dietary habits of childhood persist into adulthood. Evidence in support of this rationale 

is described below.  

 

High Prevalence of Inadequate Fruit and Vegetable Consumption 

Evidence from epidemiological surveys indicates that inadequate fruit and vegetable 

consumption is common among young children. The United States National Health and 

Nutrition Examination Survey (1999-2000) indicated that 52% of children aged 2 to 3 

years were not meeting the recommended guidelines for fruit and vegetable 

consumption [64]. Similarly, the more recent Feeding Infants and Toddlers Study 

(FITS), involving over 3,000 American infants and toddlers, found that up to one third 

consumed no vegetables or fruit, and among 15 to 18 month-olds, the most common 

‘vegetable’ consumed was French Fries [65]. Findings from the United Kingdom are 

similar with the National Diet and Nutrition Survey reporting that the variety and 

quantity of fruit and vegetables consumed by preschool children were very limited. For 

example, the vegetable consumed in the greatest quantity was baked beans and less 

than 24% of children surveyed consumed raw vegetables and salads [66]. The 2007 

Australian National Children’s Nutrition and Physical Activity Survey indicated that 32% 

of Australian 2 to 3 year-olds consumed inadequate quantities of fruit (excluding juice), 

and 86% consumed inadequate quantities of vegetables [18]. The consistency with 

which such population surveys have demonstrated inadequate fruit and vegetable 

intake among children in early childhood and the high prevalence of this problem in 

developing nations including Australia provides a convincing basis regarding the need 

for interventions to increase fruit and vegetable consumption among children of this 

age. 

 

Protection Against Future Chronic Disease 

Beyond imparting immediate health benefits to the child [37], evidence from 

longitudinal studies suggests that higher fruit and vegetable consumption in childhood 

may be protective against future chronic disease, with the fruit and vegetable 

consumption patterns originating in childhood influencing the risk of some cancers and 

cardiovascular diseases among adults [67, 68]. The strongest evidence for this 
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relationship comes from the Boyd Orr cohort, which consisted of 4,999 British and 

Scottish children (aged 0 to 19 years, with a mean age of 8 years) who completed a 

one-week diet inventory between the years of 1937 and 1939 [67]. Follow-up 

information was obtained through tracing participants through the National Health 

Service central register, death certificates, and cancer registries. One study using this 

dataset reported all-cause mortality and deaths attributed to cardiovascular disease as 

recorded up until the year 2000, with the average length of follow-up being 37 years 

[67]. The study found that higher consumption of vegetables in childhood was 

associated with a lower risk of stroke in adulthood [67]. A related study with over 60 

years of follow-up data from over 3,800 participants found that higher fruit consumption 

in childhood was associated with a lower risk of cancer in adulthood [68]. Collectively, 

these studies suggest that childhood fruit and vegetable consumption may have a long-

term protective effect on premature death due to chronic diseases such as cancer and 

stroke. 

 

A Developmentally Appropriate Period for Intervention 

In the first five years of life, children learn more about food and eating than in any other 

developmental period [69]. During early childhood a basic knowledge of food develops 

and children establish an understanding of behavioural norms regarding eating and 

meal routines [70]. Children of preschool age are responsive to opportunities for social 

learning and are imitative of the dietary behaviours and eating habits that they observe 

[71]. Intervention at an earlier developmental stage may be more successful than at 

later stages as dietary behaviours and habits that are forming are more amenable to 

change than the ingrained habits of late childhood or adulthood [72]. This sensitive 

developmental period therefore represents an opportune time for intervention to 

establish healthy dietary behaviours [69].  

 

The Establishment of Dietary Preferences  

The preschool years are often characterised by neophobia or the tendency to reject 

novel foods [73]. Neophobic reactions of children toward vegetables are particularly 

common in early childhood [74]. For example, a study of 129 children found that 

vegetables comprised 46% of the foods that parents reported their children would not 

consume [75]. Neophobic behaviours represent a significant impediment to the 

establishment of a healthy and varied child diet [76] and can strengthen with age 

throughout childhood [73, 77, 78]. Encouragingly, neophobia can be reduced through 

early intervention such as repeated child exposure to disliked or novel foods [79]. Such 
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intervention in early childhood is important to avert the potential adverse consequences 

on child diet with respect to the aversion of vegetable and fruit consumption.    

 

The Persistence of Childhood Dietary Habits 

The eating habits established in early childhood serve as the foundation for future 

eating patterns [80]. For example, exposure to fruit in the first two years of life is 

associated with consumption of a wider variety of fruits at the time when the child starts 

school [81]. Results from longitudinal studies suggest that the dietary habits formed at 

a young age are maintained over time. A British study found that the dietary patterns 

(categorised as ‘junk’, ‘traditional’, or ‘healthy’) of children at age four were still present 

at age seven [82]. This finding was supported by evidence from the Framingham 

Children’s Study which measured children’s intake of ten nutrients, beginning when 

they were 3 to 4 years and following them up at multiple points over a 6-year period 

[83]. For all nutrients, among the children in the highest intake quintile at baseline, 40-

67% remained in the top quintile and 60-93% were positioned in the top two quintiles at 

7 to 8 years, suggesting that tracking of nutrient intake may begin as early as 3 or 4 

years of age [83]. The Cardiovascular Risk in Young Finns Study was a prospective 

cohort study that followed up children as young as 3 years old for a period of 21 years. 

It was found that childhood dietary patterns were significant predictors of adult diet 

after 21 years, suggesting the eating habits established in childhood are maintained 

into adulthood [84]. As such, nutrition intervention in early childhood has the potential 

to also affect the dietary habits of adulthood. 

 

The Importance of the Home Food Environment:  

The most effective way of delivering nutritional interventions to improve the dietary 

patterns of young children remains unclear. One approach is to consider key settings 

that are influential in the developmental process. In the case of young children, the 

childcare setting, family/community service settings, and the home represent 

environments in which young children spend time, and in which they could be exposed 

to intervention strategies. Evidence suggests that the home environment is likely to be 

influential with systematic reviews finding a relationship between child dietary intake 

and; parent intake [85-87]; the availability and accessibility of foods within the home 

[85-87]; as well as family routines and rules regarding eating [85, 86]. Furthermore, 

exposure to interventions delivered in the home have greater potential for high levels of 

exposure given this is the setting where children most of their time and where they 

consume most of their food [88].  
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The Context of this Thesis 
At the time of writing this thesis, increasing child fruit and vegetable consumption was 

recognised as a priority of public health nutrition nationally and internationally [29, 89]. 

The need for action is reflected in the health priorities set by developed countries 

including the United States, United Kingdom and Australia. In the United States, for 

example, the Healthy People 2020 framework guides the nation’s health promotion and 

disease prevention strategies [90], and its objectives for individuals over the age of 2 

years include: to increase fruit consumption to the level of 0.9 cup (or equivalent) per 

1,000 calories consumed; and to increase vegetable consumption to the level of 1.1 

cups (or equivalent) per 1,000 calories consumed [91]. Similarly, children in the United 

Kingdom are encouraged via national campaigns to consume ‘5 a day’ [17]. To 

facilitate such improvements in public health nutrition, governments of these countries 

have implemented a range of health promotion, social marketing and educational 

initiatives [92-94]. 

 

In Australia, both state and federal initiatives are being developed and actioned to 

encourage children to increase their fruit and vegetable intake. The most significant 

initiatives pertain to The National Preventative Health Strategy. This Strategy identifies 

the national preventative health care priorities for the next decade and describes how 

they should be addressed through the collaborative efforts of a range of national, state 

and local agencies and partners [95]. The Strategy, introduced in 2009, includes 

targets to increase the proportion of children meeting Australian Dietary Guidelines by 

15% within six years [95]. In response to this strategy, Australian states and territories 

have set targets and are currently developing and implementing strategies to increase 

child fruit and vegetable intake [96, 97]. 

 

Thesis Aims 
This thesis has been undertaken in the context of such public health concern and calls 

to action to address child fruit and vegetable intake. The research reported in this 

thesis therefore represents a timely contribution to the evidence base. This thesis 

sought to review the evidence for interventions, to investigate factors associated with 

higher childhood fruit and vegetable intake, and to design and rigorously evaluate an 

intervention program in order to provide practice-relevant information to policy makers 

and practitioners tasked with implementing initiatives to increase fruit and vegetable 

intake among children in the community. 
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The aims of this thesis are as follows: 

• To review the existing evidence for the efficacy of interventions to increase the 

fruit and vegetable consumption of preschool children, 

• To identify the characteristics of the home food environment that are associated 

with higher levels of fruit and vegetable consumption in preschool children, 

• To develop, pilot and evaluate an intervention to increase the consumption of 

fruit and vegetables among preschool children, and 

• To provide recommendations for future research and practice regarding 

interventions to increase the fruit and vegetable consumption of preschool 

children. 

 

Thesis Structure 

This thesis takes the form of a series of papers that have been published or submitted 

for publication, and conforms to the University of Newcastle rules regarding thesis 

submission by publication. Following this introductory chapter, this thesis presents a 

series of papers that address the thesis aims.  

 

Chapter 2:  

A systematic review investigating interventions for increasing fruit and vegetable 

consumption in children aged 0 to 5 years. 

 

Chapter 3:  

A cross-sectional study investigating the associations between characteristics of the 

home food environment and preschool children’s fruit and vegetable consumption. 

 

Chapter 4:  

A pre-post pilot study of an intervention to increase fruit and vegetable consumption in 

preschool children. 

 

Chapter 5:  

A detailed protocol outlining the methods of the randomised controlled trial and a paper 

describing the 2- and 6-month trial outcomes. 

 

Chapter 6: 

A review and synthesis of the findings of the above papers, plus a discussion of the 

implications for practice and suggested directions for future research.
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CHAPTER TWO:  
 

Systematic review of interventions for increasing 
fruit and vegetable consumption in children aged 

up to 5 years 
 

 

 

 

 

 

 

 

 

This chapter is based on a published review protocol and a systematic review 

submitted for publication:  

 

Wolfenden L, Wyse RJ, Britton BI, Campbell KJ, Hodder RK, Stacey FG, McElduff P, 

James EL. Interventions for increasing fruit and vegetable consumption in 

preschool aged children (Protocol). Cochrane Database of Systematic Reviews 

2010, Issue 6. 

 

Wolfenden L, Wyse RJ, Britton BI, Campbell KJ, Hodder RK, Stacey FG, McElduff P, 

James EL. Interventions for increasing fruit and vegetable consumption in 

children aged 5 years and under. Cochrane Database of Systematic Reviews 2012, 

Issue 11.
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Background   
Description of the Condition   

Insufficient consumption of fruits and vegetables is associated with micronutrient 

deficiencies and a range of chronic diseases such as cancer and cardiovascular 

disease [1]. Globally, 1.8% of the total burden of disease, and over 2.6 million deaths 

each year are attributable to inadequate fruit and vegetable intake [2]. Consumption of 

at least 400 grams per day of fruit and vegetables is recommended to reduce the risk 

of chronic diseases [3]. Nationally representative surveys, however, indicate that 

throughout most regions of the globe, daily consumption of fruits and vegetables is well 

below such recommendations [2]. 

 

Population surveys of children indicate the need to increase the intake of fruits and 

vegetables [2, 4, 5]. For example, less than a third of school-aged children from 

European nations report consuming vegetables on a daily basis [4]. While the mean 

intake of fruit and vegetables is below the WHO recommendations across all WHO 

regions, South American, African, and South East Asian nations report the lowest 

quantities of child fruit and vegetable consumption [2]. 

 

Longitudinal studies suggest that eating behaviours established in childhood are likely 

to persist into adulthood [6, 7]. Encouraging healthy eating among children may 

therefore represent a particularly effective primary prevention strategy for reducing the 

risk of chronic diseases [8, 9]. In addition, adequate fruit and vegetable intake during 

childhood may have a number of immediate beneficial impacts, including reducing the 

risk of a number of respiratory illnesses [10, 11]. 

 

Description of the Intervention   

The etiology of fruit and vegetable consumption is complex, involving the dynamic 

interaction of a variety of factors. Given such complexity, a number of frameworks have 

been utilised to guide the development of interventions to increase fruit and vegetable 

intake [12-14]. The conceptual framework developed for the international Pro Children 

Project suggests that interventions targeting a variety of cultural, physical and social 

environment factors, as well as those targeting personal factors may be effective in 

positively influencing fruit and vegetable intake among children [12]. 

 

Despite the range of potential intervention targets, previous trials have tended to focus 

on those determinants more amenable to intervention, such as nutrition knowledge and 

skills, or the food environment of settings such as schools [15]. Among school-aged 
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children, systematic reviews suggest that the strongest evidence exists for the efficacy 

of interventions specifically targeting fruit and vegetable consumption rather than 

broader healthy eating interventions, multi-component school-based interventions, and 

interventions incorporating a parent or family element [16]. Similar strategies would be 

hypothesised to be effective for preschool-aged children. 

 

How the Intervention Might Work   

A number of theories have been used to explain a mechanism by which interventions 

may be able to influence the fruit and vegetable consumption of children [16]. In most 

instances, psychosocial theories such as Social Cognitive Theory [17], the Theory of 

Planned Behaviour [18], or the Transtheoretical Model [19] have been used to explain 

possible causal pathways to fruit and vegetable consumption [16]. Collectively, such 

theories assert that changes to attitudes, knowledge and skills and perceived norms 

and expectancies are required for behavioural change. The international Pro Children 

Project incorporated Social-Ecological Theory in its conceptual theoretical framework 

of determinants of children's fruit and vegetable consumption [12]. Interventions 

derived from Social-Ecological Theory recognise the importance of more structural 

influences on the fruit and vegetable consumption of children, for example, the 

availability or accessibility of fruit and vegetables in the home or in settings such as 

schools which children frequent.  

 

Why it is Important to do this Review   

Previous reviews have identified a number of factors associated with fruit and 

vegetable consumption among children [16, 21, 25]. While such reviews provide 

important information for the development of interventions, only systematic reviews of 

intervention trials are able to determine the efficacy of strategies to increase child fruit 

and vegetable consumption. A number of such reviews have been published [20-25], 

however, few have included preschool-aged children, and most lacked important 

information relevant to practice, such as the effectiveness of interventions for various 

sub-populations (such as minority groups), the cost-effectiveness of interventions, or 

the presence of any unintended adverse effects of the intervention. A comprehensive 

systematic review on this issue is therefore required to provide guidance for 

practitioners and policy makers interested in implementing strategies to promote the 

consumption of fruits and vegetables in early childhood. 
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Objectives   
To assess the effectiveness, cost-effectiveness and associated adverse events of 

interventions designed to increase the consumption of fruit and/or vegetables among 

children aged five years and under. 

 
Methods   

Criteria for Considering Studies for this Review   
Types of Studies   

Eligible trials were randomised controlled trials (RCTs), including cluster-randomised 

controlled trials, that were published in a peer reviewed journal and that: 

• compared two or more alternative intervention programs to increase the 

consumption of fruit and/or vegetables of children aged five years and under; or 

• compared an intervention program to increase the consumption of fruit and/or 

vegetables of children aged five years and under with a standard care or no 

intervention control group. 

Randomised trials which did not include fruit or vegetable intake as the primary trial 

outcome were excluded. 

 

Types of Participants   

Participants could include: 

• children aged 5 years and under, 

• parents, guardians and families responsible for the care of children aged 5 

years and under, or 

• professionals responsible for the care of children aged 5 years and under 

including childcare staff and health professionals. 

 

Types of Interventions   

Any educational, experiential, health promotion and/or psychological/ family/ 

behavioural therapy/ counselling/ management/ structural/ policy/ legislative reform 

interventions designed to increase fruit and/or vegetable consumption in children aged 

5 years and under (as defined in ‘Types of Participants’) were considered for inclusion. 

Interventions could be conducted in any setting and could include interventions 

conducted in the home, childcare/preschool services, health services, or community 

settings.  
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Comparison 

Any alternate intervention to encourage fruit and vegetable consumption as described 

above, or a no intervention control or attention control or wait-list control. 

 

Types of Outcome Measures   

Studies with evaluated outcomes measuring biomedical and/or dietary indices were 

included. 

Primary Outcomes   

• Change in the number of portions or serves of daily fruit and/or vegetable 

intakes at follow-up as measured by diet recalls, food diaries, food frequency 

questionnaires or diet records completed by an adult on behalf of the child. 

Short-term effects (<12 months post-intervention) and long-term effects (at least 

12 months post-intervention) were included. 

• Change in grams of fruit and/or vegetable intakes at follow-up as measured by 

diet recalls, food diaries, food frequency questionnaires or diet records 

completed by an adult on behalf of the child. Short-term effects (<12 months 

post-intervention) and long-term effects (at least 12 months post-intervention) 

were included. 

• Changes in biomedical markers of fruit and/or vegetable consumption, such as 

α-carotene, β-carotene, cryptoxanthin, lycopene and lutein. Short-term effects 

(<12 months post-intervention) and long-term effects (at least 12 months post-

intervention) were included. 

Secondary Outcomes   

Estimates of absolute costs and cost-effectiveness of interventions to increase the 

consumption of fruits and/or vegetables reported in identified studies were included. 

Any reported adverse event of an intervention to increase the consumption of fruits and 

vegetables reported in identified studies were included. This could include any 

physical, behavioural, psychological or financial impact on the child, parent or family, or 

the service or facility where an intervention may have been implemented. 

 

Search Methods for Identification of Studies   

We obtained relevant trials published in any language via searches of electronic 

bibliographic databases, dissertations, hand searching of relevant journals, and 

following direct communication with authors of included studies. 
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Electronic Searches   

We searched electronic databases including the Cochrane Central Register of 

Controlled Trials (CENTRAL) on The Cochrane Library, MEDLINE, EMBASE, CINAHL 

and PsycINFO. We searched the metaRegister of clinical trials and the WHO 

International Clinical Trials Registry Platform. The search strategy for CENTRAL is 

described in Appendix 1. 

 

Searching Other Resources   

We searched the reference lists of relevant articles and performed a hand search of all 

articles published in the 5 years until 2011 in three relevant international peer reviewed 

journals (Journal of Nutrition Education and Behavior, Public Health Nutrition, and 

Journal of the American Dietetic Association). Databases of published dissertations 

(Dissertations and Theses) were searched to identify and contact key authors in an 

attempt to obtain trials published in peer reviewed journals as well as ongoing trials 

(Appendix 2).  

 

Data Collection and Analysis   

Selection of Studies 

Two review authors (FS and RH) independently screened titles and abstracts of 

identified papers. Review authors were not blind to the details of the study author or 

journal. Review authors applied a standardised screening tool to assess eligibility. 

Papers were screened against the eligibility criteria for the review in a sequential 

manner, and a paper was excluded based on the first reason for exclusion (order: 

Participants, Outcome, Comparator, Intervention, Study Design). Based on the paper's 

title and abstract, papers which clearly did not meet the eligibility criteria of the review 

were excluded. Two review authors (FS and RH) then independently examined the full 

text of all remaining papers. Information regarding the reason for ineligibility of any 

paper for which the full text was reviewed was documented and is presented in 

Appendix 3. A third review author with expertise in review methodology (LW) resolved 

any disagreement between review authors (FS and RH) regarding study eligibility. For 

those papers which did not provide sufficient information to determine eligibility, we 

contacted the study authors for clarification. 

 

Data Extraction and Management   

Two review authors (RW and BB or EJ) independently extracted data from each 

included trial. Review authors were not blind to the details of the study author or 

journal. Data was recorded on data extraction forms designed and piloted specifically 
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for this review. Consultation with a third review author with expertise in review 

methodology (LW) resolved discrepancies between review authors (RW and BB or EJ) 

regarding data extraction. Attempts were made to contact authors of included papers in 

instances where the information required for data extraction was not available from the 

published report or was unclear. One review author (RW) transcribed extracted data 

into the systematic review software ‘Review Manager’. Where available, the following 

information was extracted from included trials (Appendix 4):  

• Information on the study, research design and methods such as; the study 

authors; date of publication; date of study initiation; study duration; setting; 

number of participants; participants' age, gender, ethnicity, and socioeconomic 

position; sequence generation; allocation concealment; blinding of participants, 

personnel and outcome assessors; and other concerns regarding bias.  

• Information on the experimental conditions of the trial such as the number of 

experimental conditions; and intervention and comparator components, 

duration, number of contacts, modalities, interventionist and integrity. 

• Information on the trial outcomes and results such as rates of recruitment and 

attrition; sample size; number of participants per experimental condition; mean 

and standard deviation of the primary or secondary outcomes described above; 

any subgroup analyses by gender, population group or intervention 

characteristics; and incomplete outcome data. 

 

Assessment of Risk of Bias in Included Studies   
Two review authors independently assessed the risk of bias in the included studies 

(RW and BB or EJ). A third review author with expertise in review methodology was 

consulted to resolve any disagreements between review authors (LW). Authors used 

the tool outlined in the Cochrane Handbook for Systematic Reviews of Interventions 

[26] to assess the risk of bias. The tool requires an explicit judgement by the review 

authors, based on trial information, regarding the risk of bias attributable to the 

generation of the random sequence, the allocation concealment, the blinding of 

participants, personnel and outcome assessors, the completeness of outcome data, 

selective reporting and any other potential threats to validity. Judgements regarding the 

risk of bias for each trial were recorded in the ‘Risk of Bias’ tables accompanying the 

review (Appendix 5). 
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Measures of Treatment Effect   

Where meta-analyses were performed, the intervention effect was expressed as a 

mean difference where outcomes were reported using a standard metric (such as 

grams) and as a standardised mean difference where outcomes were reported using 

different methods or metrics of fruit and vegetable intake. 

 

Unit of Analysis Issues   

Cluster randomised trials in the review were assessed for unit of analysis error. 

 

Dealing with Missing Data   

Where available, outcomes of trials reporting an intention-to-treat analysis were 

reported. Given meta-analysis was only conducted on data pooled from two trials, 

sensitivity analyses to explore the impact on the overall assessment of treatment 

effects of the inclusion of trials not reporting an intention-to-treat analysis, with high 

rates of participant attrition or with other missing data, were not performed. 

 

Assessment of Heterogeneity   

Statistical heterogeneity was assessed via visual inspection of forest plots of the 

included trials and using the I2 statistic. Examination of the trial characteristics 

(participants, design, interventions, outcomes and risk of bias) was also performed to 

identify the source of heterogeneity. 

 

Assessment of Reporting Biases   

Assessment of reporting bias was difficult given the heterogeneity of the included trial 

interventions and the limited number of included trials precluding visual inspection of 

the funnel plots. 

 

Data Synthesis   

Trial outcomes were assessed using a variety of dietary assessment tools and were 

reported in various metrics, including vitamin C from fruit, fruit or vegetable serves, and 

grams. We used fixed-effect models to perform meta-analysis. Meta-analysis was 

performed using the 'Review Manager' software. We did not conduct meta-analysis 

where a high level of heterogeneity was evident. In instances where data could not be 

combined in a meta-analysis, we have provided a narrative summary of the trial 

findings according to the review objectives. 
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Subgroup Analysis and Investigation of Heterogeneity   

The impact of interventions for the following subgroups were summarised narratively: 

• Interventions targeting boys and girls 

• Interventions targeting minority groups including indigenous populations 

• Interventions delivered in various settings including health and children's 

services 

• Interventions of varying intensities defined in terms of the number and duration 

of intervention contacts or components 

• Interventions delivered in different delivery modes such as via telephone, the 

internet or face-to-face 

 

Sensitivity Analysis   

Sensitivity analyses could not be conducted as meta-analysis was performed on data 

pooled from just two trials. 

 
Results   
Results of the Search   

The searches generated 10740 citations. Screening of titles and abstracts identified 

145 papers for formal inclusion or exclusion. Of these, five trials [27-31] met the 

inclusion criteria (Figure 1.1). 
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Figure 2.1: Study Flow Diagram 

 

Characteristics of Included Studies   

There were 13 trial arms with 3,967 participants randomised across the five included 

trials. A description of these trials appears in Tables 2.1 to 2.5 below. Two trials, both 

conducted in the United Kingdom examined the immediate or short-term (<12 month) 

impact of specific feeding practices in increasing children's intake of a target vegetable 

[27, 30]. Cooke and colleagues recruited 472 children aged 4 to 6 years from eight 

schools. Sixteen classes were randomised to one of four conditions. First, over a 3-

week period children received 12 exposures to a target vegetable coupled with a 
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tangible non-food reward (a sticker) if they tasted the vegetable; second, exposure 

coupled with a social reward (praise) if they tasted the vegetable; third, exposure 

alone; or fourth, a no treatment control [27]. Intake of the target vegetable was 

assessed using electronic scales (grams) as part of a free-choice ad libitum 

consumption task at baseline, immediately post-intervention, and 1 and 3 months post-

intervention. 

 

The second trial from the United Kingdom randomised 156 children aged 2 to 6 years 

and their parents (who had previously participated in a study examining predictors of 

child fruit and vegetable intake) into one of three experimental conditions [30] including, 

repeated exposure to a target vegetable, nutrition information, and a no treatment 

control. In the repeated exposure group, parents received training in exposure feeding 

and were asked to offer their child a taste of a target vegetable for 14 consecutive days 

in the home. The importance of not offering a reward for consumption was stressed. 

Parents in this group also received a diary to record their feeding experiences and 

stickers for children to place in the diary to signify their degree of liking for the target 

vegetable. Parents allocated to the nutrition information group were informed about the 

recommendations for child fruit and vegetable intake, and provided a leaflet with advice 

and suggestions for increasing consumption. Parents allocated to the no treatment 

group did not receive any dietary advice or information. Intake of the target vegetable 

was assessed pre-intervention and approximately 2 weeks later using electronic scales 

measuring the weight of vegetable on the plate before and after ad libitum 

consumption. 

 

Two studies tested the impact of home visiting programs implemented in 

disadvantaged communities [28, 31]. Watt and colleagues recruited 312 mothers of 

babies from baby clinics serving disadvantaged areas of London [31]. Mothers were 

randomised to receive an intervention consisting of monthly home visits from when the 

infant was aged 3 months. Home visits were delivered by trained volunteers who 

provided practical and non-judgemental support on infant feeding practices, including 

complementary feeding and when to introduce solids. The intervention emphasised the 

importance of fruit and vegetable consumption. The volunteer support was designed to 

complement existing assistance provided by health professionals. Mothers allocated to 

the control group received standard health professional support only (e.g. health 

visitors and GPs). Baseline data was collected when infants were 10 weeks old with 

follow-up data collected 42 weeks (immediately post-intervention) and 68 weeks later 

(6-months post-intervention). The primary trial outcome, vitamin C from fruit, was 
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calculated as part of a multiple pass 24 hour food recall and using data from a National 

Nutrition Survey. Consumption of selected fruits, a secondary trial outcome, was also 

reported. 

 

High 5 for Kids (H5-KIDS) was a U.S. home visiting initiative designed to increase the 

fruit and vegetable intake of disadvantaged children aged 2 to 5 years [28]. H5-KIDS 

was delivered to 759 families who were enrolled in a general parenting and child 

development program (‘Parents as Teachers’). The intervention focused on parental 

knowledge and modelling of fruit and vegetable intake, non-coercive feeding practices 

and the availability of fruit and vegetables, and consisted of a tailored newsletter, a 

series of four home visits of approximately 60 minutes' duration and print and audio-

materials for parents and children. The intervention was delivered by parent educators. 

Families allocated to the control group received only the core 'Parents as Teachers' 

program, consisting of home visits, on-site group activities and newsletters. Child fruit 

and vegetable intake was assessed via telephone using a Food Frequency 

Questionnaire 6 to 11 months after baseline. 

 

One preschool-based intervention was included in the review. The Beastly Healthy at 

School study aimed to increase children’s fruit and vegetable consumption and water 

intake, and to decrease the consumption of sweetened beverages [29]. The multi-

component intervention included classroom-, school- and home-based strategies that 

targeted children, school staff and parents. Staff received a two-day training workshop 

plus educational resources and parents received newsletters. Children participated in a 

range of teacher- and self-guided activities based on experiential education (e.g. food 

tastings) and developmental education (e.g. learning about the food triangle). Children 

aged approximately 3 to 5 years of age attending eight Belgium preschools were 

randomised to receive the intervention, while children attending another eight 

preschools were allocated to the control. No details were provided regarding the nature 

of any support or any usual nutritional activities provided to control preschools. Fruit 

and vegetable intake was assessed using a Food Frequency Questionnaire reported 

by parents at a 6-month follow-up for 308 and 168 children allocated to intervention 

and control preschools respectively. 

 

Excluded Studies   

Following an assessment of study titles and abstracts, the full texts of 145 articles were 

sought for further review for study eligibility (Figure 1). Of these, the eligibility of 27 

trials could not be established as the study had not been published or was only a 
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protocol (n=24), or could not be located (n=3). One hundred and seven studies were 

considered ineligible following the trial screening process (Reasons for exclusion 

included Participants n=54; Outcomes n=24; Comparator n=14; Study design n=15; 

Intervention n=0). Additionally six studies (reporting the findings of five trials) were 

excluded at the point of data extraction given closer inspection of the eligibility criteria. 

Specifically, two studies, based on the same trial of an artherosclerosis prevention 

intervention, had no explicit aim to increase fruit and vegetable consumption of children 

despite reporting longitudinal fruit and vegetable consumption [32, 33]. A co-twin study 

reported by Faith and colleagues also did not aim to increase fruit and vegetable 

intake, rather, sought to test a methodological concept [34]. Similarly, an intervention 

described by Aboud and colleagues did not primarily aim to increase fruit and 

vegetable consumption and only assessed fruit and vegetable consumption post-hoc to 

describe the mechanism behind a change in weight status among study participants 

[35]. A study by Khoshnevisan and colleagues reported dietary outcomes for the 

intervention group only and was therefore excluded [36] and a study by Johnson and 

colleagues [37] was excluded as the outcome measure was not a quantity-based 

assessment of fruit and vegetable consumption. 

 

Risk of Bias in Included Studies   

Allocation (selection bias)   

Information regarding the risk of bias in the included studies is described in Appendix 

5. In four of the five studies, the randomisation sequence was generated by computer 

or random number tables [27-29, 31] and the method of sequence generation in the 

remaining study [30] was unclear. In two of the five studies [30, 31], participant 

allocation was concealed from recruiters, thus representing a low risk of selection bias. 

The risk was unclear in two studies [27, 29], and was considered to be high in the 

remaining study [28] where recruiters were aware of participants' allocation as they 

were being recruited. 

 

Blinding (Performance Bias and Detection Bias)   

Performance Bias 

In four of the five studies [28-31] the intervention was delivered (at least in part) to 

parents who were not blinded to group allocation, and in three of these trials [28, 29, 

31] parents also provided outcome data regarding their children's fruit and vegetable 

consumption. These three studies were determined to be at high risk of performance 

bias given the potential for reported trial outcomes to be influenced by the parents' 

knowledge of group allocation. Two trials [27, 30] used an objective outcome measure 
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(weight of vegetable consumed as assessed by electronic scales), and as such were 

deemed to have a low risk of performance bias, despite those delivering the 

intervention being aware of participant allocation. 

 

Detection Bias 

In one trial [29] children's fruit and vegetable consumption was reported by parents 

who were not blind to group allocation, and as such there was considered to be a 

potentially high risk of detection bias. In the other four trials [27, 28, 30, 31], a third 

party (such as a research assistant or telephone interviewer) was used to collect data 

regarding children's fruit and vegetable consumption. In two of these trials [28, 31] 

outcome assessors were blind to allocation, representing a low risk of detection bias, 

while in other two trials [27, 30] outcomes were objectively assessed (ad libitum 

consumption of a target vegetable was measured pre- and post-intervention), and even 

though outcome assessors were not blind to participant allocation, the risk that 

detection bias would influence trial outcomes was deemed to be low. 

 

Incomplete Outcome Data (Attrition Bias)   

All studies had data missing at follow-up. Three studies were judged to have a low risk 

of attrition bias [27, 28, 30] due to high retention rates (>80%) which were similar 

across all groups. In two studies [29, 31] there was judged to be a high risk of attrition 

bias due to high attrition rates at follow up (Vereecken et al. 45-47%; Watt et al. 30-

34%). 

 

Selective Reporting (Reporting Bias)   

One trial was prospectively registered with trial outcomes pre-specified [31] and the 

reported outcomes matched those in the register, representing a low risk of reporting 

bias. For all other trials, there was insufficient information to determine risk of bias due 

to selective reporting. 

 

Other Potential Sources of Bias   

All cluster randomised trials either adjusted their analyses to take the effects of 

clustering into account [27, 29] and/or conducted tests to determine that adjustment 

was not required [27, 28]. The study by Wardle and colleagues [30] conducted 

analyses using all available data as well as data from only those participants in the 

exposure arm who received at least ten out of a possible 14 exposures. Meta-analysis 

was performed on the restricted sample of participants from the exposure arm (n=34) 
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as raw data for the full sample (n=48) was not reported. No further sources of bias 

could be identified. 

 

Effects of Interventions   

Effectiveness, Cost-effectiveness and Associated Adverse Events of Intervention 

All included trials reported the impact of the effectiveness of the intervention on a 

measure of child fruit or vegetable intake. None of the trials reported information 

regarding any adverse events or unintended adverse consequences of the 

intervention. Similarly, none of the included trials reported any information on 

intervention costs, or conducted cost analyses. There was considerable heterogeneity 

among included studies in terms of the interventions trialled, study populations, and 

methods of assessing fruit and/or vegetable intake. Meta-analyses were therefore 

conducted by pooling data from similar interventions and are reported as appropriate in 

this review. Otherwise, trial findings are synthesised narratively. 

 

The effects of interventions targeting child feeding practices were mixed [27, 30]. 

Target vegetable consumption among children receiving a repeated food exposure 

intervention was significantly higher than among children receiving a no treatment 

control in the study by Cooke and colleagues [27] and approached significance in the 

study authored by Wardle and colleagues [30] immediately following the intervention 

period. However, at the 3 month follow-up, this effect of exposure (with no reward) was 

non-significant in the study by Cooke and colleagues [27]. Meta-analysis of vegetable 

intake at the final follow-up for both trials (<3 months) revealed no overall intervention 

effect (MD 1.37 95% CI -2.78 - 5.52) as shown in Table 2.1. Findings of the meta-

analysis should be interpreted with caution as outcome data from both trials were 

positively skewed and were not transformed as part of pooled analyses. 

 

Table 2.1. Short-term impact (<12 months) of repeated exposure intervention 
versus no intervention on child consumption of a target vegetable   

OUTCOME STUDIES N 
STATISTICAL  

METHOD 
EFFECT ESTIMATE 

Vegetable intake (g) 2 281 Mean Difference  

(IV, Fixed, 95% CI) 

1.37  

[-2.78, 5.52] 

 

It appears that the provision of rewards sustains the effect of exposure in the short 

term. Significant intervention effects were reported in the two reward experimental 

arms in the study by Cooke and colleagues [27]. The mean target vegetable 
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consumption of children allocated to receive repeated food exposures with a tangible 

reward (a sticker) or repeated exposures with a social reward (praise) were higher (by 

up to approximately 30 grams) immediately post-intervention and at the 1- and 3-month 

follow-up compared with a no treatment control. Consumption among children 

receiving exposure plus tangible reward was also higher than among children receiving 

a repeated exposure alone immediately post intervention and at 1-3 month follow-up. 

Comparison between the two reward conditions revealed significantly greater intake of 

the target vegetable among children receiving exposure plus tangible reward versus 

the exposure plus social reward immediately post-intervention but not at the later 

follow-up. 

 

The trial by Wardle and colleagues also tested the provision of basic nutrition 

information to parents in one experimental arm [30]. The provision of basic nutritional 

information did not significantly increase mean target vegetable consumption 

immediately post-intervention. 

 

Studies trialling home visiting interventions failed to significantly increase child fruit and 

vegetable consumption [28, 31]. In addition to standard health professional support, 

children of mothers allocated to receive nine home visits from a trained volunteer, 

(once monthly from when the infant was 12 weeks of age) did not report greater 

consumption of vitamin C from fruit relative to a control group receiving only standard 

health professional support when the child was 12 or 18 months old [31]. At age 12 

months, however, children of mothers allocated to the intervention group were more 

likely to consume apples, pears, boiled potatoes and carrots, but not bananas or leafy 

green vegetables, a secondary outcome of the trial. At 18 months of age, children were 

more likely to consume pears and potatoes relative to control children. A 6 to11 month 

follow-up of the H5-KIDS program, consisting of a tailored letter, print and audio 

materials and a series of four home visits by parent educators found no overall 

increase in child intake of fruit (p=0.34), vegetables (p=0.10), or fruit and vegetables 

combined (p=0.20) relative to children in the comparison condition [28]. A significant 

positive intervention effect (of up to one third of a serve) was reported in a subgroup 

analysis of healthy weight (relative to overweight) children for combined fruit and 

vegetable intake (p=0.02). Meta-analysis pooling outcome data for fruit intake (an 

outcome measure common to both trials) at the final follow-up for both trials (<12 

months post-intervention) revealed no significant increase in child consumption of fruit 

(SMD 0.01 95% CI -0.01-0.11) as shown in Table 2.2. 
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Table 2.2. Short-term impact (<12 months) of home visiting intervention versus 
usual care  

OUTCOME STUDIES N 
STATISTICAL  

METHOD 
EFFECT ESTIMATE 

Fruit Intake (g) 2 1518 Std. Mean Difference  

(IV, Fixed, 95% CI) 

0.01  

[-0.09, 0.11] 

 

The Beastly Healthy at School, multi-component preschool-based intervention had a 

small but significant impact on child fruit consumption [29]. Children attending 

intervention preschools increased their fruit consumption by 6 grams from baseline at 

the 6-month follow-up, while fruit consumption among children in control preschools 

reduced by 4 grams over the same period (p=0.04). There were no differences 

between groups in terms of vegetable consumption. 

 

Interventions Targeting Boys and Girls 

All trials included in this review included both boys and girls. The impacts of 

intervention for gender subgroups were not reported in any of the included trials. 

 

Interventions Targeting Minority Groups and Indigenous Populations 

Three of the included trials examined the impact of interventions on predominantly 

disadvantaged populations [27, 28, 31]. One trial recruited participants through schools 

where the proportion of children who had English as a second language, came from 

minority ethnic backgrounds or were eligible for free school meals was above average 

[27]. Data describing these characteristics of the study sample, however, was not 

reported. The study demonstrated that repeated food exposure coupled with reward 

significantly increased the consumption of a target vegetable. Similarly, both home 

visiting interventions, for which results were mixed, recruited participants from 

disadvantaged communities [28, 31]. One study recruited children and families from 

the 'Parents as Teachers' program, which provides services to parents from pregnancy 

until the child is 3 years old, but extends services until the child is 5 in the case of 

underserved families, single or minority parent homes, or those living in poverty. As 

this study recruited parents with children aged 2 to 5 years, disadvantaged families 

comprised a substantial proportion of the overall sample, for example 50-60% of 

participating families earned less than $US35,000 per annum [28]. The second study 

recruited from baby clinics in disadvantaged London neighbourhoods. The sample 

included 50% of participants from an ethnic minority, 57% living in social housing, and 

28% lone parents [31]. 
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Interventions Delivered in Various Settings 

While two of the included trials recruited study participants from preschools/schools 

[27, 29] only one trial assessed the impact of an intervention targeting the policies or 

practices of this setting. The intervention had a small but significant increase in child 

consumption of fruit but not vegetables [29]. The remaining studies were home-based 

interventions, of which intervention effects were mixed. 

 

Interventions of Varying Intensity 

In trials that incorporated home visits, the number of scheduled visits ranged from four 

contacts [28] to nine contacts [31], with visits in both interventions lasting 

approximately 60 minutes. Despite the differences between the two trials in terms of 

intervention intensity, both studies failed to find overall positive intervention effects on 

the primary trial outcome. In the more intensive trial, the average number of completed 

visits was five [31], whereas the intervention of lesser intensity was delivered in its 

entirety to 78% of participants [28]. The two trials examining the impact of repeated 

food exposure were similar with regard to intensity with Wardle and colleagues 

reporting a maximum of 14 exposures over consecutive days [30], and Cooke and 

colleagues reporting a maximum of 12 exposures over consecutive school days [27] in 

their respective trials. In the multi-component preschool-based intervention the duration 

or frequency of intervention contacts was not reported [29]. 

 

Interventions Delivered in Different Modalities 

Three of the five trials used face-to-face intervention delivery only [27, 30, 31]. The 

remaining two trials used face-to-face delivery in combination with other strategies: 

computer-tailored newsletters and storybooks [28], and school-based education, 

training, policy and environmental change [29]. Trials which employed face-to-face only 

intervention delivery formats, and those which incorporated a broader range of 

intervention modalities reported mixed findings in terms of intervention effects. 

 
Discussion   
Summary of Main Results   

Despite the importance of encouraging fruit and vegetable consumption among 

children in early childhood, the review identified few randomised controlled trials 

investigating interventions attempting to do this. The included trials were 

heterogeneous, and collectively the findings were equivocal, providing few effective 

options for policy makers to improve child fruit and vegetable intake. 
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Two trials investigating home visiting programs provided to disadvantaged groups did 

not have a clear positive intervention effect on fruit and vegetable intake immediately 

after the intervention or 6-months post-intervention [28, 31]. A multi-component 

preschool-based intervention failed to significantly increase child consumption of 

vegetables, but did report a small significant increase in mean child consumption of 

fruit 6 months following baseline assessment [29]. Two trials examining feeding 

strategies to encourage child consumption of a target vegetable [27, 30] indicated that 

repeated food exposure alone is not effective in increasing vegetable intake post-

intervention. However, coupling repeated food exposure with a tangible non-food or 

social reward was effective in increasing targeted vegetable consumption in the short 

term (<3 months post-intervention) [27]. 

 

Overall Completeness and Applicability of Evidence   

The paucity of published randomised trials identified in this review is surprising given 

efforts globally to increase fruit and vegetable intake [1]. Nonetheless, previous 

systematic reviews of broader dietary interventions for children under 5 years have 

similarly identified few randomised trials [38]. None of the included trials in this review 

examined long-term (>12 months post-intervention) effects of interventions, reported 

cost analyses or examined any unintended adverse effects. These factors are 

important considerations for health practitioners and policy makers but are often not 

reported in randomised trials [39] or examined in systematic reviews [40, 41]. 

Furthermore, the limited number of trials identified for inclusion also prevented 

thorough examination of the impact of the interventions by gender, for indigenous 

populations, across various settings, of different intensities or delivered using various 

modalities. Encouragingly, a number of trial protocols (Appendix 2) were identified 

which may address some of these gaps in the literature and are likely to be eligible for 

inclusion in future updates of the review. These include a multi-component preschool-

based intervention [42], and a brief four contact telephone-based intervention delivered 

by trained non-health professionals [43]. 

 

The external validity of the review findings are limited. All trials were conducted in 

North America or Western Europe. None of the included trials compared participant 

characteristics to their sampled population and some did not specify trial inclusion or 

exclusion criteria [28, 29]. Where recruitment was conducted via schools, clinics or 

‘Parents as Teacher’ programs, participation rates were generally high (>80%) and 

study attrition ranged from 12-34% [27, 28, 31]. With the exception of the Beastly 

Healthy at School study, participation rates of sites subject to randomisation in cluster 
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trials were not reported. In the Beastly Healthy at School trial the preschool 

participation rate was just 10% suggesting the trial findings may not generalise [29]. 

The study by Wardle and colleagues, recruited a convenience sample of 156 children 

and parents from a larger cohort, who had previously participated in a separate study, 

and expressed interest in future research participation [30]. Such participants may 

differ systematically to parents of children under 5 years in the broader community 

[44].  

 

Quality of the Evidence   

In many cases trial quality was difficult to assess given a lack of available information 

reported in the published manuscripts. Overall, one of the five trials was judged to be of 

high methodological quality [27], with three studies judged to be of moderate quality 

[28, 30, 31], and one study judged to be of low quality [29]. Only one study had been 

prospectively registered [31]. The most significant issue affecting the quality of the 

included trials was the inability to blind participants to group allocation, exposing trials 

to performance bias which can inflate the intervention effect. Similarly, social 

desirability bias, which can also inflate intervention effects is likely within trials that did 

not blind participants to group allocation or use an objective outcome measure [45]. 

Finally, opportunities for meta-analysis could be improved by consistent assessment 

measures of fruit and vegetable intake and the reporting of trial outcomes in a manner 

consistent with CONSORT guidelines. 

 

Potential Biases in the Review Process   

The review employed a comprehensive and rigorous methodology including a broad 

search strategy, the screening of trials and extraction of data from two independent 

reviewers, and the appraisal of risk of bias within the included studies. Furthermore, 

the review did not restrict publications based on language. Two aspects of selection 

bias, however, are worth noting. First, we excluded trials where fruit and vegetable 

intake was not considered to be a primary trial outcome to avoid any potential 

confounding effects of other behavioural interventions (such as physical activity). This 

restriction may lead to over-estimates of intervention effects if in practice they are 

delivered in the context of other health initiatives. Second, the review included only 

trials which had been published in peer reviewed journals, which may also lead to 

overly positive estimates of intervention effects given the tendency for trials with 

positive findings to be more likely to be published, or published more quickly in peer 

reviewed journals [26]. 
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Agreements and Disagreements with Other Studies or Reviews   

The equivocal findings of this review regarding the impact of home visiting programs 

are similar to those reported in previous reviews of dietary interventions. For example, 

a comprehensive review of the impact of home visiting programs concluded that there 

was little evidence to recommend home visiting as means of improving child diet given 

the mixed findings of the reviewed studies [46]. Among the trials with a positive 

intervention effect included in the review by Elkan and colleagues [46] was a pre-post 

study of an intensive intervention provided to low income mothers of children aged 1 to 

4 years [47]. In this study, dietician-trained GPs and health visitors provided advice and 

support as part of a primary care home visiting intervention lasting up to 20 weeks. 

Post-intervention improvements in diet were reported, including the consumption of 

fruits and vegetables. A more recent home visiting intervention [48] identified in a later 

review [49] also employed a pre-post design to examine a home visiting intervention 

delivered to predominantly low income Hispanic children under 6 years by a public 

health nurse. The intervention sought to improve macronutrient intake, as well as 

reduce high fat snack consumption and increase healthy snack consumption. Post-

intervention assessments found reductions in caloric intake but no change in 

macronutrients [48]. 

 

Similarly, there are few controlled trials available to contextualise the mixed findings of 

the multi-component preschool-based intervention reported by Vereecken and 

colleagues [29]. A recent systematic review of interventions to improve diet, physical 

activity or prevent weight gain for children 5 years of age or under, and which included 

both randomised and non-randomised designs, identified nine studies of interventions 

implemented in preschool or childcare settings [38]. Three studies included some 

assessment of dietary outcome. In the first, Head Start preschools were assigned to 

either; a menu intervention to reduce the fat content of meals provided to children in 

care; the same menu intervention plus nutrition education; or a third usual care control 

condition [50]. Both intervention arms of the trial reduced the fat content of foods 

served to children relative to the preschools in the control condition. The remaining two 

trials assessed the impact of a healthy eating and physical activity obesity prevention 

program ‘Hip-Hop to Health Jr’, implemented in two different populations attending 

Head Start preschools [51, 52]. In one trial [51], intervention children reported less 

saturated fat intake at the 1-year follow-up, but not total fat, or dietary fibre. No 

improvements in dietary intake were reported in the second trial [52]. Nonetheless, 

systematic reviews of school-based fruit and vegetable interventions have frequently 

concluded that multi-component initiatives are effective in increasing fruit and 
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vegetable consumption in older children, suggesting that such strategies warrant 

investigation in preschools [20-23]. 

 

An early systematic review of healthy eating interventions for preschoolers [53] 

published by the Health Education Authority concluded that repeated food exposure is 

effective in enhancing children's willingness to consume novel foods provided tasting 

was included as a part of the exposure. Enhanced food acceptance following repeated 

food exposure has also been reported in other reviews and controlled trials [54] 

examining the impact of repeated exposure on the consumption of preschool-aged 

children, and the trials included in this review [27, 30]. As Cooke and colleagues point 

out in the background review of research for their randomised trial, evidence regarding 

the use of rewards to encourage child consumption of targeted foods appears more 

equivocal [27]. The positive impact of both social and non-tangible rewards reported by 

Cooke and colleagues, were however, consistent with previous trials in community 

settings using tangible non-food rewards and social reward targeting the fruit or 

vegetable intake of school children [55].  

 
Conclusions   
Implications for Practice   

This review provides little specific direction for health policy makers and practitioners 

interested in achieving increases in the fruit and vegetable consumption of preschool 

children. Among those trials which significantly increased consumption, the effect sizes 

were small and intervention effects typically assessed only in the short term. 

Notwithstanding this, a number of the intervention settings and strategies reported in 

the included studies have potential public health appeal. Home visiting appears to be 

effective in reaching disadvantaged populations as evidenced by the high response 

and low attrition rates in the included home visiting studies [28, 31]. Both studies also 

trialled strategies which could be considered suitable for broader dissemination. In the 

trial by Watt and colleagues, the intervention was delivered by volunteers, a low cost 

approach to intervention delivery [31]. Haire-Joshu and colleagues, incorporated the 

fruit and vegetable program into an existing service for disadvantaged families [28], a 

cost efficient and potentially sustainable intervention approach, which was also 

reported to be highly acceptable to both the parent educators who delivered the 

program and the parents who received it. Such findings suggest that, provided effective 

programs can be developed, programs delivered via home visiting may have merit in 

improving fruit and vegetable intake among disadvantaged families. 
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Findings from the two trials of feeding strategies have broad application [27, 30]. The 

pairing of repeated food exposure and a tangible non-food reward, or social reward is 

effective in increasing children's consumption of a target vegetable, at least in the short 

term. Such strategies should therefore be considered for inclusion in future 

interventions targeting children aged 5 years and under, across a variety of settings, 

particularly those targeting parent-child feeding interactions in the home. Given the 

large numbers of children that attend such childcare services, and the capacity of these 

services to influence children’s diets whilst in their care, childcare services are often 

advocated as important settings to improve child diet [56].  

 

While the trial by Vereeken and colleagues reported in this review significantly 

increased children's fruit consumption, the effect size was meagre. The authors 

attribute increased access to fruit at intervention preschools as primarily responsible for 

the intervention effect. This is consistent with previous reviews of the correlates of child 

fruit and vegetable intake [16, 21] suggesting that simply providing fruits to children 

whilst in care is likely to increase their consumption. Furthermore, despite parent 

newsletters, information evenings and other preschool-based activities, the authors 

suggest that greater engagement of parents may be required, a strategy also found to 

enhance the impact of school-based nutrition programs [23]. 

 

Given the lack of high quality research in this area, there is considerable scope for 

policy makers, researchers and practitioners to develop and evaluate the impact of a 

variety of initiatives to improve child fruit and vegetable intake. Behavioural 

interventions delivered via health professionals, telephone or computer-based 

programs, interventions delivered through preschools, play-groups, sports clubs, or co-

operatives, and those which address access issues through subsidies or other 

incentives all have merit, and rigorous evaluation of such interventions for children of 

preschool age would contribute greatly to the available evidence base to inform 

practice. As the aetiology of child diet is complex, interventions which target multiple 

determinants across a number of settings may be most likely to be effective.  
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Background  
Adequate consumption of fruit and vegetables provides children with essential nutrients 

for healthy growth and development [1] and may displace the consumption of energy-

dense, nutrient-poor foods associated with childhood overweight and obesity [2-6]. 

Given that childhood diet is a significant determinant of adult diet [7] and higher fruit 

and vegetable consumption in childhood is associated with decreased risk of adult 

chronic disease [8, 9], the benefits of adequate childhood fruit and vegetable 

consumption appear to extend throughout the lifespan. Despite this, internationally and 

within Australia, a high proportion of children have inadequate fruit and vegetable 

intake [10, 11]. Identifying factors associated with higher childhood fruit and vegetable 

consumption may assist in the development of interventions to address this public 

health issue.  

 

Many factors influence the foods that children eat: the demographic and socio-

economic characteristics of their families [12, 13]; their individual preferences and 

genetic predispositions [14, 15]; psychosocial factors [16]; and characteristics of their 

environment [17, 18]. Given the amount of time children spend in the home, this 

environment represents a potentially promising setting in which to improve young 

children’s fruit and vegetable consumption. Rosenkranz's ecological model of the home 

food environment hypothesises that child diet in this setting is influenced by three 

domains: built and natural environments; political and economic environments; and 

socio-cultural environments [19]. Of these, those most proximal to a child's life, such as 

home accessibility and availability of foods (built and natural environments) and 

parental diet, parenting practices and rules, and family eating patterns (socio-cultural 

environments) may be most amenable to intervention. As such, research investigating 

associations between these characteristics of the home environment and children’s 

fruit and vegetable consumption is warranted.   

 

Studies of school-aged children have found parental fruit and vegetable intake and the 

accessibility and availability of fruit and vegetables in the home [14, 17, 18] to be 

consistently associated with children’s consumption. However, research involving 

children of preschool age (children aged 3 to 5 years [20]) is limited. For example, a 

2007 systematic review that included environmental correlates of children’s fruit and 

vegetable intake identified just three studies involving children of preschool-age, 

compared with 30 studies involving children aged 5 to 18 years [18], while a more 

recent systematic review only included studies of children aged 6 years and older [17]. 
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The factors influencing dietary habits in early childhood may be distinct from those 

affecting school-aged children due to preschoolers’ earlier developmental stage and 

greater dependence on their family [17]. The few studies that have investigated 

associations between such factors and fruit and vegetable consumption in preschool 

children found positive associations with parental fruit and vegetable intake [21-23] and 

parental role-modelling [24]; and negative associations with eating in front of the 

television [25] and parental pressure to eat [23, 25]. However, only a minority of these 

studies have used both a comprehensive, validated assessment of child fruit and 

vegetable consumption and multivariate analyses to isolate the effect of individual 

variables and control for the influence of socio-demographic characteristics [22, 23]. As 

such, this study sought to address these limitations, and identify characteristics of the 

home food environment associated with fruit and vegetable consumption in a sample of 

Australian preschool children. 

 

Methods 
Design 

A cross-sectional survey of parents of preschool-aged children was conducted via 

Computer Assisted Telephone Interview (CATI). 

 

Ethical Approval 

The data for the present study forms the baseline dataset for a cluster randomised 

controlled trial of a telephone-based parent intervention to increase fruit and vegetable 

consumption in preschool children [26]. Ethical approval for the broader trial was 

obtained from the Human Research Ethics Committees of the University of Newcastle 

(Ref No. H-2008-0410) and the Hunter New England Area Health Service (Ref No. 

08/10/15/5.09) (Appendix 6).  

 

Sample 

Study participants were parents of 3 to 5 year-old children attending non-government 

preschools within the Hunter region of New South Wales, Australia. Almost 90% of 

preschools within New South Wales are either privately or community owned and 

operated [27]. All participants had previously volunteered to participate in a telephone-

based randomised controlled trial of a fruit and vegetable intervention [26]. Preschools 

were ineligible if they provided children with meals, if they catered exclusively for 

children with special needs, were government preschools (as the conduct of this 

research was not approved in these institutions) or if they had participated in child 

healthy eating research projects within the previous six months. Parents were eligible if 



CHAPTER 3: Cross-sectional study 

62 
 

they resided with their preschool child for at least 4 days per week and were 

responsible for their child’s meals and snacks at least half of the time. If children had 

dietary restrictions that were incompatible with the Australian Dietary Guidelines for 

fruit and vegetable consumption (as determined by an Accrediting Practicing Dietitian), 

their parents were deemed ineligible. 

 

Recruitment 

Recruitment procedures are described in detail elsewhere [26] and are based on a 

systematic review identifying effective strategies for recruiting parents for study 

participation through schools [28]. Briefly, all eligible preschools within the study area 

were invited to participate. At consenting preschools, a research assistant distributed 

study information and consent forms to parents as they dropped off or picked up their 

child. Parents indicated their consent by ticking a box on the consent form and 

returning it to a drop box at the preschool. Recruitment of preschools began in 

February 2010 and recruitment of parents began in March 2010 and was conducted 

over a 6-month period. The consent form contained questions about the parent’s 

residential suburb, the child’s age, gender, and usual fruit and vegetable consumption 

(average number of serves per day). In order to assess bias due to selective non-

participation, parents who did not wish to participate in the study were encouraged to 

also complete a consent form with this information and return it to the preschool.  

 

Data Collection 

Consenting parents were contacted to complete a telephone survey (Appendix 7) via 

CATI delivered by trained telephone interviewers experienced in conducting health-

related interviews. The survey was conducted from April to October 2010. Parents 

were instructed to answer with respect to their preschool-aged child. If they had more 

than one child aged 3 to 5 years, they were instructed to select the child who would 

have the next birthday. 

 

Measures 

Participant Characteristics  

The survey included items to assess the socio-demographic characteristics of parents 

and children. Parents were asked their age, gender, highest level of education, annual 

household income and whether they identified as Aboriginal and/or Torres Strait 

Islander. Parents were also asked to report their child’s date of birth and gender, the 

number of days per week that they resided with their child, and how often they were 

responsible for providing their child with meals and snacks (always, most of the time, 
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half of the time, seldom, never). Items were sourced from population health surveys 

[29].  

 

Children’s Fruit and Vegetable Intake 

Participants also completed the fruit and vegetable subscale of the Children’s Dietary 

Questionnaire (CDQ) [30]. This subscale requires parents to report the variety and 

frequency of fruit and vegetables consumed by their child over the past 24 hours and 

past 7 days. This tool includes potatoes and sweet potatoes in the assessment of 

vegetable consumption, but parents are specifically instructed not to include hot chips. 

Fruit and vegetable juices are excluded from questions assessing the frequency and 

variety of fruit intake, with the exception of a question regarding number of occasions of 

fruit or vegetable consumption over the past 24 hours. The subscale score ranges from 

0 to 28 and a score of 14 or more suggests that the child has intake patterns consistent 

with fruit and vegetable dietary guidelines [30]. Changes on this score could arise from 

a range of possible changes to children’s fruit and vegetable consumption patterns, for 

example, a one-point increase could result from eating an additional type of fruit or 

vegetable, or eating fruit or vegetable at an additional occasion in the previous 24 

hours. This subscale has been established as reliable in comparable samples of 

preschoolers (Intraclass correlation coefficient = 0.75), and has been established as 

valid against a 7-day dietary checklist in a sample of school-aged children (Spearman’s 

correlation coefficient = 0.58) [30]. 

 

Characteristics of the Home Food Environment  

Characteristics of the home food environment were assessed within seven domains: 

parental role-modelling of fruit and vegetable consumption, pressure to eat, parental 

provision of fruit and vegetables, fruit and vegetable availability, fruit and vegetable 

accessibility, mealtime practices and family eating policies. Where possible, items were 

taken from existing validated home food environment measures including The Healthy 

Home Survey [31], The Child Feeding Questionnaire [32] and The National Nutrition 

Survey [33]. Where known, the reliability and validity of items are provided alongside 

each item. Study items with unknown psychometric properties are also identified.  

 

a) Parental role-modelling of fruit and vegetable consumption 

Items from the National Nutrition Survey were included to assess the average number 

of serves of fruit and vegetables consumed each day by parents [33]. Answers to these 

questions have been positively associated with objective biomarkers of fruit and 

vegetable intake including α-carotene, β-carotene, β-cryptoxanthin, lutein/zeaxanthin 
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and red-cell folate [34]. A lack of existing role-modelling items that were specific to fruit 

and vegetable consumption, quantitative, and targeted at parents of preschool children 

led the study team to develop two items to assess this. Specifically, parents were 

asked separate questions regarding the number of times they had consumed fruits, 

and the number of times they had consumed vegetables, in front of their child on the 

previous day. The validity of these items is unknown. 

 

b) Pressure to eat 

The ‘Pressure to Eat’ subscale from Birch’s Child Feeding Questionnaire was included 

to measure the extent to which parents try to control the amount and type of food eaten 

by their child [32]. Scores range from one to five and a higher score indicates more 

pressure. The four-item scale has been shown to be internally consistent (Cronbach’s 

alpha = 0.70) and reliability estimates for the four items of this subscale are 0.19-0.52 

[32]. 

 

c) Parental provision of fruit and vegetables 

As no items or scales could be identified that measured the extent to which parents 

provided their children with fruit and vegetables, two questions were developed 

specifically for this study, and as such their psychometric properties are unknown. 

Separate questions were asked regarding the number of occasions on the previous 

day that the parent provided their child with fruits and vegetables. 

 

d) Availability of fruit and vegetables in the home 

As no appropriate measure of home fruit and vegetable availability that was brief, 

suitable for telephone data collection, and appropriate for use within an Australian 

sample could be sourced, a separate measure was developed. This was assessed by 

asking parents to identify foods that they currently had in their home from a list of 19 

commonly consumed fruits and 24 commonly consumed vegetables from the 

Children’s Dietary Questionnaire. Fruit and vegetables could be available in any form; 

fresh, tinned, frozen or dried. The number of varieties of fruits and vegetables were 

then summed. The validity and reliability of this item is unknown.  

 

e) Accessibility of fruit and vegetables in the home 

Accessibility was assessed by asking whether fruit and vegetables in the home were 

stored in a form that facilitated their consumption, for example, washed and chopped. 

The vegetable item was taken from the Healthy Home Survey (Item reliability, kappa = 

0.57, Item validity, kappa = 0.43) [31]. The reliability and validity of the Healthy Home 
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survey items were established in a study of 85 American families with 3 to 8 year-old 

children by having 50% of the sample re-do the survey one week after the first 

administration, and by a home visit to 95% of participants [31]. As there was no 

equivalent item for fruit, this was adapted from the vegetable item, specifically: Do you 

have any ready to eat fresh fruit on a shelf in the refrigerator or on the kitchen counter 

now, for example, fruit you have washed or chopped to make ready to eat, like 

bunches of grapes, berries, or oranges?  

 

f) Mealtime practices  

The extent to which the family was adopting mealtime practices that encouraged child 

fruit and vegetable consumption was measured using items from the Healthy Home 

Survey. Items included the location where most meals are eaten, the number of days 

per week the family sits at a table to eat dinner together, and the number of days per 

week the child eats dinner in front of the television (Item reliability kappa = 0.73-0.80) 

[31].  

 

g) Family eating policies 

Questions from the Healthy Home Survey were also included to assess the extent to 

which parents adopted eating policies that encouraged fruit and vegetable 

consumption. On a five-point likert scale (‘all of the time’ to ‘never’) parents recalled the 

frequency with which they did each of the following: ask their child to eat everything on 

their plate at dinner; restrict dessert if their child does not eat the food on their plate at 

dinner; reward their child with desserts, snacks or confectionary if they finish their 

dinner; allow their child to eat only at set meal times; and allow their child to help 

him/herself to snacks when at home (Item reliability kappa = 0.40–0.75) [31]. 

 
Analysis 

All analyses were conducted using SAS 9.2 (SAS Institute Inc., Cary, NC, USA). 

Descriptive statistics were used to describe the sample. Where quantitative items were 

used to collect information about environmental characteristics relating to fruits and 

vegetables separately, these totals were summed to form a single variable, for 

example, parental intake, parental role-modelling, fruit and vegetable availability within 

the home and parental providing behaviour. Similarly, the two accessibility items were 

combined into a single item indicating whether both fruit and vegetables were stored in 

a ready-to-eat format or whether fruit, or vegetables, or both fruit and vegetables were 

not currently stored in this way. Consistent with previous research on Australian 

parents of preschoolers [35] parental education was dichotomised into ‘university 
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educated’ and ‘other’, and annual household income was split into less than $100,000 

and $100,000 or more. Categorical variables used to assess eating policies were 

recoded dichotomously, whereby ‘all of the time’ and ‘most of the time’ responses were 

combined to reflect consistent adoption of these policies, and ‘some of the time’, ‘rarely’ 

and ‘never’ were also combined. Non-normal continuous variables (days per week the 

family eats dinner together at a table, days per week the child eats dinner in front of the 

television) were treated as dichotomous categorical variables. The cut points were set 

at the frequencies with which the highest levels of children’s fruit and vegetable 

consumption have previously been associated [36-39]. Therefore the number of days 

per week the family eats dinner together at a table was split into 7 days and less than 7 

days, and the number of days per week the child eats dinner in front of the television 

was split into 0 days and 1 or more days. Similarly, the location where most meals 

were eaten was recoded into ‘table’ and ‘other’ [40].  

 

A series of simple regression models was run investigating the association between 

each characteristic of the home food environment and children’s fruit and vegetable 

consumption. Simple regression models also investigated socio-demographic 

characteristics for which associations with children’s fruit or vegetable intake had 

previously been found; parental education [12], household income [41], child gender 

[21] and child age [21]. As numerous simple regression models were being tested, a 

Bonferroni adjustment was applied to the p-value (0.003) to account for the increased 

likelihood of type one error [42]. As evidence suggests fruit and vegetable consumption 

varies between children attending different childcare centres [43], all regression 

analyses used generalised linear mixed models (Proc Mixed) with a random intercept 

term to adjust for the correlation of measurements within a preschool.  

 

A screening criterion of p<0.25 was adopted to determine which variables would be 

included in the multiple regression analysis. A criterion of p<0.25 was used as 

evidence suggests that adopting the traditional threshold (p<0.05) can exclude 

variables of known importance [44, 45]. A backwards stepwise approach was used to 

determine the final multiple regression model with the least significant characteristic of 

the home food environment removed and the analysis re-run until only significant 

variables remained. Socio-demographic variables that satisfied the screening criterion 

(p<0.25) were controlled for in the multiple regression model (i.e. they were included in 

the stepwise process and retained in the final model).  

 



CHAPTER 3: Cross-sectional study 

67 
 

Results  
The sample consisted of 396 parents, recruited from 30 preschools across the Hunter 

region. Of the 57 preschools within the sampling frame, 30 consented, 19 were 

ineligible, seven refused to participate and one could not be contacted. Children from 

approximately 2,200 families attended the 30 preschools, and 417 parents consented 

to participate, with a further 178 returning a form indicating that they did not consent to 

participate. Of those consenting, ten refused to participate when contacted to complete 

the survey, six were ineligible and five could not be contacted, resulting in a total of 396 

parents providing data for the analysis. The study sample and the characteristics of 

their home food environments are described in Table 3.1.  

 

Table 3.1 - Parent, child and home food environment characteristics of the 396 
study participants  

SAMPLE CHARACTERISTICS MEAN (SD) / % 

Parent Characteristics  

Mean age (SD) - years 35.5 (5.3) 

Gender - female 96% 

Aboriginal and/or Torres Strait Islander 2% 

Highest educational level  

Year 7-9 2% 

Year 10 11% 

Year 11-12 10% 

TAFE (Technical and Further Education) 30% 

University  47% 

Annual household income*  

< $20,000 4% 

$20,000 - $39,999 9% 

$40,000 - $59,999 11% 

$60,000 - $79,999 15% 

$80,000 - $99,999 19% 

≥ $100,000 41% 
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SAMPLE CHARACTERISTICS MEAN (SD) / % 

Child Characteristics  

Mean age (SD) - years 4.3 (0.6) 

Gender - female 49% 

Mean daily serves of fruit (SD)# 2.3 (1.0) 

Mean daily serves of vegetables (SD)# 2.1 (1.1) 

Home Food Environment Characteristics  

Parental role-modelling   

Daily serves of fruit & vegetables 5.0 (1.8) 

Occasions/day model fruit & vegetable consumption 2.3 (1.4) 

Pressure to eat   

Pressure to eat 3.1 (0.7) 

Parent providing behaviour   

Times/day parent provides fruit & vegetables 3.2 (1.3) 

Fruit and vegetable availability   

Different varieties of fruit & vegetables in home 21.7 (4.8) 

Fruit and vegetable accessibility   

Fruit and vegetables kept in ready-to-eat format (% yes) 39% 

Mealtime practices   

Always eat together as a family (7 nights per week) 57% 

Never eat in front of TV (0 nights per week) 47% 

Family eats most meals at table/bench (% all/most of the time) 87% 

Family eating policies (% who all/most of the time …)  

Ask child to eat everything on their plate at dinner 50% 

Restrict dessert if child does not eat dinner  59% 

Reward with dessert if child finishes dinner 29% 

Only allow child to eat at set mealtimes 39% 

Allow child to help him/herself to snacks  4% 

*   Excluding n=17 (don’t know or refused) 

# Information collected from consent form 

 

There were no significant differences between participants and those non-consenters 

who returned a form with respect to child age, gender, daily serves of fruit or 

vegetables, or level of disadvantage based on residential postcode [46]. However, only 

a small proportion (approximately 10%) of the families who did not participate returned 
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a completed consent form. In comparison with a regionally representative sample of 

children aged 2 to 4 years, a similar proportion of children in this study consumed at 

least one serve of fruit per day, but a higher proportion of children in the study 

consumed at least two serves of vegetables per day [47].  

 

Most parents (99%) lived with their child 7 days a week and most (74%) reported that 

they were ‘always’ responsible for their child’s meals and snacks, with 22% and 5% 

reporting they were responsible ‘most of the time’ and ‘half of the time’ respectively. 

Parents consumed an average of five serves of fruit and vegetables each day and 

consumption levels approximated that of female adults within the region2 [47]. On 

average, parents ate fruit and vegetables in front of their children on more than two 

occasions per day and provided their children with fruit and vegetables more than three 

times a day. While, on average, households had almost 22 different types of fruit and 

vegetables available in the house, fewer than half of those households (39%) kept both 

fruit and vegetables in a ready-to-eat, accessible format. On average, families ate 

together at a table 5.6 days a week (with 57% eating together 7 days a week) and 

children ate dinner in front of the television on an average of 2.2 days a week (with 

47% not doing this at all, i.e. 0 days per week). The majority of families (87%) ate most 

meals at a table. Although 59% of parents indicated that they would restrict dessert 

‘most’ or ‘all of the time’ when their child did not eat their dinner, 29% rewarded their 

child with dessert for finishing dinner. Only 4% of parents allowed their child to access 

snacks themselves.  

 

The mean score for the fruit and vegetable subscale for children within the study was 

14.8 (sd 4.6). Table 3.2 displays the strength of the associations between children’s 

fruit and vegetable score and characteristics of the home food environment and socio-

demographic characteristics in simple and multiple regression models.  

 

 

                                                

2 A state-wide survey that included 1,320 respondents from the Hunter New England Local Health District 
indicated that 18% of females consumed at least five serves of vegetables daily (vs 14% in the study 
sample) and 61% consumed at least two serves of fruit daily (vs 57% in the study sample) [47]. 
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Table 3.2 - Associations between CDQ score and characteristics of the home food environment: simple and multiple regression 

 SIMPLE REGRESSION MULTIPLE REGRESSION† 

CHARACTERISTIC 

(N=396) 

REGRESSION  

CO-EFFICIENT  

(95% CI) 

P-VALUE 

REGRESSION  

CO-EFFICIENT  

(95% CI) 

P-VALUE 

Parental role-modelling      

Daily serves of fruit & vegetables (F&V) 0.87 (0.64-1.11) <0.001 0.30 (0.09-0.50) 0.005 

Occasions/day models F&V consumption 1.09 (0.78-1.40) <0.001   

Pressure to eat      

Pressure to eat -0.78 (-1.40- -0.17) 0.012   

Parent providing behaviour      

Times/day parent provides F&V 2.22 (1.96-2.49) <0.001 1.80 (1.53-2.09) <0.001 

Fruit and vegetable availability      

Different varieties of F&V in the home 0.34 (0.25-0.43) <0.001 0.12 (0.03-0.20) 0.006 

Fruit and vegetable accessibility*     

F&V kept in ready to eat format (Yes) 1.80 (0.87-2.73) <0.001 0.90 (0.20-1.60) 0.012 

Mealtime practices*      

Always eat together as a family  

(7 nights per week) 
0.90 (-0.02-1.82) 0.055   

Never eat dinner in front of TV  

(0 nights per week) 
0.87 (-0.04-1.79) 0.061   

Family eats most meals at table/bench  

(All or most of the time) 
0.48 (-0.86-1.82) 0.480   
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 SIMPLE REGRESSION MULTIPLE REGRESSION† 

CHARACTERISTIC 

(N=396) 

REGRESSION  

CO-EFFICIENT  

(95% CI) 

P-VALUE 

REGRESSION  

CO-EFFICIENT  

(95% CI) 

P-VALUE 

Family eating policies*  

(% who all of most of the time …) 
    

Ask child to eat everything on plate at dinner -0.05 (-0.96-0.87) 0.922   

Restrict dessert if child does not eat dinner  -0.68 (-1.60-0.25) 0.151   

Reward with dessert if child finishes dinner -0.79 (-1.79-0.21) 0.121   

Only allow child to eat at set mealtimes 1.38 (0.46-2.31) 0.003 1.00 (0.31-1.68) 0.006 

Allow child to help him/herself to snacks  -1.59 (-3.90-0.72) 0.177   

Socio-demographic characteristics#     

Parental education - University 1.13 (0.22-2.05) 0.015   

Annual household income >$100,000 0.87 (-0.05-1.79) 0.065   

Child gender 0.64 (-0.27-1.55) 0.169   

Child age -0.12 (-0.87-0.64) 0.765   
* Dichotomous characteristics 
 
† Twelve characteristics of the Home Food Environment were initially entered into the multiple regression model [Daily serves of F&V, Occasions/day parent models F&V 
consumption, Pressure to eat, Times/day parent provides F&V, Different varieties of F&V in the home, F&V kept in ready to eat format (Yes), Always eat together as a family (7 
nights per week), Never eat dinner in front of TV (0 nights per week), Restrict dessert if child does not eat dinner, Reward with dessert if child finishes dinner, Only allow child to 
eat at set mealtimes, Allow child to help him/herself to snacks] and three demographic characteristics [Parental education (University), household income (>$100,000), child 
gender] and a backwards stepwise approach was used to determine the final model.  
 
# Parental education, household income and child gender were controlled for in the multivariate model but were not significant; p=0.172, p=0.848, p=0.164 respectively. 
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Simple regression analysis found statistically significant positive associations (p<0.003) 

between children’s fruit and vegetable consumption and the following factors: parental 

fruit and vegetable intake; occasions per day where parents role-model fruit and 

vegetable consumption; provision of fruit or vegetables to children; variety of fruit and 

vegetables available in the home; keeping fruit and vegetables in a ready-to-eat format 

(e.g. washed and chopped); and only allowing children to eat at set meal times.  

 

Twelve characteristics of the home food environment had a p-value less than 0.25 in 

the simple regression models and were entered into the backward stepwise regression 

along with parental education, household income and child gender. The assumptions 

of multiple regression were tested and found to be acceptable. The regression 

coefficients, 95% confidence intervals and p-values for the five significant variables 

(p<0.05) that were retained in the final regression model are shown in the final two 

columns of Table 3.2. 

 

Multiple regression analysis indicated that higher fruit and vegetable consumption in 

children was significantly associated with: higher fruit and vegetable intake in parents, 

more frequent provision of fruit and vegetables to children throughout the day, having a 

wider variety of fruits and vegetables available in the home, having fruit and vegetables 

stored in a ready-to-eat format, and generally only allowing children to eat at set 

mealtimes. These variables remained significant despite controlling for parental 

education, household income and the gender of the child. This model of the 

characteristics of the home food environment accounted for 48% of the variation in the 

child’s fruit and vegetable score. The regression coefficients suggest that, all other 

factors held constant, each additional occasion that parents provide their children with 

fruit or vegetables throughout the day is associated with an average an increase in 

children’s fruit and vegetable score of 1.80 points, and ensuring that children generally 

only eat at set mealtimes is associated with an average increase of 1.00 points in the 

fruit and vegetable score. The coefficients of the remaining three significant variables 

within the model ranged from 0.12 to 0.90. 

 

Discussion  
This study is one of only a handful of studies examining associations between 

characteristics of the home food environment and the fruit and vegetable consumption 

of preschool-aged children. Furthermore, it is among the first to investigate these 

relationships through multiple regression analysis and with a reliable and valid 
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measure of fruit and vegetable intake. The study found that greater fruit and vegetable 

consumption in children was positively associated with parent’s own fruit and vegetable 

consumption; the frequency with which parents provide these foods to their child; the 

availability and accessibility of these foods in the home; and with maintaining set 

mealtimes. Such findings provide insights into factors that influence young children’s 

vegetable and fruit intake.  

 

The positive association between child and parent fruit and vegetable intake is 

supported by studies involving preschool-aged children [21-23] as well as older 

children and adolescents [14, 18, 48, 49] and supports previous recommendations that 

modification of parent diet be a key strategy for interventions targeting children’s eating 

habits [5, 21, 23, 40, 50]. A lack of significant association between child fruit and 

vegetable intake and parental consumption of these foods in front of their children, 

however, suggests that the influence of parental role-modelling is complex [51, 52]. 

Further research investigating the mechanisms by which parental intake may influence 

child consumption may yield important insights for future interventions.  

 

A unique aspect of this study was the examination of parental provision of fruit and 

vegetables as a correlate of child consumption. Although the reported positive 

association is somewhat intuitive for children of this age, the finding accentuates the 

critical role that parents play in facilitating fruit and vegetable consumption through 

provision of these foods. Within the study sample at least, the findings also suggest 

that there is considerable scope to further improve child fruit and vegetable intake 

through encouraging more frequent provision.  On average, parents provided fruit or 

vegetables to their child on 3.2 occasions per day, with dinner being the most prevalent 

occasion for serving vegetables, and morning tea the most prevalent occasion for 

serving fruit. Given that it is recommended that children of this age have three meals 

and two to three small snacks daily [53], introducing fruit and vegetables at additional 

occasions throughout the day, particularly the provision of vegetables for morning or 

afternoon teas, could represent an effective intervention strategy. Further, the findings 

of this study and those with older children [54, 55] demonstrate a greater likelihood for 

children to eat fruits and vegetable if these foods are stored at home in a ready-to-eat 

form. As preparation time is a commonly cited barrier to fruit and vegetable 

consumption [56, 57], having ready-to-eat fruit and vegetables on hand may increase 

the likelihood of parents feeding their preschool child these foods rather than 

convenient, pre-packaged, snack foods. As only 39% of parents in this study reported 

storing fruit and vegetables in this way, strategies that make it easier for parents to 
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purchase, prepare and store ready-to-eat fruits and vegetables are needed and likely 

to facilitate increased parent provision of these foods to their child. 

 

These findings should be considered in the context of the study limitations. First, this 

data is cross-sectional, precluding conclusions regarding causality. Further research is 

warranted to determine if these associations are evident in longitudinal research, and if 

changes to such characteristics mediate the changes to child fruit and vegetable intake 

following intervention. Second, use of parent volunteers may have introduced selection 

bias as study participants may not be representative of the broader population from 

which they were drawn. Compared to a random sample of 764 mothers of 2 to 5 year-

olds in the broader study region, parents in this study were more educated (47% vs 

36% with a university education) and from higher income households (41% vs 20% 

earning over $100,000 per year) [35] and their children had higher levels of vegetable 

consumption than a regionally representative sample of children aged 2 to 4 years [47]. 

The strength of the associations found in this study is therefore unknown among 

families from less advantaged backgrounds. Furthermore, most participants identified 

themselves as the parent that was primarily responsible for feeding their child, and only 

4% of the participants were fathers, most likely due to fathers being less likely to drop 

children at childcare [58] and being less likely to have primary responsibility for food 

within the household [59]. This may restrict the generalisability of study findings to 

mothers, and the primary food provider, rather than parents more broadly. The 

inclusion of measures of the home food environment with unknown validity and 

reliability is a further limitation of this research and further research is required to 

develop and refine appropriate measures suitable for population-based investigation. 

Finally, this research examined the combined consumption of fruit and vegetables. The 

analyses did not allow for the identification of the relative associations of environmental 

characteristics with fruit and vegetable intake separately [60]. Future research should 

seek to address these limitations.  

 
Conclusions  
The study findings suggest that a range of factors within the home food environment 

appear to be associated with young children’s fruit and vegetable intake. The final 

regression model which included parental intake and parental provision of fruit and 

vegetables to their children, the availability and accessibility of fruit and vegetables in 

the home, and having set mealtimes accounted for almost half of the variation in 

children’s fruit and vegetable consumption. Such results suggest that there are 
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modifiable factors within the home environment that may be appropriate targets for 

future interventions aimed at increasing fruit and vegetable consumption in preschool-

aged children to address this substantial public health problem. 
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Introduction 
Adequate childhood fruit and vegetable consumption is an issue of public health 

importance as a diet that includes plenty of fruit and vegetables helps children achieve 

optimal growth and development [1] and maintain a healthy weight [2-4], and can 

protect against chronic diseases in adulthood [5, 6]. Despite this, worldwide, many 

children consume insufficient quantities of fruits and vegetables [7]. Initiatives to 

increase childhood fruit and vegetable consumption may therefore represent an 

effective strategy in preventing childhood obesity and future chronic disease.  

 

Early childhood represents a sensitive period in the formation of children’s dietary 

behaviours [8] and parents are particularly influential in this process [9]. A number of 

parent-modifiable factors within the home environment have been found to be 

consistently associated with increased child fruit and vegetable consumption. These 

factors include fruit and vegetable availability and accessibility [10-12], parental role-

modelling of fruit and vegetable consumption [10, 12], and the presence of supportive 

family eating routines [10, 11]. As such, supporting parents to make positive changes 

to the home environment may represent an appropriate focus for interventions 

attempting to increase fruit and vegetable consumption in young children. 

 

Parents report the need for support in overcoming skill and knowledge barriers [13-16] 

to facilitate healthy eating behaviours in their children. Methods of providing parents 

with support that are effective in increasing fruit and vegetable consumption, that can 

be feasibly delivered to large numbers of parents at relatively low cost, and that are 

considered acceptable to parents, represent public health approaches likely to benefit 

child nutrition [17]. Against these criteria, the provision of support via telephone 

appears to compare favourably with other modes of delivering support to parents. 

Telephone-based interventions have been identified as effective [18], efficient [19], 

feasible [20] and acceptable [21] in changing physical activity, smoking and dietary 

behaviours in adults. The telephone provides a potential means of accessing most 

parents with preschool-aged children, and currently has a broader reach than 

interventions delivered via the Internet [22], and can more feasibly be delivered to large 

numbers of parents compared with face-to-face strategies [18]. 

 

Despite the potential advantages of telephone-delivered support, systematic reviews of 

obesity prevention interventions for children 0 to 5 years [23], of parent interventions 

targeting children’s nutrition and physical activity [24], and of interventions to increase 
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children’s fruit and vegetable consumption [25] have failed to identify any telephone-

based interventions for parents targeting fruit and vegetable consumption in their 

preschool-aged child. Given the lack of published data, best practice models of 

intervention development and evaluation recommend that new interventions are 

developed systematically based on relevant theory and research and then pilot tested 

to assess acceptability, compliance, delivery of the intervention, recruitment and 

retention before initiating a randomised controlled evaluation [26]. As such, the aim of 

this pilot study was to assess the potential efficacy of a brief telephone-based parent 

intervention in increasing the consumption of fruit and vegetables among 3 to 5 year-

old children, as well as to assess the feasibility of the intervention and its acceptability 

to parents.  

 

Experimental Methods 
Design 

This pilot study employed a pre-post study design without a comparison group. 

Volunteer parents of 3 to 5 year-olds attending preschools were recruited to participate 

in the intervention. Telephone surveys were conducted with parents approximately one 

week prior to and one week following intervention delivery. 

 

Setting / Subjects 

Eligibility 

Parents were recruited through non-government preschools in the Hunter region, in 

New South Wales, Australia. Preschools provide programs for children in the two years 

prior to starting full time education and 89% within the state are operated by non-

government organisations [27]. Sixty-four percent of 4 year-olds in New South Wales 

attend preschool [27]. Parents were eligible to participate if they had a child 3 to 5 

years old attending a participating preschool, if they resided with that child for at least 

four days a week (in order for the child to be sufficiently exposed to the intervention 

strategies that the parent may implement), and if they understood English. Parents of 

children with conditions requiring specialised dietary information or advice, as 

determined by a dietitian, were excluded.  

 

Recruitment 

Eight preschools were randomly selected from a list of all 47 non-government 

preschools in the region and preschool supervisors were contacted via mail and then 

phone call to obtain permission to recruit parents (Appendix 8). A research assistant 

visited consenting preschools on two occasions to distribute study information and 
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consent forms to parents as they dropped-off or picked-up their child (Appendix 10). 

The research assistant attended on a third occasion to distribute reminder letters to 

parents (Appendix 10). Recruitment took place in October 2009. All parents were 

encouraged to complete the consent form regardless of their intention to participate. 

The consent form consisted of three items relating to study eligibility: whether the 

parent resided with their child, the child’s age, and any child allergies or dietary 

restrictions. Questions were also included regarding their residential postcode, the 

child’s gender, the child’s usual consumption of fruit and vegetables, and whether or 

not they consented to participate in the study. An accredited practising dietitian 

reviewed the information provided by parents about child allergies and dietary 

restrictions and determined whether entry into the study was appropriate. All other 

eligibility items were confirmed via telephone prior to collection of baseline data. 

 

Intervention 

Intervention development was guided by a family-based intervention model drawing on 

Socio-Ecological Theory and focusing on introducing new familial norms associated 

with healthy eating [28]. Other interventions based on this model have successfully 

introduced environmental change in the family home to support healthy eating habits 

[29] and reduce poor eating habits in overweight and obese children [30]. The current 

intervention consisted of four weekly telephone support calls (Appendix 11), each of 

approximately 30 minutes’ duration, and a series of instructional resources including a 

workbook (Appendix 12), a cookbook (Appendix 13) and a pad of meal planners 

(Appendix 14), as well as water bottles for all family members. The support calls were 

scripted and were delivered by interviewers using Computer Assisted Telephone 

Interview (CATI) [31]. The scripts were used to facilitate structured conversations 

between interviewers and parents, and the CATI system controlled the delivery of the 

script by requiring the interviewer to enter the participant’s response before the next 

section of the script would be displayed on the computer screen. Scripts were 

developed in consultation with psychologists, dietitians, and health promotion 

practitioners experienced in parenting or dietary or telephone interventions, and were 

extensively pre-tested. Scripting ensured a common structure and content across each 

call while multiple scripted pathways facilitated the provision of tailored information 

based on parents’ individual practices and home food environment. Table 4.1 provides 

an overview of the intervention call content including behaviour change techniques [32] 

on which the script was based and examples of how these techniques were applied 

[28, 33]. 
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Table 4.1. Overview of Intervention Content  

DOMAINS CONTENT 
BEHAVIOUR CHANGE 

TECHNIQUE [32] 

APPLICATION OF 

BEHAVIOUR CHANGE TECHNIQUE 

    • Dietary recommendations 

and serving sizes 

  

• Children’s food diary • Prompt self-monitoring 

of behaviour 

• Parents are encouraged to monitor their children’s intake of fruit, 

and vegetables over 3 days. 

• Ways to provide fruit and 

vegetables throughout the 

day 

  

Week 1 

 

Availability & 

Accessibility 

• Setting goals • Prompt specific 

goal-setting 

• Parents are encouraged to set a program goal. 

    • Changing the family routine • Prompt intention 

formation 

• Parents decide which activities they will attempt in the coming 

week. 

• Availability & accessibility 

of foods in the home 

• Provide general 

encouragement 

• Interviewers provide positive feedback about any helpful practices 

occurring in the home. 

• Mealtime practices • Teach to use prompts or 

cues 

• Parents learn the HELPS acronym, i.e. try to eat when Hungry, not 

attempting anything else at the same time (focus on Eating), at an 

appropriate Location to eat, from a Plate, and while Sitting [28]. 

• Meal planning   

Week 2 

 

Availability & 

Accessibility, 

Supportive 

Family Eating 

Routines 
• Review of goals • Prompt review of 

behavioural goals 

• Parents review the goals they set during the previous calls and 

evaluate their progress. 



 

 
CHAPTER 4: Pilot Study 

88 

DOMAINS CONTENT 
BEHAVIOUR CHANGE 

TECHNIQUE [32] 

APPLICATION OF 

BEHAVIOUR CHANGE TECHNIQUE 

    • The Ps and Cs division of 

feeding responsibility 

• Teach to use prompts or 

cues 

• Parents learn the Ps and Cs: Parents are encouraged to Plan, 

Prepare and Provide. Children are encouraged to Choose (whether, 

what and how much to eat) [33]. 

• Mealtime strategies to 

encourage vegetable 

consumption 

• Prompt intention 

formation 

• Parents decide which activities they will attempt in the coming 

week. 

 • Provide general 

encouragement 

• Interviewers provide positive feedback about any helpful practices 

occurring in the home. 

Week 3 

 

Parental role-

modelling, 

Supportive 

Family Eating 

Routines 
• Role-modelling of fruit and 

vegetable consumption 

• Prompt identification as 

a role-model 

 

• Parents are provided information about their importance in role-

modelling fruit and vegetable consumption. Their consumption is 

compared with national nutrition recommendations. Tailored 

feedback is provided. 

    • Review of weeks 1-3 

 

• Provide general 

encouragement 

• Interviewers provide positive feedback about any helpful practices 

occurring in the home. 

• Planning for the future and 

dealing with difficult 

situations 

• Prompt barrier 

identification 

 

• Parents are encouraged to identify barriers that will prevent them 

implementing what they have learnt and to generate solutions. 

Week 4 

 

Availability & 

Accessibility, 

Parental role-

modelling, 

Supportive 

Family Eating 

Routines 

• Review of goals • Prompt review of 

behavioural goals 

• Parents review their program goal, evaluate their progress and 

identify how they can maintain the change. 
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Using the script, the interviewers helped parents to set goals, identify opportunities to 

improve family routines or characteristics of the home environment associated with 

child healthy eating, identify barriers to change, assisted with problem solving, and 

encouraged parents to engage in behaviour change strategies. During the 4-week 

intervention participants completed a basic 3-day food diary for their child, and were 

encouraged to try a range of additional activities depending upon their existing 

household routines. During the calls interviewers provided parents with tailored 

information and strategies to support the implementation of these activities. If parents 

agreed to attempt any of the suggested activities, the script prompted the interviewer to 

ask about their attempt in the subsequent call and interviewers provided feedback, 

highlighted achievements and discussed ideas and strategies for improving future 

attempts. Activities and information were focused on the three following domains: 

 

1) Availability and Accessibility of Foods within the Home 

Parents were encouraged to ensure that fruit and vegetables were available in the 

home and stored in a form that facilitated their consumption i.e. washed and chopped 

[34]. They were also encouraged to reduce the home availability and accessibility of 

non-core foods such as confectionary [35]. 

 

2) Role-Modelling of Fruit and Vegetable Consumption [10] 

Parents were encouraged to increase the serves of fruit and vegetables that they 

consumed in front of their child, and to display behaviours supportive of fruit and 

vegetable consumption.   

 

3) Supportive Family Eating Routines 

Parents were encouraged to eat meals as a family [11], eat meals without the television 

on [11], establish and enforce family rules around eating [10] and develop boundaries 

around when and how food is offered to their child [33]. 

 

The intervention was delivered by six interviewers with no formal health qualifications 

but with experience in conducting health related telephone interviews. All interviewers 

had completed secondary education and vocational training, and one had completed a 

university degree in a non-health field. They were selected based on their competency 

in undertaking role-plays and small group activities, such as answering parents’ 

commonly asked questions, during a 2-day training workshop delivered by health 

promotion practitioners, an accredited practising dietitian and a psychologist 

specialising in parenting (Appendix 15). Selected interviewers then completed a further 
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10 hours of self-paced practice including mock intervention calls with members of the 

research team to ensure that they were adhering to the script and were confident in 

their delivery. During the period of intervention delivery, members of the research team 

monitored interviewers for consistency, confidence and ease of script delivery and two 

group sessions were held to provide feedback on performance and discuss any issues 

arising from monitoring. 

 

Data Collection and Measures 

Baseline and follow-up data were collected from parents via CATI approximately one 

week prior to, and one week following intervention (Appendix 16). For each participant, 

data collection was conducted by an interviewer who was not involved in intervention 

delivery. Additional data to assess intervention feasibility were obtained from the CATI 

system which automatically recorded information about each intervention call attempt 

and all responses provided. Baseline data collection commenced in November 2009 

and follow up data collection concluded in December 2010. 

 

Demographics 

The baseline survey included demographic items assessing parent gender, age, 

education, income, and household composition, as well as child gender and age. 

Demographic items were sourced from the New South Wales Population Health Survey 

[36]. 

 

Intervention Efficacy 

Subscales of the Children’s Dietary Questionnaire (CDQ) were used to assess 

children’s diet at baseline and follow-up. This parent reported questionnaire compares 

children’s dietary patterns to Australian recommendations [37] with higher scores 

indicating a greater variety and/or frequency of foods consumed (hereafter referred to 

as consumption). The Fruit and Vegetable subscale was used to assess change in 

children’s fruit and vegetable consumption. The scale has established reliability 

(Intraclass correlation coefficient=0.75) and validity against 7-day food checklists 

(Spearman correlation=0.58) and is sensitive to change in fruit and vegetable 

consumption at a group level [37]. Scores on this subscale can range from 0 to 28 with 

a score of 14 or more indicating a pattern of consumption consistent with dietary 

guidelines [37]. Based on scale scoring, a one-point increase on this subscale equates 

to, for example, a child consuming on average an additional type of fruit or vegetable 

each day (variety), or consuming fruit or vegetables at an additional eating occasion 

each day (frequency). The Non-Core Foods subscale assesses consumption of food 
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items such as potato crisps, soft drink and confectionary, with scores ranging from 0 to 

10, and a score of 2 or less consistent with dietary guidelines [37]. This subscale was 

included to assess broader changes in the child’s diet associated with the intervention. 

 

Intervention Feasibility and Acceptability 

Measures of intervention feasibility included the proportion of participants completing 

all four calls, and the average call length, days elapsed between calls, and number of 

call attempts. To assess acceptability the number of participants who agreed to and 

then attempted intervention activities was calculated from parent responses to 

standardised questions asked of parents as part of the scripted telephone intervention. 

This information was entered by the interviewer according to predetermined response 

options and recorded by the CATI system. In addition the follow-up survey included 

eight Likert scale items (on a five-point scale from ‘strongly disagree’ to ‘strongly 

agree’) assessing the acceptability of the number, length, content, format and 

relevance of the intervention calls, as well as the relevance and ease of understanding 

of the intervention resources, and whether program participation was worthwhile. 

‘Strongly agree’ and ‘agree’ responses to Likert scale items of acceptability were 

combined and reported as a proportion of all responses. 

 

Statistical Analysis  

Statistical analysis was undertaken using SAS 9.2 (SAS Institute Inc., Cary, NC, USA). 

Descriptive statistics were reported as means, standard deviations (sd) and 

percentages. Median and range were reported for skewed variables. Intervention 

efficacy was assessed by comparing baseline and follow-up mean Fruit and Vegetable, 

and Non-Core Foods subscale scores using paired t-tests (alpha set at 0.05, two-tailed 

test) adjusted for clustering by preschool through the use of the Proc Surveymeans 

command.  

 

Results 
Four of the eight preschools approached (50%) consented to participate in the study 

and approximately 305 recruitment packs were distributed to families. There were 

approximately 300 families with children enrolled in the four preschools on the days of 

recruitment. A total of 72 parents (24%) returned a consent form, 37 (12%) consented 

to participate, 35 (12%) completed the baseline survey and 34 (11% of total families) 

completed the first intervention call and the follow-up survey. Consenters and the 35 

non-consenters who returned their consent form were similar with regard to child’s age, 
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child’s fruit and vegetable consumption, and the disadvantage level of their suburb of 

residence [38]. However, a higher proportion of parents who consented had boys 

(65%) compared to non-consenters (48%). The demographic characteristics of those 

who started the intervention are presented in Table 4.2.  

 

Table 4.2. Demographic Characteristics of Sample 

CHARACTERISTIC PERCENTAGE / MEAN SD 

Parents (n=34)   

Gender (female) 97%  

Age (years) 36.3 5.2 

Household Income 

 
  

<$40,000 6%  

$40,000 18%  

$60,000 18%  

$80,000 12%  

$100,000 or more 38%  

Don’t Know 9% 

 
 

Highest Education attained 

 

 

 
 

Year 10 15%  

Year 12 18%  

TAFE / trade qualification 24%  

University / tertiary 44%  

Children per household 2.0 0.8 

Children (n=34)   

Gender (female) 32%  

Age (years) 4.5 0.8 

 

The parent sample consisted predominantly of females, but the majority of children 

who were the focus of the intervention were boys. Compared to a survey (with a 

response rate of 66%) of parents of 2 to 5 year-old children attending randomly 

selected childcare centres in the broader study region, the current sample had higher 

levels of maternal education (44% vs 36% with a university education) and household 

income (38% vs 20% with a household income exceeding $100,000) [39].  
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Intervention Efficacy  

There was a significant increase in the mean score on the Fruit and Vegetable 

subscale and a non-significant decrease in Non-Core Foods score, as shown in Table 

4.3. 

 

Table 4.3. Dietary Outcomes Pre- and Post-Intervention 
OUTCOME PRE  POST P-VALUE 

(N=34) MEAN (SD)  MEAN SD  

CDQ Fruit & Vegetable subscale  15.5 (5.1)  18.1 (4.1) p=0.027 

CDQ Non-core Foods subscale  2.7 (1.4)  2.2 (1.0) p=0.203 

 

Prior to the intervention, 32% of parents reported that their children were not meeting 

fruit and vegetable dietary guidelines (CDQ scores below 14) whereas following the 

intervention this decreased to 18%.  

 

Intervention Feasibility and Acceptability 

All participants who started the intervention (97%) completed all four calls. The average 

call length was 30.8 minutes (sd 7.5), the median number of days between calls was 

seven (range 2 – 19), and the median number of attempts to complete each call was 

two (range 1 – 13 attempts). Ninety-seven percent of participants completed the 

intervention within the 4-week proposed schedule. 

 

Table 4.4 displays the proportion of participants that agreed to and attempted 

intervention activities. All participants set a program goal regarding their child’s fruit and 

vegetable intake. The most common goals related to increasing the amount (23%) or 

variety (19%) of vegetables their child ate, providing healthier snacks (19%), and being 

a healthy role-model for their child (14%).  
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Table 4.4. Number of parents who were offered, who agreed to attempt, and who actually attempted intervention tasks 

INTERVENTION TASK CALL 
NUMBER OF PARENTS 

OFFEREDa 
(% OF TOTAL) 

NUMBER WHO AGREED TO 

ATTEMPT  
(% OF THOSE OFFERED) 

NUMBER WHO ACTUALLY 

ATTEMPTED  
(% OF THOSE WHO AGREED) 

Setting program goal 1 34 (100%) 34 (100%) 23 (70%)b,c 

Completing fruit & vegetable diary in workbook (1-3 days) 1 34 (100%) 34 (100%) 32 (94%) 

Availability and Accessibility     

Chopping up fruit & vegetables 2 21 (62%) 17 (81%) 14 (82%) 

Moving ‘non-core’ foods so child can not access them 2 12 (35%) 9 (75%) 6 (67%) 

Making a rule that the child must ask permission to eat 

‘non-core’ foods 
2 4 (12%) 1 (25%) 1 (100%) 

Role-modelling     

Role-modelling healthy eating behaviour 3 29 (85%) 27 (93%) 26 (96%)b 

Supportive family eating routines     

Eating dinner as a family without the television  

(for an additional night) 
2 20 (59%) 17 (85%) 16 (94%) 

Trying a mealtime strategy to encourage vegetable 

consumptiond 
3 34 (100%) 26 (76%) 23 (88%) 

aParticipants were only offered a task if they weren’t already regularly doing it, and if it were relevant to their situation, bMissing data from one participant, cGoal attempted and 

achieved by the week 4 support call, dStrategies could include giving verbal praise instead of food rewards, trying a new meal, serving a sample of vegetable if blending 

vegetables into a meal.
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Table 4.5 displays the proportion of participants who agreed or strongly agreed with 

intervention acceptability items.  

 

Table 4.5. Intervention Acceptability 

INDICATOR OF INTERVENTION ACCEPTABILITY 
% AGREE OR STRONGLY AGREE 

(N=34) 

Number of support calls was appropriate 97% 

Support calls were an appropriate length  94% 

Calls did not contain too much information  91%a 

Was able to act on information in support calls 97% 

Acceptable to talk about these issues over the phone 97% 

Guidebook was easy to understand 100% 

Resources were relevant 97% 

Participation in the program was worthwhile 97% 
a Question inverted. Actual question was “The calls contained too much information”. 91% disagreed or 

strongly disagreed. 

 

Discussion 
The pilot findings demonstrate that the variety and/or frequency of children’s fruit and 

vegetable consumption significantly increased following delivery of a parent 

intervention consisting of four telephone support calls and print resources. The 

increase in vegetable and fruit consumption also corresponded with a non-significant 

decrease in the variety and frequency of children’s consumption of non-core foods. 

Furthermore, assessments of intervention feasibility and acceptability indicate that 

parents actively engaged in intervention tasks, participated in all telephone contacts 

and perceived the program as highly acceptable. Collectively the findings suggest that 

the intervention may have considerable public health merit and is worthy of more 

rigorous evaluation to determine intervention effectiveness in the broader population. 

 

The significant increase in mean Fruit and Vegetable score is difficult to contextualise 

given the lack of research utilising telephone-based parent interventions to target 

dietary outcomes in young children. The study findings are in contrast with a 

telephone-delivered interactive voice recording (IVR) intervention, which consisted of 

up to ten contacts for parents of older, school-aged children and failed to show a 

consistent impact on fruit and vegetable consumption [40]. The findings are, however, 

supported by the results of a randomised controlled trial in which an eight-contact 

telephone-based parent intervention was efficacious in improving a variety of dietary 
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indices in school-aged children, although fruit and vegetable consumption was not 

assessed [41]. Findings of this pilot study are also consistent with the positive impact of 

telephone-based nutrition interventions in adults [20, 42-48]. 

 

The intervention attrition rate was lower than rates previously reported in dietary 

interventions utilising internet [49, 50] or face-to-face [51, 52] support programs for 

parents, and is consistent with similar telephone-based interventions for adults [44]. 

Such findings indicate that parents are willing to receive and continue with an 

intervention via this delivery format. Encouragingly, process data indicate that beyond 

receiving the four telephone calls, parents engaged in intervention tasks, suggesting 

that parents perceived the intervention content to be appropriate. Evidence of active 

parent participation combined with ratings of parent acceptability in excess of 90% 

suggests that this intervention may be well-received by parents of preschool children. 

 

While the results of this pilot study are promising, a number of limitations should be 

acknowledged. First, the absence of a comparison group and short follow-up period 

mean that changes in consumption may not be attributable to the intervention, and that 

suggested efficacy is limited to immediate impact. However, given the significant 

increase in fruit and vegetable consumption in this small sample, investigation into the 

longer-term effects in a controlled study is warranted. Second, while the Children’s 

Dietary Questionnaire is a valid and reliable measure of child dietary patterns, and is 

recommended for intervention research [37], more rigorous assessments of child 

dietary intake such as multiple 24-hour dietary recalls would represent a more robust 

measure capable of quantifying actual fruit and vegetable intake [53] and should be 

considered for use in future research. Third, most parents in the sample reported that 

their children’s dietary patterns were already consistent with recommended guidelines 

for fruit and vegetable intake. However, a post-hoc analysis of the eleven participants 

who reported that their children were not meeting fruit and vegetable dietary guidelines 

at baseline revealed a significant increase of 5.0 points on the Fruit and Vegetable 

subscale (p=0.014), suggesting the intervention is potentially efficacious among at-risk 

children. Finally, the response rate of 11% is lower than previous estimates of parent 

interest in telephone-based support services to encourage child healthy eating and 

physical activity (39%) [54]. Participants in this sample were more likely to be university 

educated, have higher household income, and have children consuming greater 

quantities of fruits and vegetables than random samples of parents in the study area 

[36, 55]. However, subgroup analyses of parents with lower education levels and lower 

household income revealed that the intervention significantly increased children’s fruit 
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and vegetable scores by 3.8 points (p=0.025), suggesting the intervention might be 

efficacious among these under-represented participants. Nonetheless, such limitations 

mean the generalisability of the intervention findings is restricted to parents and 

children sharing characteristics of the study sample. Employing more comprehensive 

recruitment strategies [56] may improve study participation rates, and improve the 

external validity of findings from future trials. 

 

Despite these limitations the results from this pilot study are encouraging. The public 

health application of a relatively brief intervention, consisting of print resources plus 

four telephone contacts, delivered by trained telephone interviewers rather than health 

professionals, is likely to be particularly appealing to health services given limited 

resources and access to specialist staff. Such interventions may provide feasible 

healthy eating support within the community. The findings of this trial warrant further 

investigation in an adequately powered randomised controlled trial with an extended 

follow-up period, and additional research into intervention efficacy in lower income and 

less educated samples.  
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Background 
Inadequate fruit and vegetable consumption contributes to a variety of chronic 

diseases and is estimated to be responsible for 2.6 million deaths per year worldwide 

[1]. A substantial proportion of adults [2, 3] and children [4] from developed countries, 

including Australia [5, 6], consume insufficient quantities of fruit and vegetables. The 

2002 World Health Report estimated that 4% of the disease burden in developed 

countries was attributable to low fruit and vegetable intake [5]. Increasing consumption 

in early childhood may be an effective strategy to reduce the risk of subsequent chronic 

disease associated with insufficient fruit and vegetable consumption, as dietary 

patterns in childhood appear to track into adulthood [6].    

 

Parents are likely to be influential in the development of children’s eating behaviours 

[7]. Parental practices associated with increased child consumption of fruit and 

vegetables include increasing the availability and accessibility of fruit and vegetables 

within the home [8], role-modelling fruit and vegetable consumption [9] and establishing 

family eating routines supportive of fruit and vegetable consumption, such as eating 

meals as a family [10] and not in view of a television [11]. Despite such influence, a 

lack of knowledge and skills can prevent parents from utilising these opportunities to 

promote healthy eating habits in their children [12].  

 

Assisting parents to create supportive home environments can be an effective strategy 

to increase the fruit and vegetable consumption of their children [13]. However, studies 

involving traditional means of delivering interventions to parents, such as education 

sessions, often report high drop-out rates [14] and low attendance due to barriers 

associated with transport, work schedules and lack of interest [15]. Parent participation 

in healthy eating interventions is also reportedly constrained by specific barriers 

associated with preschool-aged children, including unpredictable sleep times and 

frequent sickness [16]. Telephone-based interventions may overcome many of these 

barriers and provide a convenient and effective means for parents to receive healthy 

eating support for their children. For example, previous research with adults has found 

that telephone support is an acceptable method of delivering health information [17] 

and is an effective strategy in modifying a range of health behaviours, including 

smoking [18], physical activity [19] and diet [20-22]. Furthermore, almost all Australian 

households have telephones [23]; thus, telephone-delivered interventions have the 

capacity for broad reach, and may hold promise in specifically targeting disadvantaged 

communities [24].  
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Despite the potential of telephone-based interventions to provide effective and 

acceptable support to parents, the authors are not aware of any randomised controlled 

trials of such interventions specifically targeting healthy eating behaviours in preschool 

children. The study attempts to address this gap in evidence through the conduct of a 

cluster randomised controlled trial of a telephone-based parent-focused intervention to 

increase the fruit and vegetable consumption of children aged 3 to 5 years. This paper 

describes the methodology to be employed in the conduct of this trial.   

 

Methods 
Study Aim 

The aim of this study is to examine the efficacy of a 4-week telephone-based parent 

intervention in increasing fruit and vegetable consumption of 3- to 5-year-old children, 

as assessed by parental report.  

 

Study Design 

Overview of Study Design 

The study employs a cluster randomised design, as outlined in Figure 5.1. The 

research will be reported in accordance with the requirements of the CONSORT 

statement [25]. Parents of 3- to 5-year-old children attending randomly selected 

preschools in the Hunter region of New South Wales, Australia, are being approached 

to participate. Preschools will be randomised to either control or intervention groups 

using a random number function in Microsoft Excel. Parents of children attending 

preschools allocated to the intervention group will receive a series of instructional 

resources and four 30-minute telephone calls delivered weekly by trained telephone 

interviewers. Parents of children attending preschools allocated to the control group will 

receive a readily available nutrition resource published by the Australian Government 

[26]. To assess the efficacy of the intervention, surveys will be conducted with parents 

via Computer Assisted Telephone Interview (CATI) at baseline (occurring one to two 

weeks prior to commencement of intervention delivery) and 2, 6, 12 and 18 months 

following baseline data collection. 
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Figure 5.1: CONSORT flow diagram estimating the progress of preschools and 
parents through the trial 

 

The trial is funded by the Cancer Institute New South Wales (Ref no. 08/ECF/1-18). 

In-kind support for the trial is also provided by the Hunter New England Population 

Health Service. The trial has been approved by the Human Research Ethics 

Committees of the University of Newcastle (Ref No. H-2008-0410) and the Hunter New 

England Area Health Service (Ref No. 08/10/15/5.09) (Appendix 6). 

 



CHAPTER 5a: Trial Protocol 

 108 

Research Setting  

The study region encompasses non-metropolitan ‘major cities’ and ‘inner regional’ 

areas as described by the Australian Standard Geographic Classification system [27]. 

The region has lower indices of socio-economic status than the national average and 

has 485,700 residents, with 18,200 children aged 3 to 5 years [27]. Nine percent of 

Hunter residents speak languages other than English [28]. 

 

Participants and Research Eligibility  
Preschools  

Thirty preschools will be recruited into the trial. Preschools in Australia provide 

educational and developmental programs for children (3 to 5 years) for up to two years 

prior to the commencement of full-time primary school education [29]. Preschool 

services are usually provided by qualified teachers for approximately 6 hours per 

weekday [30]. Sixty-four percent of all 4-year-old children in New South Wales attend 

preschool, with an average attendance of 17 hours per week [31]. Each preschool in 

the study area provides, on average, care for 27 children per day [32]. 

 

A current list of all preschools in the region that are licensed to provide care for 3- to 

5-year-old children will be obtained from the New South Wales Department of 

Community Services (the licensing agency). Preschools will be excluded from the trial 

if they; provide meals to children in their care (as this limits parents’ capacity to 

influence the foods their children consume), cater exclusively for children with special 

needs (given the specialist care required for such children), are Government 

preschools (as conduct of the research has not been approved by the New South 

Wales Government Department of Education and Training), or have participated in 

child healthy eating research projects within 6 months of the commencement of 

recruitment. Information regarding eligibility of preschool services will be confirmed by 

preschool supervisors during phone contact as part of the recruitment process 

(Appendix 8).  

 

Parents 

Four hundred parents will be recruited to the study. To be eligible, each participant 

must be a parent of a child aged 3 to 5 years attending a participating preschool, must 

reside with that child for at least four days a week (in order for the child to be 

sufficiently exposed to the intervention strategies that the parent may implement), must 

have some responsibility for providing meals and snacks to that child, and must be 

able to understand spoken and written English. Information regarding parent eligibility 
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will be ascertained from completed study consent forms and verified during phone 

contact with parents immediately prior to baseline data collection. Parents will be 

excluded from the trial if their children have special dietary requirements or allergies 

that would necessitate specialised tailoring of the intervention or that may be adversely 

affected by the intervention. Such exclusions will be determined by an Accredited 

Practising Dietitian who is independent of the research team.  

 

Recruitment and Allocation 

Preschools 

Prior to formal requests to participate, the research trial will be promoted to preschools 

within the region through existing networks established by the Good for Kids. Good for 

Life program, a high-profile childhood obesity prevention program in the region [33]. 

Agreement has been reached with the Good for Kids program for this research project 

to utilise the Good for Kids brand and the program’s existing communication channels 

with preschools. Specifically, newsletters and program emails will be used to make 

preschool supervisors aware of the trial and of what will be required of them if they 

consent to participate (Appendix 17).  

 

Participating preschools and the order in which they are to be approached to 

participate will be randomly selected from the New South Wales Department of 

Community Services database by an independent statistician using a random number 

function in Microsoft Excel. Recruitment will be staggered over a 4- to 5-month period 

due to intervention delivery capacity constraints. Preschools will therefore be 

approached in batches, until the desired sample of parents is achieved (Appendix 8). 

The supervisors of the selected preschools will be sent letters and consent forms 

(Appendix 9) informing them of the study and requesting permission to recruit parents 

through their services. Consent will be obtained when the supervisor faxes or posts the 

consent form back to the research team. Two weeks after the initial information letters 

are sent to supervisors, a study research assistant will telephone supervisors who have 

not yet returned their consent forms to answer any questions they may have and to 

remind them to return their forms, confirming their consent or otherwise (Appendix 8). 

Similar recruitment methods employed by the researchers as part of an Australian 

healthy eating and physical activity study were successful in achieving a childcare 

service participation rate of 84% [32]. 
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Parents 

In order to maximise parent participation in the study, a recruitment strategy based on 

a review of successful recruitment practices within the school setting [34] has been 

devised. Recruitment will incorporate the following four strategies recommended to 

maximise research participation. 

 

1. Recruitment oversight 

One member of the research team will act as a dedicated recruitment coordinator. All 

preschool supervisors and parents will be provided with the direct phone number of the 

coordinator for all enquiries regarding research participation.  The coordinator will also 

manage the rate at which preschools are recruited and monitor preschool and parent 

consent form return rates. The recruitment coordinator will not be involved in the 

delivery of the telephone support or the collection of data.  

 

2. Promotion of the research prior to requests for participation  

A promotional flier explaining the study will be sent to supervisors to disseminate to all 

parents at consenting preschools (Appendix 18). The flier will inform parents of the trial 

and the opportunity to participate, and will include endorsement of the research by a 

clinical psychologist and parenting expert. Such contact prior to a formal request to 

participate has been shown to increase response rates to postal questionnaires [35] 

and will be important in engaging parents where face-to-face contact is not possible. 

The project name, flier and recruitment documentation will include the Good for Kids 

logo and brand name [33]. Following a recent media campaign, unpublished data 

indicated that 59% of parents within the area reported that they were aware of the 

Good for Kids program.  

 

3. Dissemination of recruitment materials via methods to maximise parent engagement 

The recruitment coordinator will arrange for recruitment packs to be delivered to each 

participating preschool, enough for one per family of each enrolled child aged 3 to 5 

years. Distribution of these packs to parents will occur via methods considered by the 

preschool supervisor to be most effective and appropriate in engaging parents. Where 

possible, research staff will attend the preschool, hand out recruitment packs to 

parents and be available to answer parent questions. The recruitment pack consists of 

an information sheet, a consent form and a return envelope (Appendix 10). The pack is 

brightly coloured and specifies that the study is being conducted in conjunction with a 

university; these strategies are suggested to increase response rates among those 

parents who have only received written communication during recruitment [35]. 
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4. Parent reminders  

One to two weeks after delivery of the recruitment packs, reminder letters will be 

disseminated to parents, reminding them of the study and the opportunity to participate 

(Appendix 10).  

 

Parents will be asked to return the consent forms in the envelopes provided and place 

them in drop-boxes at their children’s preschools within three weeks. The consent form 

includes a brief set of questions to establish the child’s usual fruit and vegetable 

consumption (Appendix 10). In order to identify any bias due to selective non-

participation, all parents of 3- to 5-year-old children will be encouraged to complete the 

items on the consent forms and return them, regardless of whether they choose to 

participate. 

 

Random Allocation of Preschools 

Following the recruitment of parents within a preschool, an independent statistician will 

randomly allocate the preschool to an intervention or a control group using a 

randomisation function in Microsoft Excel. Randomisation at the unit of the preschool, 

rather than the individual parent, will reduce the potential for intervention contamination 

between parents whose children attend the same preschool [36]. Based on evidence 

suggesting that children’s eating environments differ by socio-economic status [37], the 

randomised allocation will be stratified by the socio-economic status of the area in 

which the preschool is located [38]. Preschools with a postcode in the top 50% of the 

state, based on Socio-Economic Indexes for Areas (SEIFA) [39] will be defined as ‘high 

socio-economic area preschools’ and those within the lower 50% will be defined as 

‘low socio-economic area preschools’. Preschools will be randomised in a 1:1 

(intervention:control) ratio in randomly sequenced blocks of between two and six 

preschools. Block randomisation will maximise the likelihood that the number of 

participants allocated to each group remains approximately equal [40]. Due to the 

difficulty in concealing group allocation from participants, parents will not be blinded, 

and following baseline data collection they will receive letters informing them that they 

will receive either print materials or telephone support (Appendix 19).  

 

Intervention Group 

The 200 parents randomised to the intervention group will receive a workbook and 

other resources (Appendices 12-14) and weekly scripted telephone contacts of 

approximately 30 minutes’ duration delivered over 4 weeks (Appendix 11). Telephone-

based interventions of a similar intensity have previously been found to be effective in 
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adults [41, 42]. Given evidence of the effectiveness of this relatively low number of 

intervention calls, the trial advisory group recommended a similarly brief intervention be 

developed, based on the greater likelihood of such an intervention being adopted into 

public health policy. Each telephone contact aims to provide parents with appropriate 

knowledge and skills to modify three key domains within the home food environment: 

availability and accessibility of fruit and vegetables; supportive family eating routines, 

and parental role-modelling (See Table 5.1). 

 

Development and Pre-testing of the Intervention   

The script has been developed by an expert advisory group of clinical and health 

psychologists, dietitians and health promotion practitioners. The script utilises CATI 

software [43] to tailor support based on parental report of the home food environment. 

Intervention development was guided by an existing framework for behavioural therapy 

development in clinical settings [44]. The pre-testing process involved three phases 

where the research team piloted preliminary versions of the telephone script and 

workbook, and refined the intervention based on the feedback received. Each phase of 

pre-testing was conducted with eight to 12 volunteer health promotion practitioners, 

parenting experts and parents of young children. Volunteers were asked to comment 

on the content, structure, presentation and length of the intervention, and were 

encouraged to suggest how the telephone script or workbook could be improved. 

Feedback from the members of the research team who administered the pre-test 

telephone calls to volunteers was also sought regarding the ease of administration of 

the script and the level of volunteer engagement in the intervention.  

 

Following each pre-testing phase, feedback was collated and proposed intervention 

amendments were discussed by the research team and adopted where feasible. The 

primary amendments to the telephone script that resulted from pre-testing included; 

reducing the length of the calls, changing the order of presentation of intervention 

content, reducing repetition, providing more examples to clarify key issues, simplifying 

language, removing jargon, making the script more conversational, and including more 

opportunities for interaction between parents and interviewers. The primary 

amendments to the workbook included the addition of more practical information and 

tools for parents, improving readability through simplifying language, using 

subheadings and reducing the volume of text, and improvements to the presentation of 

the workbook to make it more appealing, such as use of bright colours, illustrations and 

photographs.  
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Intervention Content  

The telephone intervention script (Appendix 11) is designed to help parents modify 

their home food environments through addressing three key domains listed in Table 

5.1. The first column of the table lists each domain at the point at which it appears in 

the schedule of support calls, while the second column lists the specific topics that are 

used to explore each of the given domains. Each domain has been associated with 

increased fruit and vegetable consumption in children as described below. 

 

a) Availability and Accessibility of Fruit and Vegetables [10, 47]  

The telephone intervention encourages parents to ensure that fruit and vegetables are 

available and accessible in the home and that they are prepared, presented or 

maintained in a ready-to-eat form that encourages their consumption [45]. This could 

include offering cut-up pieces of fruit or vegetable at snack times, and ensuring fruit is 

visible by storing it in fruit bowls. 

 

b) Supportive Family Eating Routines 

The intervention will seek to improve parent knowledge and facilitate the acquisition of 

skills to support parents to eat meals as a family [10] without the television on [11], 

establish and enforce family rules about eating [9] and develop boundaries regarding 

when and how food is offered to their children [46].  

 

c) Parental Role-Modelling of Fruit and Vegetable Consumption [9]  

Parents will be encouraged to increase the number of serves of fruit and vegetables 

that they consume in front of their children and to express supportive attitudes toward 

the consumption of fruit and vegetables to their children, for example, by making 

positive and encouraging comments. 
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Table 5.1: Overview of intervention call content: behaviour change techniques and their application 

DOMAINS CONTENT 
BEHAVIOUR CHANGE 

TECHNIQUE  

APPLICATION OF 

BEHAVIOUR CHANGE TECHNIQUE 

• Dietary recommendations 

and serving sizes 

  

• Children’s food diary • Prompt self-monitoring 

of behaviour 

• Parents are encouraged to monitor their children’s intake of fruit, 

and vegetables over 3 days. 

• Ways to provide fruit and 

vegetables throughout the 

day 

  

Week 1 

 

Availability & 

Accessibility 

• Setting goals • Prompt specific 

goal-setting 

• Parents are encouraged to set a program goal. 

    • Changing the family routine • Prompt intention 

formation 

• Parents decide which activities they will attempt in the coming 

week. 

• Availability & accessibility 

of foods in the home 

• Provide general 

encouragement 

• Interviewers provide positive feedback about any helpful practices 

occurring in the home. 

• Mealtime practices • Teach to use prompts or 

cues 

• Parents learn the HELPS acronym, i.e. try to eat when Hungry, not 

attempting anything else at the same time (focus on Eating), at an 

appropriate Location to eat, from a Plate, and while Sitting. 

• Meal planning   

Week 2 

 

Availability & 

Accessibility, 

Supportive 

Family Eating 

Routines 
• Review of goals • Prompt review of 

behavioural goals 

• Parents review the goals they set during the previous calls and 

evaluate their progress. 
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DOMAINS CONTENT 
BEHAVIOUR CHANGE 

TECHNIQUE  

APPLICATION OF 

BEHAVIOUR CHANGE TECHNIQUE 

• The Ps and Cs division of 

feeding responsibility 

• Teach to use prompts or 

cues 

• Parents learn the Ps and Cs: Parents are encouraged to Plan, 

Prepare and Provide. Children are encouraged to Choose (whether, 

what and how much to eat) [46]. 

• Mealtime strategies to 

encourage vegetable 

consumption 

• Prompt intention 

formation 

• Parents decide which activities they will attempt in the coming 

week. 

 • Provide general 

encouragement 

• Interviewers provide positive feedback about any helpful practices 

occurring in the home. 

Week 3 

 

Parental role-

modelling, 

Supportive 

Family Eating 

Routines 
• Role-modelling of fruit and 

vegetable consumption 

• Prompt identification as 

a role-model 

 

• Parents are provided information about their importance in role-

modelling fruit and vegetable consumption. Their consumption is 

compared with national nutrition recommendations. Tailored 

feedback is provided. 

    • Review of weeks 1-3 

 

• Provide general 

encouragement 

• Interviewers provide positive feedback about any helpful practices 

occurring in the home. 

• Planning for the future and 

dealing with difficult 

situations 

• Prompt barrier 

identification 

 

• Parents are encouraged to identify barriers that will prevent them 

implementing what they have learnt and to generate solutions. 

Week 4 

 

Availability & 

Accessibility, 

Parental role-

modelling, 

Supportive 

Family Eating 

Routines 

• Review of goals • Prompt review of 

behavioural goals 

• Parents review their program goal, evaluate their progress and 

identify how they can maintain the change. 
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Participants will also be asked to undertake homework activities to encourage them to 

apply, directly into their home environment, the strategies and information covered in 

the telephone calls. Incorporating homework assignments into health behaviour 

interventions has been found to increase the size of the intervention effect [47]. 

Homework activities will be optional and tailored to the needs of the participant, based 

on recommended home food environment practices not currently undertaken by the 

participant.  

 

Intervention Resources  

Based on evidence indicating telephone-based dietary interventions are more effective 

when used in conjunction with print and other resources [19], all intervention 

participants will be mailed resource kits following completion of the baseline survey. 

The kit is comprised of a participant workbook containing information and activities, a 

pad of meal planners and a cookbook including recipes high in fruit and vegetables 

(Appendices 12-14). The resources will be used to facilitate participant engagement in 

the telephone support calls and assist participants to complete intervention activities 

between telephone contacts.  

 

Conceptual Model 

The telephone-based intervention accords with the model of family-based intervention 

proposed by Golan and colleagues [48] in the treatment and prevention of childhood 

obesity. Their model, which draws upon socio-ecological theory, focuses on introducing 

new familial norms associated with healthy eating. This is achieved through making 

changes within the home food environment, providing positive parental role-modelling 

and increasing parenting- and nutrition-related knowledge and skills. Interventions 

based on such a model have been shown to be effective in bringing about 

environmental changes in participants’ homes to support healthy eating [49] and in 

reducing poor eating habits of overweight and obese children of participants [50]. 

 

The intervention utilises a number of specific behaviour change techniques to initiate 

the change process as described in Table 5.1. The third column lists the behaviour 

change techniques used and the fourth column links each technique to its application 

in the context of the topic listed in column 2. These behaviour change techniques 

include prompting intention formation, barrier identification, specific goal-setting and 

the reviewing of such goals, self-monitoring of behaviour and identification as a role-

model, teaching to use prompts or cues, and providing general encouragement, as 

described in the taxonomy proposed by Abraham and Michie [51].  
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Intervention Personnel, Recruitment and Training 

Consistent with other telephone-based health behavioural interventions [18, 19], 

intervention support will be delivered by trained telephone interviewers. Interviewers 

delivering the intervention will have experience in conducting health-related telephone 

surveys, but have no formal qualifications in psychology, dietetics, parenting, health 

promotion or other health professions. The use of telephone interviewers without 

specialist skills may mean that adoption of this intervention by government agencies is 

more feasible. Interviewers without specialist skills have previously been found to be 

effective in improving other health behaviours [18]. If effective in this context, their use 

may facilitate the adoption of this type of intervention where use of specialist staff may 

not be feasible due to cost and the shortage of staff with such skills. 

 

To recruit suitable staff and to equip them with the necessary knowledge and skills to 

deliver the intervention, potential telephone interviewers were invited to attend a 2-day 

training workshop (Appendix 15). The training was developed and delivered by a 

registered dietitian, a clinical psychologist specialising in parenting, and health 

promotion practitioners (with post-graduate qualifications and experience in public 

health). The research team and clinical psychologist judged interviewer competency, 

based on the completion of role-plays [52] and small group exercises during training 

and those considered sufficiently competent were selected to deliver the intervention. 

The selected interviewers were then required to complete a further minimum 10 hours 

of self-paced practice, including script and workbook familiarisation. They were also 

required to practise each script with a member of the research team to ensure that 

required levels of competency and adherence had been met [52] and that they were 

able to deliver the script in a confident, conversational style and respond appropriately 

to participant queries.  

 

During the first two months of intervention delivery, all interviewers will participate in 

fortnightly group supervision, facilitated by a psychologist. A self-regulatory model of 

peer supervision [53] will be utilised to facilitate learning, improve interviewer 

performance and help standardise intervention delivery. Members of the research team 

will monitor the supervision sessions and provide feedback as required. 

 

Intervention Monitoring 

To ensure integrity of intervention delivery during the trial, members of the research 

team will have weekly contact with interviewers to keep abreast of common issues and 

concerns so that they may be addressed in a consistent manner. During each 4-week 
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batch of telephone calls, members of the research team will monitor at least two 

completed calls made by each interviewer to assess adherence with the intervention 

protocol. Specifically, the research team member will record whether the interviewer 

covers the key themes and information for each call, the extent to which the interviewer 

deviates from the script, the length of the call and whether the interviewer adequately 

answers any questions asked (Appendix 20).  

 

The records of the recruitment coordinator will be audited following the recruitment of 

each batch of participants. A separate member of the research team will review the 

dates on which allocation letters are mailed. They will also review the attempt dates, 

receipt dates and completion dates of intervention and data collection telephone calls 

for each trial participant. This periodic review of documentation will assess whether the 

intervention is progressing in a timely manner and in accordance with the study 

protocol [54].  

 

Control Group 

Participants allocated to the control group will receive a 22-page booklet, ‘The 

Australian Guide to Healthy Eating: Background information for consumers’ [26] 

(Appendix 21). This is a national food guide published by the Australian Government 

Department of Health and Ageing. This publication will be posted to participants 

following completion of the baseline survey. 

 

Data Collection and Measures 

Baseline and follow-up data will be collected through a CATI survey administered to all 

participants (Appendix 22). The survey will take approximately 30 minutes to complete. 

Data collection interviewers will be provided with training to ensure that they 

understand and adhere to data collection protocols, and to practise the survey script.  

 

Baseline data will be collected one to two weeks prior to intervention delivery. Calls will 

be monitored for adherence to the training protocol. Members of the research team will 

monitor approximately ten percent of the first batch of baseline calls (Appendix 23) and 

compare the delivery of the survey to the script as written. Any deviations from the 

protocol will be addressed with the interviewer immediately following the completion of 

the call. Each interviewer will then be monitored at least once in each subsequent 

batch of surveys to ensure consistency over time. The survey administered at baseline 

will be repeated at four time points: 2, 6, 12 and 18 months following baseline data 

collection. To minimise attrition, prior to follow-up data collection calls at 6, 12 and 18 
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months, participants will receive letters thanking them for their participation to date and 

reminding them that they will shortly be telephoned to participate in follow-up phone 

calls [55] (Appendix 24). 

 

Data collection interviewers will not participate in trial recruitment or intervention 

delivery and will be blind to participant group allocation. Furthermore, at the start of 

each follow-up data collection interview, participants will be asked not to disclose their 

group allocation to the interviewers. To assess the effectiveness of the blinding, 

following the collection of trial outcome data, interviewers will be asked to nominate the 

groups to which they believe the participants were allocated [56].  

 

Measures  

Demographics 

Demographic items regarding parents’ gender, age, Aboriginal and/or Torres Strait 

Islander status, education, income, postcode and household composition (e.g. the 

number of children in the household), as well as questions regarding the child’s gender 

and age, will be assessed at baseline. Items used to assess demographics will be 

sourced from the NSW Health Survey Program, a regular government behavioural risk 

factor surveillance survey [57]. 

 

Process Measures 

The CATI system will record information regarding the outcome of each attempted call 

(e.g. engaged, answering machine, call-back arranged, call partially complete, call 

complete or refusal), the interviewer who attempted the call, the date and time of the 

attempt, the call duration and the responses provided by the participant throughout the 

call. During intervention delivery calls, participants will be asked whether they received 

the intervention resources and what homework activities they attempted. This will allow 

for an assessment of the extent to which the intervention was delivered and received 

as planned.  

 

Primary Outcome Measure: Fruit and Vegetable Consumption 

The primary outcome is the change in the fruit and vegetable intake of the preschool 

children. Fruit and vegetable intake will be assessed using the fruit and vegetable 

subscale of the Children’s Dietary Questionnaire. This questionnaire was developed to 

assess Australian children’s dietary patterns in relation to current national guidelines 

and has been recommended for use in assessing the efficacy of interventions to 

improve children’s eating habits [58].  
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This semi-quantitative food frequency questionnaire asks parents to report the 

frequency and variety of foods consumed by their children over the previous seven 

days and the previous 24 hours. Scores on the fruit and vegetable subscale range from 

0 to 28, with a score of 14 recommended based on current national dietary guidelines 

[58]. A one-point increase on this subscale could equate to, for example, a child 

consuming on average an additional type of fruit or vegetable each day (variety), or 

consuming fruit or vegetables at an additional eating occasion each day (frequency). 

An increase of this magnitude of fruit and vegetable variety or frequency of 

consumption is consistent with effect sizes of fruit and vegetable consumption reported 

in previous child fruit and vegetable interventions, and has the potential to have 

significant public health impact [59]. Reliability and validity of this tool has been 

established using multiple samples of Australian children, including preschoolers [58]. 

The fruit and vegetable subscale was found to be internally consistent (Alpha = 0.76), 

reliable (Intra-class correlation coefficient = 0.75) and valid as assessed against a 7-

day food checklist (Spearman’s correlation coefficient = 0.58) [58].  

 

Sample Size 

A sample size of approximately 300 participants (150 per group) at the 18-month 

follow-up will allow a detectable difference between intervention and control groups of 

1.27 on the fruit and vegetable subscale of the Children’s Dietary Questionnaire, with 

80% power at the 0.05 significance level. This sample size accounts for the effect of 

clustering by assuming an interclass correlation coefficient of 0.03 (unpublished data 

from the Good for Kids program) and assumes 10 participants per preschool remain at 

the 18-month follow-up (as explained below).  

 

Four hundred participants will be required to be recruited at baseline to achieve the 

desired sample of 300 at the 18-month follow-up. Based on preschools caring for an 

average of 27 children each day [32], and assuming children attend preschool for an 

average of 2.8 days per week (i.e. 17 hours over 6-hour long days), it is expected that 

up to 48 parents of children, on average, will be eligible to participate in the trial from 

each consenting preschool. A parent participation rate of 30% [17] will yield 

approximately 14 parents per preschool at baseline, of whom 10 will remain at 18 

months, assuming a 25% attrition rate [60]. It is thus estimated that 30 preschools will 

be required to generate a sample of 300 parents at the conclusion of the trial.  
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Statistical Analysis: Primary Outcome 

All statistical analyses will be performed with SAS 9.2 (SAS Institute Inc., Cary, NC, 

USA) statistical software. To assess the initial impact of the intervention and the extent 

to which any intervention effect is maintained in the longer term, the primary outcome 

analyses for the trial will be conducted on participant scores on the fruit and vegetable 

subscale of the Children's Dietary Questionnaire collected at the 2-month and 18-

month follow-up time periods. For the primary outcome analyses, an alpha value of 

0.05 will be utilised to determine statistical significance.  

 

Outcome data will be analysed using general estimating equations based on the 

intention-to-treat principle, where participants are analysed based on the groups to 

which they were allocated, regardless of the treatment type or exposure that they 

actually received [61]. General estimating equation models will account for any 

clustering effect of preschools. To ensure the results of the primary analysis are robust 

against the missing data assumption of the general estimating equation, a sensitivity 

analysis will be performed whereby participants’ observations at baseline will be used 

as a substitute for subsequent missing data. A per-protocol analysis will also be 

conducted whereby outcome data will only be included in analyses if participants 

received and completed all four telephone support calls. Conducting both intention-to-

treat and per-protocol analyses is recommended when assessing trial outcomes [61].  

 

Discussion 
To the authors’ knowledge, this is the first randomised controlled trial to evaluate a 

telephone-based parent intervention to increase the fruit and vegetable intake of 

preschool-aged children. The intervention has been developed to maximise the 

likelihood of having a positive effect on fruit and vegetable consumption through the 

use of a relevant conceptual model during intervention development, and employing 

specific behaviour change strategies to target characteristics of the home food 

environment known to be associated with increased fruit and vegetable intake.  

The study demonstrates many strengths: the experimental randomised design; the 

implementation of procedures to reduce potential threats to internal validity, such as 

the blinding of data collection interviewers and computer-based randomisation of 

groups undertaken by an independent statistician; the use of an outcome measure with 

established validity and reliability; and the recruitment of study participants from a 

setting which most 4-year-old children attend on multiple days of the week. If found to 

be effective, an intervention of this intensity, utilising trained staff rather than 
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experienced health professionals, is considered to have the potential to be 

implemented on a community-wide basis, as currently exists for adult risk behaviours 

[18]. 

 

Conclusion 
This manuscript provides a comprehensive description of the study methods to be 

employed as part of a randomised controlled trial of a telephone-based parent 

intervention to increase the fruit and vegetable intake of children aged 3 to 5 years. 

The successful implementation of this trial will provide strong evidence on which to 

base judgements regarding the efficacy of this intervention approach. 
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Introduction 
Inadequate fruit and vegetable consumption increases chronic disease risk [1-3] and 

represents a considerable health burden worldwide [4]. Evidence suggests that 

childhood dietary patterns track into adulthood [5] and high fruit and vegetable 

consumption in childhood has been associated with lower risk of adulthood stroke and 

cancer [6, 7]. As early childhood is important in the development of dietary habits [8], 

interventions to promote young children’s fruit and vegetable intake may help to 

establish dietary habits that decrease chronic disease risk in adulthood.  

 

Systematic reviews have identified a dearth of quality intervention studies to increase 

fruit and vegetable consumption in preschoolers (children aged 3 to 5 years) [9, 10]. Of 

the published trials, most have investigated multi-component interventions conducted 

in the preschool setting and have predominantly targeted the policies and practices 

within the preschool environment [11-14]. Interventions targeting the home 

environment, however, may be particularly effective [9] given that social and physical 

characteristics of the home environment are among the strongest correlates of 

children's fruit and vegetable consumption [15, 16]. Despite this, to the authors’ 

knowledge, only one published intervention trial has targeted the home food 

environment of preschoolers. In this randomised controlled trial of 1,306 

disadvantaged, rural-dwelling participants in the United States, an intervention 

consisting of four home visits, resources and tailored newsletters had no overall effect 

on child fruit and vegetable intake at a 6 to 11 month follow-up [17].  

 

Given evidence of the efficacy of telephone-delivered interventions in improving adult 

dietary behaviours [18, 19], telephone interventions delivered to parents and targeting 

the home environment may represent an effective primary prevention strategy to 

enhance child fruit and vegetable intake. As such, the authors recently conducted a 

pre-post pilot trial, and reported a significant post-intervention increase in preschoolers’ 

fruit and vegetable consumption immediately following a four contact, telephone-based 

intervention [20]. On the basis of the pilot findings, and the broader telephone and 

health behaviour literature [19], the authors sought to test the longer-term efficacy of 

the intervention in an appropriately powered randomised controlled trial.   

 

The primary aim of the current study was to assess the efficacy of a telephone-based 

intervention for parents to increase the fruit and vegetable consumption of their 3 to 5 

year-old children. It was hypothesised that the change in children’s fruit and vegetable 
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scores i) from baseline to 2-months, and ii) from baseline to 6-months would be greater 

among intervention children relative to control. Given dietary patterns that include a 

high intake of fruits and vegetables have been associated with higher food costs [21], 

as an assessment of a possible adverse effect, an additional aim was to determine 

whether intervention participation was associated with an increase in reported weekly 

household food expenditure. 

 

Subjects and Methods 

Design Overview  

This trial employed a cluster randomised controlled design and was prospectively 

registered with the Australian New Zealand Clinical Trials Registry (ACTRN 

12609000820202) where all trial outcomes and subgroup analysis reported in this 

paper were pre-specified. The research was approved by the Human Research Ethics 

Committees of the University of Newcastle (H-2008-0410) and the Hunter New 

England Area Health Service (08/10/15/5.09). This paper reports the 2- and 6-month 

primary trial outcomes collected via telephone interview with parents. The methods 

used to conduct this trial have been published elsewhere [22] and are described briefly 

below. 

 

Participants  

Parents were recruited through preschools within four Local Government Areas of the 

Hunter region of New South Wales, Australia, using strategies found to be effective in 

increasing participation in child health research [23]. All non-government preschools 

were eligible to participate if they did not provide meals to children, did not exclusively 

cater for children with special needs, or had not been involved in healthy eating studies 

within the preceding 6 months. At preschools where the manager consented to 

participate, a research assistant, blind to preschool allocation, distributed study 

information and consent forms to parents as they dropped off or picked up their child. 

The consent form contained questions about the child’s usual fruit and vegetable 

consumption as well child gender, age and residential postcode. To assess bias due to 

selective non-participation, all parents were asked to complete these details on the 

consent form, even if they chose not to consent to participate in the study. Parents 

were eligible to participate if they: had a 3 to 5 year-old child who resided with them for 

4 or more days per week; were responsible for providing food to their child at least half 

of the time; had a child with no dietary requirements that would make Australian fruit 
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and vegetable intake recommendations unsuitable; and were literate in English. 

Recruitment took place from February to August 2010.  

 

Randomisation and Allocation  

Following the commencement of parent recruitment, a statistician not associated with 

the project used a random number function in Microsoft Excel to allocate preschools to 

the intervention or control group. Randomisation was carried out at the level of the 

preschool to reduce potential contamination from parents at the same preschool 

sharing intervention information or resources. Randomisation of preschools was 

stratified by socio-economic status based on the decile of disadvantage classification 

of the postcode area in which the preschool was located [24]. Preschools were 

randomised in a 1:1 ratio (intervention:control) in randomly sequenced blocks of 

between two and six preschools. Parents were informed of group allocation via a letter 

following baseline data collection. 

 

Experimental Group 

Intervention:  

Parents allocated to the intervention group received four telephone calls over a period 

of 4 weeks. Intervention participants were also mailed a series of instructional 

resources including a guidebook, a meal planner, cookbooks and a water bottle for all 

family members. A complete description of the intervention is provided in the trial 

protocol [22] and an overview of the intervention content and structure is provided in 

Table 5.2. Telephone-delivered interventions of a similar intensity have been previously 

shown to be effective in increasing adult health behaviours [25, 26].  
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Table 5.2. Intervention content, strategies and structure 

DOMAINS CONTENT 
BEHAVIOUR CHANGE 

TECHNIQUE  

APPLICATION OF 

BEHAVIOUR CHANGE TECHNIQUE 

• Dietary recommendations 

and serving sizes 

  

• Children’s food diary • Prompt self-monitoring 

of behaviour 

• Parents are encouraged to monitor their children’s intake of fruit, 

and vegetables over 3 days. 

• Ways to provide fruit and 

vegetables throughout the 

day 

  

Week 1 

 

Availability & 

Accessibility 

• Setting goals • Prompt specific 

goal-setting 

• Parents are encouraged to set a program goal. 

    • Changing the family routine • Prompt intention 

formation 

• Parents decide which activities they will attempt in the coming 

week. 

• Availability & accessibility 

of foods in the home 

• Provide general 

encouragement 

• Interviewers provide positive feedback about any helpful practices 

occurring in the home. 

• Mealtime practices • Teach to use prompts or 

cues 

• Parents learn the HELPS acronym, i.e. try to eat when Hungry, not 

attempting anything else at the same time (focus on Eating), at an 

appropriate Location to eat, from a Plate, and while Sitting. 

• Meal planning   

Week 2 

 

Availability & 

Accessibility, 

Supportive 

Family Eating 

Routines 
• Review of goals • Prompt review of 

behavioural goals 

• Parents review the goals they set during the previous calls and 

evaluate their progress. 
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DOMAINS CONTENT 
BEHAVIOUR CHANGE 

TECHNIQUE  

APPLICATION OF 

BEHAVIOUR CHANGE TECHNIQUE 

• The Ps and Cs division of 

feeding responsibility 

• Teach to use prompts or 

cues 

• Parents learn the Ps and Cs: Parents are encouraged to Plan, 

Prepare and Provide. Children are encouraged to Choose (whether, 

what and how much to eat) [27]. 

• Mealtime strategies to 

encourage vegetable 

consumption 

• Prompt intention 

formation 

• Parents decide which activities they will attempt in the coming 

week. 

 • Provide general 

encouragement 

• Interviewers provide positive feedback about any helpful practices 

occurring in the home. 

Week 3 

 

Parental role-

modelling, 

Supportive 

Family Eating 

Routines 
• Role-modelling of fruit and 

vegetable consumption 

• Prompt identification as 

a role-model 

 

• Parents are provided information about their importance in role-

modelling fruit and vegetable consumption. Their consumption is 

compared with national nutrition recommendations. Tailored 

feedback is provided. 

    • Review of weeks 1-3 

 

• Provide general 

encouragement 

• Interviewers provide positive feedback about any helpful practices 

occurring in the home. 

• Planning for the future and 

dealing with difficult 

situations 

• Prompt barrier 

identification 

 

• Parents are encouraged to identify barriers that will prevent them 

implementing what they have learnt and to generate solutions. 

Week 4 

 

Availability & 

Accessibility, 

Parental role-

modelling, 

Supportive 

Family Eating 

Routines 

• Review of goals • Prompt review of 

behavioural goals 

• Parents review their program goal, evaluate their progress and 

identify how they can maintain the change. 
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The intervention assumes that children’s fruit and vegetable consumption stems from 

the complex interaction between personal, cultural, and environmental factors and 

draws upon socio-ecological theory [28]. Specifically, the intervention utilised the 

conceptual model of family-based intervention proposed by Golan and Weizman [29] in 

the treatment and prevention of childhood obesity. This model focuses on introducing 

new familial norms associated with healthy eating. This is achieved through making 

changes within the home food environment, providing positive parental role-modelling 

and increasing knowledge and skills related to parenting and nutrition [29]. The 

intervention used a range of behaviour change techniques as classified in the 

taxonomy proposed by Abraham and Michie [30] to encourage parents to make such 

changes (see Table 5.2). These techniques included goal setting, behavioural self-

monitoring, intention formation, use of prompts or cues, and reviewing behavioural 

goals [30]. The calls focused on: increasing fruit and vegetable availability and 

accessibility in the home, increasing parental role-modelling of fruit and vegetable 

consumption, and enhancing supportive food routines around the home, such as eating 

dinner as a family, without the television on. The calls were scripted and delivered 

using computer assisted telephone interview (CATI) [31] software. Participants had to 

complete each call before progressing to the next, that is, no intervention calls could be 

skipped. All participants received information relating to each intervention content area 

(Table 5.2). Within content areas, however, the information provided was tailored 

based on assessments made during baseline data collection or earlier intervention 

calls regarding the participant’s home food environment, parenting or dietary practices. 

For example, to facilitate role-modelling, parents already regularly consuming fruit and 

vegetables in front of their children (based on baseline assessment) were 

congratulated and encouraged to maintain this behaviour. Parents not routinely 

modelling consumption of these foods, however, were given the opportunity to set a 

goal to work towards achieving this over the next week and were provided with 

strategies to assist with goal attainment. Parents could be offered between one and 

four activities to undertake between calls. Data from the pilot trial suggested that 

parents actively engaged in these tasks [20].  

 

The scripts and the resources were extensively pre-tested and piloted [20]. Five 

experienced health interviewers with no formal qualifications in nutrition or psychology, 

and not blind to participant allocation, delivered the scripted telephone support. 

Interventionists received 2 days of training in script delivery and associated nutrition 

and parenting issues from an accredited practising dietitian, a psychologist specialising 

in parenting, and health promotion practitioners, and were then required to complete an 
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additional 10 hours of delivery practice. For the duration of the intervention delivery 

period (April to December 2010), interventionists participated in fortnightly group 

supervision sessions with a psychologist specialising in parenting to ensure that any 

arising issues were dealt with in an appropriate and standardised manner. Members of 

the research team monitored each interventionist multiple times throughout the 

intervention delivery period to assess adherence to the intervention protocol. 

 

Control:  

Parents allocated to the control group were mailed the ‘Australian Guide to Healthy 

Eating’, a 22-page booklet outlining the dietary guidelines and ways to meet them [32]. 

They received no further contact until the 2-month follow-up data collection call.  

 

Data Collection and Blinding 

All data collection occurred via CATI using trained telephone interviewers. Participants 

could be contacted on landlines or mobile numbers and were called approximately 1 

week following recruitment to complete the baseline survey, and then approximately 2- 

and 6-months later for follow-up data collection. The 2-month time period was chosen 

in order to minimise variability in the length of the first follow-up, with 2-months 

considered to be a sufficient period for the majority of intervention group participants to 

have completed their four intervention calls, taking into consideration potential 

interruptions to the call schedule such as school holidays, child sickness and variable 

work and family commitments. The 6-month follow-up was chosen as a sufficient test 

of the short-term maintenance of intervention effect. At each time-point, data collectors 

attempted to contact participants for a 2-month period, and if the call could not be 

completed, contact was attempted again at the subsequent follow-up point. The 

baseline survey was conducted from April to October 2010. Parents were instructed to 

complete the baseline and follow-up surveys with respect to their preschool-aged child. 

If they had more than one child aged 3 to 5 years, they were instructed to select the 

child who would have the next birthday. Data collectors received 4 hours of training in 

script delivery and during the data collection periods were regularly monitored by 

members of the study team in order to ensure standardised survey delivery across 

data collectors. Data collectors were blind to group allocation. To assess whether 

blinding was maintained, following collection of follow-up trial outcomes, the CATI 

system prompted the data collector to nominate the group to which they thought the 

participant had been allocated. The proportion of times data collectors correctly 

identified group allocation at each time point was calculated. 
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Measures 
Participant Characteristics 

Information regarding parent and child characteristics was collected from the consent 

form and the baseline CATI. The consent form included questions about child gender, 

age and postcode, and two items that assessed the child’s usual daily intake of fruit 

and vegetable servings. These items were included to allow for comparison between 

those who did and did not consent to study participation. During the CATI, participants 

were asked their age, gender, annual household income, highest level of education, 

whether they identified as Aboriginal and/or Torres Strait Islander, the number of 

children in their household, and the number of servings of fruit and vegetables they 

consumed daily. Participants also reported their child’s date of birth, gender and 

whether their child identified as Aboriginal and/or Torres Strait Islander.  

 

Child Fruit and Vegetable Intake  

Children’s fruit and vegetable intake was the primary trial outcome and was assessed 

at baseline and 2- and 6-month follow-up using the Fruit and Vegetable subscale (F&V) 

of the Children’s Dietary Questionnaire. The subscale has been established as reliable 

(Test-retest ICC = 0.75) in samples of 39 children aged 4 to 5 years and 92 children 

aged 5 to 16 years, and established as valid as compared to a 7-day checklist 

(Spearman correlation co-efficient = 0.58) in samples of 126 children aged 5 to 6 years 

and 132 children aged 5 to 10 years [33]. Preliminary assessment using data from a 

sample of 126 children aged 5 to 10 years indicated the subscale demonstrated the 

ability to detect change in the hypothesised direction (Wilcoxon signed rank test, 

p<0.001) [33].   

 

The scale requires parents to report the frequency and variety of fruit and vegetables 

consumed by their child over the past 24 hours and past 7 days. Scores on this scale 

can range from 0 to 28 with a score of 14 or above indicating that the child is meeting 

Australian Dietary Guidelines [33]. An increase in the score could arise from a range of 

changes to children’s fruit and vegetable consumption patterns, for example, a one-

point increase could result from eating an additional type of fruit or vegetable, or eating 

fruit or vegetables at an additional occasion in the previous 24 hours.  

 

Food Expenditure 

Participants were asked at baseline and each follow-up to estimate their average 

weekly household expenditure on food; “On average, how much do you spend on food 

for your household each week?  This includes foods you buy from the supermarket as 
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well as any foods you buy and eat outside the home, for example, takeaway, 

restaurant meals, lunches.” The psychometric properties of this item are unknown.  

  

Process Measures 

i) Intervention fidelity: The number of intervention calls completed by participants was 

automatically recorded by the CATI system. During the monitoring of intervention calls, 

members of the research team used a checklist to record whether the interventionist 

discussed the key topics of each call (e.g. serving size recommendations) and the 

extent to which they delivered the script as per the protocol (always, mostly, 

sometimes, rarely, or never).  

 

ii) Data collection: The CATI system automatically recorded the date, time, and 

outcome of each data collection call attempt. The proportion of times data collectors 

correctly identified participants’ group allocation at each time point was calculated.  

 

Sample Size Calculation 

The sample size allowed a detectable difference between intervention and control F&V 

scores of 1.27 (equivalent to a change of 0.25 of a standard deviation) with 80% power 

at the 0.05 significance level. Assuming an intraclass correlation coefficient of 0.03 

(unpublished data from Good for Kids. Good for Life, Australia’s largest childhood 

obesity prevention program [34]), it was calculated that recruiting 400 parents from 30 

preschools would achieve the desired sample of 300 participants (150 per group) at the 

final follow-up data collection at 18 months. 

 

Analysis 

All statistical tests were performed in SAS Version 9.2 statistical software (SAS 

Institute Inc., Cary, NC, USA). Descriptive statistics were used to describe the study 

sample and process measures. Data were analysed using an intention-to-treat 

approach, whereby all participants were analysed based on the group to which they 

were allocated. For the analyses of F&V scores at follow-up, a linear regression model 

within a Generalised Estimating Equation (GEE) framework was used to account for 

clustering by preschool. The GEE accounts for clustering by weighting each cluster 

inversely to its variance matrix, which is a function of the within-cluster dependence 

[35]. Children’s F&V score at baseline was included as a covariate. Significance testing 

was performed with an alpha level of 0.05. Determination of intervention efficacy was 

based on an a priori specified analysis using all available data [22].  This main analysis 

compared intervention and control F&V scores at 2 months and at 6 months, and 
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assumed any missing data at follow-up were missing at random and included all 

participants with complete baseline and 2-month, and baseline and 6-month data 

respectively. Little’s test was performed to determine whether the missing data were 

missing completely at random (MCAR) [36]. A sensitivity analysis, specified a priori, 

was undertaken to ensure the findings of the main analysis were robust against the 

missing data assumptions of the GEE. This involved imputing missing data at the 2- or 

6-month follow-up using baseline observation carried forward. A per-protocol analysis 

was also undertaken where only intervention participants who had received all four 

telephone calls were included. When conducting randomised trials, both sensitivity and 

per protocol analysis are recommended to aid interpretation of the trial outcome [37]. A 

subgroup analysis was also conducted. The sample was divided into two subgroups, 

those whose children were, and those whose children were not meeting national 

dietary guidelines for fruit and vegetable consumption at baseline (i.e. a baseline F&V 

score greater than or equal to 14, or less than 14), and a GEE model was fitted which 

included a subgroup by experimental group interaction. Changes in reported food 

expenditure at 2 and 6 months were also assessed using a GEE model adjusting for 

baseline values, using participants with no missing data at 2 and 6 months respectively 

on this measure.  

 

Results 

Participant Characteristics 

Children from approximately 2,200 families attended the 30 eligible and consenting 

preschools. In total, 418 parents returned a signed consent form indicating a 

willingness to participate, 394 of who completed the baseline telephone survey and 

were included in the study. One hundred and seventy eight parents did not consent to 

participate but returned a form with completed demographic details. Figure 5.2 outlines 

preschool and participant flow through the trial. 
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Figure 5.2: CONSORT diagram showing cluster (preschool) and participant 
(parent) flow through the trial 

 
# Although 418 parents consented, 24 parents did not participate because they were subsequently 

uncontactable (n=5), did not meet inclusion criteria (n=9), or refused to complete the baseline survey when 

contacted (n=10) 

* 2 parents excluded from 2-month analysis as they had been away from their child for the past 24 hours 

and/or past 7 days, and were unable to answer questions about their child’s fruit and vegetable 

consumption. 
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The characteristics of participants allocated to the intervention and control groups were 

similar (Table 5.3). There were no significant differences in child age, gender or daily 

intake of fruit or vegetables between the children of study participants and the children 

of the 202 parents who either did not consent or who initially consented but did not 

complete the baseline survey. When compared to a random sample of parents of 3 to 5 

year-olds from the broader study region, participants in the current study had higher 

levels of education (47% vs 36% with tertiary education) and higher household income 

(41% vs 20% ≥ $100,000) [38]. The proportion of the children consuming at least one 

daily fruit serving in the current sample was similar to a random sample of 2 to 4 year-

old children in broader region (96% vs 96%), but more children in the study sample 

were consuming two or more servings of vegetables each day (65% vs 48%) [39].   

 

Table 5.3. Characteristics of the 394 participants who completed baseline by 
group. 

PARENT AND CHILD DEMOGRAPHICS 

 

CONTROL 

N=186 

INTERVENTION 

N=208 

 MEAN±SD / % MEAN±SD / % 

Parent Demographics   

Age (years) 35.7±5.0 35.2±5.6 

Gender (female) 96.8% 95.2% 

Household income ≥ $100,000 40.2% 42.4% 

University education 49.5% 45.2% 

Aboriginal and/or Torres Strait Islander 3.2% 1.0% 

Number of children (<16 years) in 

household 

2.3±0.7 2.3±0.8 

Daily servings of fruit 1.8±1.0 1.8±1.1 

Daily servings of vegetables 3.1±1.3 3.3±1.3 

Child Demographics   

Age (years) 4.3±0.6 4.3±0.6 

Gender (female) 45.7% 51.0% 

Aboriginal and/or Torres Strait Islander 4.8% 1.0% 

Daily servings of fruit* 2.2±1.0 2.3±1.0 

Daily servings of vegetables* 2.0±1.2 2.1±1.1 

* Information taken from consent form 

Between-group differences at baseline were tested (χ2 tests for categorical data, t-tests for continuous 

data, p<0.05) and there were no significant differences between the intervention and control groups.  

 

In total, 86% and 84% of participants allocated to the intervention, and 96% and 91% 

of participants allocated to the control group provided 2- and 6-month follow-up data 
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respectively. There were no significant differences in the demographic or baseline fruit 

and vegetable intake between intervention group participants who completed and who 

did not complete the 2- or 6-month follow-up surveys. Among the control group, 

participants who did not complete the 6-month follow-up consumed more vegetable 

servings per day (3.8 vs 3.0, p=0.013) at baseline and were less likely to have a tertiary 

education qualification (24% vs 52%, p=0.025) than control participants who provided 

6-month data.  

 

Child Fruit and Vegetable Intake  

Analysis revealed that the mean F&V subscale scores were significantly higher in the 

intervention compared to the control group at both the 2-month and 6-month follow-up 

(Table 5.4).  Little's test (χ2 = 15.233, 2 df, p<0.001) [36] was significant, suggesting 

that group allocation and children's fruit and vegetable score at baseline predicted 

missing data at follow-up. In the sensitivity analysis, the intervention effect remained 

significant when children’s F&V scores at baseline were carried forward for missing 

data at the 2-month follow-up, and although the effect approached significance when 

such values were carried forward at the 6-month follow-up, the effect was not 

significant (Table 5.4). Per-protocol analysis revealed that intervention participants who 

completed all four intervention calls had significantly higher F&V subscale scores than 

control participants at 2-months and 6-months (Table 5.4). The subgroup analysis 

comparing children who did and did not meet the dietary guidelines at baseline found 

that the subgroup by experimental group interaction term was not significant.
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Table 5.4. Intervention and Control Fruit and Vegetable (F&V) subscale scores (mean±standard error) at baseline, 2- and 6-months  

ANALYSIS TIME POINT 
CONTROL 

MEAN±SEM 

INTERVENTION 

MEAN±SEM 

REGRESSION COEFFICIENT* 

(95% CI) 
P-VALUE 

Main analysis Baseline (n=394) 14.5±0.4 15.0±0.3   

 2 month (n=357) 15.4±0.3 17.0±0.3 1.28 (0.54,2.03) <0.001 

 6 month (n=343) 15.9±0.3 17.0±0.3 0.80 (0.12,1.49) 0.021 

Sensitivity analysis Baseline (n=394) 14.5±0.4 15.0±0.3   

 2 month (n=394) 15.3±0.3 16.6±0.3 0.98 (0.26,1.70) 0.008 

 6 month (n=394) 15.8±0.2 16.7±0.2 0.59 (-0.05,1.22) 0.069 

Per Protocol analysis Baseline (n=367) 14.5±0.4 15.2±0.4   

 2 month (n=351) 15.4±0.3 17.1±0.3 1.34 (0.59,2.10) <0.001 

 6 month (n=334) 15.9±0.3 17.1±0.3 0.87 (0.17,1.56) 0.014 

* Adjusted for baseline F&V scores 

Data were analysed using a GEE framework, adjusted for children’s F&V score at baseline and clustering within preschools (p<0.05).
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Food Expenditure 

At the 2-month follow-up, the estimated weekly food expenditure in intervention 

households was significantly lower than control households, adjusting for the baseline 

values, and at 6-months there was no significant difference as shown in Table 5.5. 

 

Table 5.5. Intervention and control estimated weekly food expenditure 
(mean±standard error) at baseline, 2- and 6-months 

ESTIMATED 

WEEKLY FOOD 

EXPENDITURE 

CONTROL 

MEAN±SEM 

INTERVENTION 

MEAN±SEM 

REGRESSION 

COEFFICIENT*  

(95% CI) 

P-VALUE 

Baseline (n=392) $234±3 $241±7   

2 month (n=358) $252±5 $235±5 -$20 [-$32,-$8] <0.001 

6 month (n=342) $246±5 $245±7 -$5 [-$17,$7] 0.426 

* Adjusted for baseline expenditure 

Data were analysed using a GEE framework, adjusted for weekly food expenditure baseline at baseline 

and clustering within preschools (p<0.05).  

 

Process Measures:  

i) Intervention Fidelity 

Of the 208 participants allocated to the intervention, 87% completed all four 

intervention calls. There were no significant differences in parent or child demography 

or baseline fruit and vegetable consumption between those who completed all 

intervention calls (n=181) and those who did not (n=27). Sixteen participants did not 

complete the first call, six participants only completed the first call, four completed the 

first two calls, and one participant completed three calls.  The mean duration of all 

intervention calls was 29 minutes (34, 30, 26 and 28 minutes for calls 1 to 4 

respectively). In total, 44 intervention calls were monitored, representing 6% of all 

completed calls and an average of nine calls per interventionist. Across all monitored 

calls, interventionists covered 97% of key content areas, and in over 80% of calls they 

‘rarely’ deviated from the script. In instances where calls deviated from the script, 

interventionists were provided with feedback immediately following the call, and the 

issue was raised during fortnightly supervision. 

 

ii) Data Collection  

On average, 74 days (2.4 months) elapsed between baseline and the scheduled 2-

month data collection call, and an average of 198 days (6.5 months) elapsed between 

baseline and the scheduled 6-month call and there were no differences between 
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groups in the time elapsed from baseline to either follow-up point. At the conclusion of 

the 2- and 6-month follow-ups, data collectors correctly identified participants’ group 

allocation in 59% (p<0.001) and 56% (p=0.027) of cases respectively, which 

represents slightly more cases than would be expected by chance. In accordance with 

the study protocol, 43 data collection calls (4%) were monitored across the three time 

points, and in every instance, interviewers delivered the questions as per the protocol 

‘all’ or ‘most of the time’. 

 

Discussion 
This is the first randomised controlled trial of a telephone-based primary prevention 

intervention to increase fruit and vegetable consumption in preschool-aged children. 

Analysis using all available data revealed that children whose parents were randomly 

allocated to receive four weekly scripted support calls plus printed nutrition material 

had higher fruit and vegetable scores at 2- and 6-months post-baseline compared to 

children whose parents were randomly allocated to receive printed nutrition material 

alone. The sensitivity analysis, which adopted a conservative imputation approach 

(baseline observation carried forward), found a significant intervention effect at 2-

months, which approached but did not reach significance at 6-months. The effect of the 

intervention did not vary between children who were and were not meeting fruit and 

vegetable dietary guidelines at baseline. Furthermore, increases in child fruit and 

vegetable scores did not coincide with increases in household expenditure on food, 

suggesting that the intervention did not pose any additional financial burden on 

families. Although not in the anticipated direction, the short-term decrease in the 

expenditure of the intervention group could be the result of provision of information 

during the intervention calls regarding: shopping on a budget; the comparable 

nutritional value of cheaper alternatives to fresh fruit and vegetables (e.g. canned or 

frozen); and advice to buy fresh produce when in season and on special. 

 

The findings are promising given the limited effectiveness of interventions attempting to 

increase young children’s fruit and vegetable consumption. The only randomised 

controlled trial of an intervention that explicitly targeted the home food environment to 

encourage fruit and vegetable consumption of preschool children failed to increase fruit 

and vegetable consumption overall, but increased intake among a subsample of 

normal-weight children [17]. The intervention, which also consisted of four intervention 

contacts, was delivered via home visits to a sample of predominantly disadvantaged 

families (20-25% university educated, 50-60% with an annual household income 
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<$35,000) [17]. The contrasting findings may reflect the difficulties experienced by 

socio-economically disadvantaged parents, relative to the current sample, in increasing 

child fruit and vegetable intake. While the impact of this telephone-based intervention 

on children from disadvantaged families is not known, more intensive telephone-based 

support which is considerate of the distinct challenges of disadvantaged families 

(including cost, work schedules, lack of time, and lack of skills and confidence [40-42]) 

may maximise the potential effectiveness and acceptability of a telephone-based 

approach to such parents. Nonetheless, the results are consistent with the pilot study 

[20] and with systematic reviews finding strong evidence of the efficacy of adult dietary 

interventions delivered by telephone [19, 43].  

 

Given the positive trial findings, the research has a number of important public health 

implications. First, the intervention was relatively brief, scripted, and delivered by non-

specialist staff. Such attributes suggest that the intervention could easily be integrated 

into existing telephone support services [44] and may be relatively inexpensive 

compared with services utilising specialist health professionals for the provision of child 

nutrition support. Second, the intervention had high retention rates (87%), and has 

previously been found to be acceptable to parents [20], suggesting broad appeal of this 

form of support. Finally, the intervention was delivered using a modality that affords 

almost population-wide access in the developed world [45]. As such, the intervention 

has the potential to overcome barriers to parent use of traditional support services such 

as conflicting or inflexible schedules, time constraints and transport difficulties [41, 46], 

particularly those barriers faced by rural and socio-economically disadvantaged 

households [41], and should be tested with a more disadvantaged sample. Collectively, 

such research suggests that the telephone-based intervention may represent an 

appealing policy option for governments or other health agencies to improve public 

health nutrition and reduce future chronic disease. 

 

Strengths of this study include the experimental design, the standardisation of 

intervention delivery (via scripted dialogue appearing on computer screens), and 

consideration of unintended cost effects of the intervention. There are, however, a 

number of study limitations that warrant consideration. The sample included 

participants that were, on average, more educated and had higher household income 

than a random sample of parents within the study region, and as such, further 

investigation examining intervention effectiveness in more disadvantaged populations 

is recommended. Furthermore, the generalisability of the findings may be limited by the 

higher proportion of children sampled who were consuming the recommended number 
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of daily vegetables servings at baseline, compared to the broader study area. The 

subgroup analysis, however, suggested that there was no significant difference in 

intervention efficacy for children consuming high, as compared with low, levels of fruit 

and vegetables at baseline. As is common in trials of behavioural interventions [47] 

parent participants in this trial were unblinded and the primary outcome measure was 

subjectively assessed by parent-report, increasing the risk of a biased assessment of 

intervention effect [48]. Furthermore the primary outcome was assessed using a food 

frequency questionnaire. While this tool represented the only measure of fruit and 

vegetable consumption available to the research team that had been validated on a 

sample of Australian preschool children [33, 49], a more comprehensive method of 

dietary assessment such as food records or 24-hour recall may have yielded more 

accurate assessments of intake [50] and allowed for more meaningful comparison with 

other studies. Finally, by the end of each survey, outcome assessors were 6-9% more 

likely than chance to correctly identify the group to which participants were allocated, 

potentially increasing the risk of detection bias [48].  

 

A number of opportunities for further research exist. Although the analysis using all 

available data revealed a significant intervention effect at both 2- and 6-month follow-

up, the sensitivity analysis fell short of significance at 6 months. Research is therefore 

required to confirm these findings. While the presence of a short-term intervention 

effect is encouraging, further investigation to determine whether the effect is 

maintained in the longer term is also warranted. Research into the optimal schedule of 

telephone contacts could increase the efficiency of the intervention by determining the 

maximum effect that can be obtained for a given level of resources. Investigating the 

characteristics of the home food environment that mediated the relationship between 

the intervention and dietary behaviour (for example, parent knowledge, self-efficacy, 

fruit and vegetable availability) would also allow a greater understanding of the causal 

pathways, further intervention refinement, and may result in greater efficiencies in 

intervention delivery [51]. Notwithstanding the study limitations, and the value of further 

research in this area, the study represents an important contribution to the scientific 

literature regarding public health interventions addressing childhood fruit and vegetable 

consumption.  
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Chapter Summary 
Inadequate consumption of fruit and vegetables has been linked to an increased risk of 

chronic diseases including cancer [1] and cardiovascular diseases [2-5] and is 

responsible for considerable burden of disease [6]. This has led to calls for 

governments and non-government organisations to take action to increase fruit and 

vegetable consumption [7-10]. Interventions to increase children’s fruit and vegetable 

intake may be of particular importance given that: dietary preferences are established 

in early childhood [11]; childhood fruit and vegetable consumption is protective against 

chronic diseases in adulthood [12, 13]; and childhood diet influences the consumption 

patterns of adulthood [14, 15], which are in turn associated with chronic disease risk 

[16]. This thesis sought to investigate strategies to increase fruit and vegetable 

consumption among preschool children. The findings from the papers that comprise 

the thesis are described below and a discussion of the implications of the findings for 

future research and practice follows. 

 

Chapter 2: A systematic review of interventions for increasing fruit and vegetable 
consumption in children aged up to 5 years 

This chapter consisted of a systematic review of randomised controlled trials of 

interventions to increase fruit and vegetable consumption in children aged 0 to 5 years. 

CENTRAL, MEDLINE, EMBASE, CINAHL, PsycINFO, electronic bibliographic and 

dissertation databases and electronic trial registers were searched, and three 

international nutrition journals and the reference lists of included trials were reviewed in 

order to identify eligible randomised controlled trials. Two independent reviewers 

screened the titles and abstracts of identified papers and two independent reviewers 

extracted data and assessed the risk of bias of the included studies. A third reviewer 

resolved disagreements between the independent reviewers. Five trials, with 13 trial 

arms and 3,967 participants were included in the review [17-21].  

 

Given the small number of included studies, the heterogeneity of the interventions, and 

the variability in assessment methods, limited conclusions could be drawn regarding 

the characteristics of effective interventions. Meta-analysis of two trials of exposure-

based interventions found no significant increase in short-term consumption of a target 

vegetable (MD: 1.37, 95% CI: -2.78-5.52), although one trial demonstrated that 

exposure paired with reward was effective in increasing consumption. Home visiting 

programs provided to disadvantaged groups did not significantly increase overall fruit 

intake in the short term (SMD: 0.01, 95% CI: -0.01-0.11). A multi-component 

preschool-based intervention failed to significantly increase children’s vegetable 
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consumption, but a small significant increase in children’s fruit consumption was 

reported 6 months following baseline assessment. The review found no strong 

evidence in support of any of the included intervention approaches and identified 

opportunities for additional intervention research within this age group. 

 

Chapter 3: Associations between characteristics of the home food environment 
and preschool children’s fruit and vegetable consumption 

Systematic reviews suggest that characteristics of the home food environment 

including the availability and accessibility of fruit and vegetables (the physical 

environment) and parental modelling and intake (the socio-cultural environment) are 

associated with the fruit and vegetable consumption of school-aged children [22-24]. 

Given developmental differences between children of school- and of preschool-age 

[25] and differences in the amount of time they spend in the home setting, additional 

research was required to assess whether these associations were present among 

younger children. This chapter described the results of a cross-sectional study 

examining the relationship between characteristics of the home food environment and 

fruit and vegetable consumption in a sample of preschool children. A cross-sectional 

telephone survey was conducted with 396 parents of 3 to 5 year-old children attending 

preschools within the Hunter region, New South Wales, Australia. Associations were 

investigated between children’s fruit and vegetable intake and characteristics of the 

home food environment including parental role-modelling, parental providing 

behaviour, fruit and vegetable availability, fruit and vegetable accessibility, pressure to 

eat, family eating policies and family mealtime practices. Characteristics which were 

associated with children’s fruit and vegetable consumption in simple regression models 

were entered into a backwards stepwise multiple regression analysis using generalised 

linear mixed models and controlling for parental education, household income, and 

child gender.  

 

The multiple regression analysis found positive associations between children’s fruit 

and vegetable consumption and parental fruit and vegetable intake (p=0.005), fruit and 

vegetable availability (p=0.006) and accessibility (p=0.012), the number of occasions 

each day that parents provided their child with fruit and vegetables (p<0.001), and all or 

most of the time allowing children to eat only at set meal times (p=0.006). Combined, 

these characteristics of the home food environment accounted for 48% of the variation 

in the child’s fruit and vegetable score.  
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Identifying environmental characteristics that are associated with higher fruit and 

vegetable consumption is necessary to determine appropriate targets for interventions 

within the home setting. This study identified a range of modifiable characteristics 

within the home food environment that are associated with fruit and vegetable 

consumption among preschool children. Findings suggest that targeting the availability 

and accessibility of fruits and vegetables in the home, parental role-modelling and 

provision of these foods, and having structured meal and snack times may facilitate 

increased fruit and vegetable intake among preschoolers. 

 

Chapter 4: Pilot study of an intervention to increase fruit and vegetable 
consumption in preschool children 

This chapter investigated the potential efficacy of a brief parent intervention, consisting 

of four telephone calls and written nutrition materials, in increasing fruit and vegetable 

consumption in children aged 3 to 5 years. The feasibility of intervention delivery and 

acceptability to parents was also assessed. The intervention was developed to support 

parents to change the home food environment in ways that are hypothesised to 

facilitate increased fruit and vegetable consumption in their child. Involving parents is a 

key component of successful interventions to increase children’s fruit and vegetable 

consumption [26], yet engaging parents can be challenging [27]. Telephone-based 

interventions may represent a feasible alternative to traditional ways of accessing 

parents such as face-to-face group intervention.   

 

Thirty-four parents were recruited to this pre-post study through four preschools 

located in the Hunter region of New South Wales. Participants received four 30-minute 

intervention telephone calls over 4 weeks delivered by trained telephone 

interventionists. The scripted support calls focused on fruit and vegetable availability 

and accessibility within the home, parental role-modelling of fruit and vegetable 

consumption, and implementing supportive family eating routines. Telephone surveys 

were conducted approximately 1 week prior to and following intervention delivery and 

fruit and vegetable consumption was assessed using a subscale of the Children’s 

Dietary Questionnaire, previously determined to be valid and reliable in samples of 

Australian children [28]. 

 

Children’s scores on the fruit and vegetable subscale had significantly increased at the 

follow-up assessment (p=0.027). Post-hoc analyses provided evidence of intervention 

efficacy among children from lower socio-economic backgrounds, and among those 

who were not meeting the dietary guidelines for fruit and vegetable consumption. The 
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intervention was feasible to deliver to parents as all participants who started the 

intervention completed all four calls, and aspects of the intervention calls, including the 

number, length, content, format and relevance, were considered acceptable by over 

90% of parents. Furthermore, the results suggest that interventionists with no formal 

qualifications in nutrition, psychology or parenting could successfully deliver the 

intervention. 

 

Chapter 5a) and 5b): A cluster randomised controlled trial of a telephone-based 
parent intervention to increase preschoolers’ fruit and vegetable consumption 

Given the promising findings of the pilot trial, an adequately powered, cluster 

randomised controlled trial was conducted to assess the efficacy of this telephone-

based parent intervention in increasing the fruit and vegetable consumption of children 

aged 3 to 5 years. The first part of Chapter 5 consisted of the published protocol 

detailing how the trial was conducted. The second part of the chapter described the 2- 

and 6-month trial results.  

 

Subjects were 394 parents of children aged 3 to 5 years recruited through 30 

preschools in the Hunter region. Parents allocated to the intervention received printed 

resources plus four 30-minute telephone calls targeting aspects of the home food 

environment that are associated with children’s fruit and vegetable consumption [22-

24]. Parents allocated to the control group received generic printed nutrition 

information. Children’s fruit and vegetable consumption was assessed using the fruit 

and vegetable subscale of the Children’s Dietary Questionnaire [28] which was 

administered via telephone interview at baseline and 2- and 6-months later. 

Intervention and data collection calls were monitored to ensure that intervention fidelity 

and standardisation of data collection were maintained.  

 

Analysis of all the available data showed that fruit and vegetable scores were 

significantly higher among intervention children compared to control children at 2- 

(p<0.001) and 6-months (p=0.021). A sensitivity analysis, which imputed missing data 

using the baseline observation carried forward approach, revealed a significant effect 

at 2-months (p=0.008) and an effect approaching but not reaching significance at 6-

months (p=0.069). Furthermore, this change was achieved without a corresponding 

increase in the estimated weekly food expenditure of the intervention group, indicating 

there was no adverse financial outcome resulting from intervention participation. This 

randomised controlled trial provides quality evidence of the efficacy of a telephone-

based parent intervention that may have promise in increasing the fruit and vegetable 
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consumption of a previously under-researched group of children. If shown to have 

sustained efficacy, this intervention may represent an appealing option for health 

agencies to improve public health nutrition and reduce future chronic disease. 

 

Implications for Research and Practice 
The aim of this thesis was to investigate strategies to increase fruit and vegetable 

consumption in preschool-aged children by: reviewing the evidence for existing 

interventions; identifying characteristics of the home food environment that are 

associated with high levels of consumption; and evaluating an intervention to increase 

preschoolers’ consumption of fruit and vegetables. The thesis findings have a number 

of implications i) for further research into telephone-based fruit and vegetable 

interventions, ii) for public health nutrition research more broadly, and iii) for public 

health policy makers and practitioners tasked with reducing the burden of disease 

associated with inadequate fruit and vegetable intake.  

 

i) Telephone-Based Fruit and Vegetable Interventions 

Mechanisms of Intervention Effect 

Given evidence of short-term intervention efficacy, research is warranted to better 

understand how the intervention improved children’s fruit and vegetable consumption. 

Mediation analysis identifies the mechanisms by which one variable influences another 

[29] and provides a link between the theory or framework upon which an intervention is 

based, the proposed mediating processes, and the success or failure of an intervention 

[30]. The identification of mediating processes facilitates the development of more 

effective interventions by isolating effective components that should be retained and 

ineffective components that can be removed [31]. This can reduce costs and improve 

intervention efficiency [32].  

 

Although recommended as an important aspect of intervention research [33, 34], 

intervention mediators (though implicit in many interventions) are often poorly 

described and are rarely tested [30]. No studies involving preschool children, for 

example, were included in two recently published systematic reviews of the mediators 

of dietary interventions targeting children [35, 36]. Review authors reported that the 

included studies were only of moderate quality, limited in size, and often used tools 

with unknown validity and reliability that were not sufficiently sensitive to detect a 

mediating effect [35]. Such methodological limitations of mediation studies with older 

children and the dearth of mediation studies with younger children are significant 



CHAPTER 6: Thesis Summary and Implications 

 161 
 

barriers to understanding the mechanisms by which interventions may positively 

influence children’s dietary habits. A quality mediation analysis of an efficacious fruit 

and vegetable intervention for preschoolers would therefore represent a novel and 

important contribution to public health nutrition research and practice. 

 

The intervention supported parents to increase the availability and accessibility of fruit 

and vegetables in the home, increase parental role-modelling, and create supportive 

family food routines. The selection and inclusion of these characteristics was based on 

the findings of previous cross-sectional and non-interventional longitudinal studies [22-

24]. It is therefore unknown whether the changes in the characteristics of the home 

food environment identified in Chapter 3 contributed to the increases in fruit and 

vegetable consumption reported in Chapters 4 and 5. The experimental design and 

sample size of the trial reported in Chapter 5 make the trial data potentially amenable 

to a mediation analysis to investigate such a hypothesis. Notwithstanding the 

limitations acknowledged above, a mediation analysis of this telephone-based 

intervention would be valuable in informing the development and refinement of future 

interventions delivered by telephone. Although the cross-sectional findings of Chapter 

3 and the experimental findings of the randomised controlled trial provide support for 

Rosenkranz's model linking child diet to the home food environment [37], a mediation 

analysis would provide stronger support for this model and is recommended. 

 
Maintenance of Intervention Effects 

Chapter 5 investigated the short-term efficacy (2- and 6-months post-baseline) of the 

telephone-based intervention. However, in order to achieve long-term health benefits, 

short-term dietary improvements must be maintained. Long-term assessment is 

relatively novel within this limited field of intervention research, with none of the studies 

included in the systematic review (Chapter 2) assessing intervention effects at or 

beyond 12-months post-intervention. Longer-term assessment of the participants of the 

randomised trial (Chapter 5) is therefore warranted and would represent an important 

contribution to the field.  

 

Intervention effects typically attenuate over time [38] and the decrease in the effect size 

from the 2-month to the 6-month assessment suggests that this may be occurring in 

the randomised controlled trial (Chapter 5). Strategies that help maintain intervention 

effects are important to maximise the long-term benefit of public health interventions. 

Despite this, maintenance strategies are rarely investigated. A recent systematic 

review of physical activity and dietary interventions among adults, for example, found 
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that only 35% of trials reported maintenance outcomes3 [39]. The review concluded 

that interventions were more successful at maintaining behaviour change when: the 

intervention period lasted for more than 24 weeks; the intervention included a greater 

number of contacts; follow-up prompts were included; and when more than six 

behaviour change strategies were used [39].  

 

Recent technological advancements [40] and increases in mobile phone ownership 

[41, 42] have resulted in opportunities to incorporate maintenance strategies into 

telephone-based interventions without substantially increasing the burden to 

participants. Text messaging is one such opportunity. A review of interventions 

delivered via text message found this modality to be effective in improving a variety of 

adult health behaviours [43] and could therefore be used to deliver recommended 

maintenance strategies, such as multiple contacts over extended periods and 

behavioural prompts [39]. For example, as an adjunct to verbal telephone-based 

contact, text messaging may be used to provide participants with additional ‘booster’ 

contacts at a very low cost [44]. Booster texts could also be used to remind participants 

of the intervention’s main messages or their personal goals, provide motivational 

messages or prompt behaviour during periods where the risk of behavioural relapse 

may be high. While this delivery format may be appealing to busy parents [45] and may 

be an effective way of engaging hard-to-reach parents [43], the use of such technology 

to increase the fruit and vegetable consumption of young children has not yet been 

tested (Chapter 2). 

 

ii) Implications for Public Health Nutrition Research  

Establishing the Clinical Significance of Dietary Change 

The pilot study (Chapter 4) and the randomised controlled trial (Chapter 5) found 

statistically significant increases in children’s fruit and vegetable scores following their 

parents’ participation in a four contact telephone intervention. However, the extent of 

the health benefits associated with participation in this and other fruit and vegetable 

interventions is unclear given the uncertainty regarding the clinical significance of 

dietary changes in children [46, 47]. Relatively small, sustained intervention effects, 

across a large number of children, have the potential to generate important reductions 

in disease risk at a population level [48]. However, assessment of the clinical 

significance of dietary interventions in early life requires quantification of the reduction 

                                                

3 ‘Maintenance’ was defined as a significant between group difference on a behavioural outcome at least 3 
months post intervention contact 
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in risk over the life course that is attributable to changes in vegetable and fruit intake. 

Large prospective cohort studies or long-term intervention studies are needed to 

estimate these benefits, and although these studies are costly, such data would prove 

particularly valuable for health policy makers and practitioners interested in maximising 

health improvements from finite health resources. As the establishment of 

epidemiological evidence regarding clinical significance is a precursor for rigorous cost-

effectiveness analysis, at present, the ability to draw conclusions regarding cost-

effectiveness and to compare different forms of intervention according to this criteria, is 

limited. It is important to acknowledge that alternative approaches such as Internet and 

mobile phone based interventions may be more cost-effective and should be trialled as 

components of future parent interventions. 

 

Improving Assessment of Children’s Fruit and Vegetable Intake  

The quality of evaluation is dependent, in part, on the quality of the assessment tools. 

The fruit and vegetable subscale from the Children’s Dietary Questionnaire was used 

to assess children’s fruit and vegetable consumption in the studies reported in 

Chapters 3, 4 and 5. This food frequency questionnaire was selected based on its 

psychometric properties and ease of administration to large numbers of parents. At the 

time of study design, the Children’s Dietary Questionnaire was the only dietary 

assessment tool with established reliability and validity in samples of Australian 

preschool children [28, 49]. While the tool has been recommended for use in 

intervention research, the correlation coefficient assessing instrument validity was 

relatively modest (Spearman correlation co-efficient = 0.58).  

 

Although biological markers represent less subjective assessments of intake, they are 

often laborious and expensive, specific to certain nutrients (e.g. Vitamin C) rather than 

food groups (e.g. fruit) [50], and may represent an impediment to parental consent for 

child assessment. This makes them largely inappropriate for use in complex public 

health intervention research. Food records have the potential to provide more 

quantitatively accurate dietary assessments [51], however, they are also considerably 

burdensome to participants and come at significant financial costs to research projects 

[51]. Food frequency questionnaires are perhaps the most widely used form of dietary 

assessment in public health nutrition intervention research. Although such 

questionnaires require less participant time and are relatively inexpensive and easy to 

administer, they are more susceptible to social desirability and other biases [51]. Novel 

and creative alternatives to dietary assessment, particularly for children, are therefore 
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required [52] that provide accurate information but that are not overly expensive or 

demanding of participants. 

 

New technologies have the potential to improve the accuracy and efficiency of dietary 

assessment [53], while remaining acceptable to users, including participants from 

disadvantaged backgrounds [54]. Assessment of food intake using a personal digital 

assistant (PDA) computerised device was shown to be comparable to a 24-hour recall 

in a sample of adults with no dietary restrictions [53]. Similarly, the assessment of 

energy intake using a photo-based recording system was shown to be comparable to 

assessment using doubly-labelled water [55]. Furthermore, in a laboratory-based 

study, no significant differences were found in terms of macronutrient intake and 

recorded energy from the photo-based recording system as compared to a weighed 

food intake [55]. The integration of these data collection systems into software 

compatible with Smartphones has the potential to revolutionalise the collection and use 

of dietary data for nutrition research. The use of existing software and participants’ own 

Smartphone (hardware) may considerably reduce data collection costs. Compliance 

with data collection procedures could be improved as data can be entered in real time, 

and text messaging could be used to routinely prompt participants to record their food 

intake [55]. The use of inbuilt cameras and the ability to scan barcodes may enable 

precise information to be recorded about the pre-packaged foods that are consumed 

with relatively little effort by participants [56]. A number of software packages for 

dietary assessment and photo-based recording are already available in the market 

place for download [57] and their utility for public health research warrants 

investigation. 

 

iii) Implications for Practitioners and Policy-Makers 

The Efficiencies of Environmental Interventions  

The cross-sectional study in Chapter 3 demonstrated that characteristics of the home 

food environment are associated with preschoolers’ fruit and vegetable consumption, 

and Chapters 4 and 5 established that an intervention targeting characteristics of the 

home food environment could result in short-term increases in intake among 

preschoolers. As such, the findings of this thesis underscore the potential influence of 

the home food environment on children’s dietary behaviours and emphasise the 

importance of the home as a potential setting for interventions attempting to modify 

children’s dietary behaviours. Given the study sample under-represented families from 

low-socioeconomic backgrounds, future research should explore whether socio-
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economic status moderates the relationship between the home food environment and 

dietary behaviours.  

 

The characteristics of the home environment that are thought to improve children’s 

dietary habits, for example family meals and meals without television, have also been 

associated with healthier dietary behaviours in adolescents and adults [58, 59]. As 

such, dietary interventions that modify aspects of the home and family environment 

may influence the health behaviour of family members beyond the immediate target of 

the intervention. Indeed, additional exploratory analysis of trial data presented in 

Chapter 5 suggests that the telephone-based intervention significantly increased the 

fruit and vegetable consumption of intervention parents. At the 2-month follow-up, 

compared to control parents, daily vegetable intake among intervention parents was 

0.7 of a serving higher (p<0.001) and daily fruit intake was 0.3 of a serving higher 

(p<0.001) after adjusting for baseline values. These results are consistent with the 

findings of Golan, Fainaru and Weizman who demonstrated that an intervention 

delivered to parents, which included changes to the home environment, had a 

significant impact on the health behaviours of the parent who received the intervention 

and the overweight child who was the target of the intervention [60]. The trial findings 

provide support for the parent-based intervention model proposed by Golan and 

colleagues in their research into childhood obesity prevention and treatment [61], 

suggesting that parents are key targets of interventions designed to change the 

behaviour of their children. Investigation of the extent to which the dietary habits of 

family members not directly involved in the intervention, such as siblings and partners, 

change as a result of changes to the home food environment may provide a more 

compelling case for the implementation and adoption of such initiatives by health policy 

makers and practitioners.  

 

Interventions that seek to modify the home and family food environment could 

potentially influence multiple health behaviours. Evidence suggests there is an overlap 

between the characteristics of the home environment that are associated with 

children’s dietary intake and with their sedentary behaviour. For example, installation of 

a television locking device reduced children’s television viewing by 33% and also 

decreased the number of meals eaten in front of the television [62]. Furthermore, a 

non-interventional 19-month longitudinal study showed that change in the number of 

hours per day spent watching television was negatively associated with the change in 

children’s fruit and vegetable consumption [63]. Although a home environment 

intervention which included multiple behaviour targets reduced children’s television 
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viewing and improved diet [64], the mediators of such changes are unknown. As such, 

it is unknown whether environmental interventions targeting children’s dietary 

behaviours in isolation can also affect other health behaviours. Further investigation of 

this hypothesis is required. 

 

The Potential of Telephone Delivery 

There is now strong evidence for the short-term efficacy of adult dietary and physical 

activity interventions delivered via telephone [65, 66]. Evidence is accumulating of their 

efficacy in primary school students [67, 68] and the studies in this thesis provide 

preliminary evidence of short-term efficacy among preschool children (Chapters 4 and 

5). Studies suggest that telephone delivered interventions can overcome geographical 

barriers in reaching parents in rural and remote areas [69] and may be particularly 

useful in reducing the barriers faced by parents of young children [70] including 

inflexible schedules, transport difficulties, and child-minding responsibilities [69, 71]. 

Evidence from the pilot study suggests that parents of young children actively engage 

in telephone-based interventions and find the delivery modality acceptable (Chapter 4). 

On the basis of these findings and the results of the randomised controlled trial in 

Chapter 5, telephone-based interventions targeting children of preschool-age may 

represent an appealing option to improve public health nutrition. 

 

A number of government and non-government organisations now operate telephone 

information, support, and triage services to promote the adoption of healthy lifestyle 

behaviours among adults [72]. Telephone services have been an integral component of 

smoking cessation initiatives since the early 1980s [73]. The Cancer Institute NSW 

currently operates a free quitline where counsellors provide information, advice and 

strategies to assist smokers prepare to quit and prevent relapse [74]. Telephone 

services focused on other preventative behaviours are also emerging. The NSW ‘Get 

Healthy Coaching Service’ is a telephone service addressing issues of weight loss, 

healthy eating and physical activity [75]. These services demonstrate that within NSW 

there is precedent for population health prevention strategies being delivered in the 

form of government run telephone support services. Furthermore, a number of 

characteristics of the telephone-based intervention trialled in Chapters 4 and 5 indicate 

that it may be amenable to be integrated into such services, namely, the relatively brief 

(four contact) format, the scripted intervention, and reliance on telephone interviewers 

rather than experienced clinicians. 
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Existing telephone-based services, however, are often under-utilised, therefore limiting 

the public health impact of this form of intervention [76, 77]. For example, the ‘Get 

Healthy Coaching Service’ was accessed by just 0.2% of the overweight or obese 

population in NSW in its first 10 months of operation [78]. To improve health at a 

population level, the required rate of participation was estimated to be 3-6% [78]. 

Despite 30% of parents indicating an interest in using a telephone-based service to 

help them improve the healthy eating and physical activity of their children [79], under 

trial circumstances, the response rates for the pilot study (Chapter 4) and the 

randomised controlled trial (Chapter 5) were substantially lower at 12% and 18% 

respectively. This suggests that despite evidence of the potential efficacy of the 

intervention in Chapters 4 and 5, without strategies to actively promote parent use of a 

fruit and vegetable telephone service, it would be unlikely to generate improvements in 

public health nutrition. The investigation of strategies to enhance uptake of health 

promoting telephone-based services for parents therefore may be an important avenue 

for future scientific inquiry to ensure that the benefits of investment in efficacy research 

translate to a community health benefit. 

 

While mass media campaigns have been found to increase use of telephone-based 

services [78, 80], proactively recruiting participants may represent a more cost effective 

approach. A recent Australian study demonstrated that a ‘cold-calling’ telemarketing 

approach using selection of random numbers from the electronic telephone directory 

recruited 52% of all eligible smokers contacted, at a cost of US$59 per recruited 

smoker [81]. This reached a far greater proportion of smokers than the 4% within the 

Australian community who use the Quitline of their own volition [80] and was achieved 

at a reasonable cost [81]. A similar study was successful in recruiting almost one in 

four adults to the NSW ‘Get Healthy Coaching Service’ for weight loss, healthy eating, 

and physical activity support [82]. Furthermore, the proactive recruitment strategy was 

considered acceptable by 86% of those contacted [82]. Proactive recruitment 

approaches may also yield higher participation rates among disadvantaged groups in 

the community [83]. Nonetheless, recruiting proactively to telephone-based health 

support services is still relatively novel, and to the authors’ knowledge has not been 

previously tested in the context of recruiting parents to telephone-based preventative 

health services targeting their children. As such, further evaluation is warranted among 

parents of preschool-aged children to determine whether they are cost effective, can 

sufficiently increase intervention reach to afford a population health benefit, and 

facilitate greater reach among at-risk and disadvantaged populations [83].  
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Conclusion 
Despite the early childhood years representing a sensitive period for the development 

of healthy eating habits, there is a paucity of evidence for effective interventions to 

increase the fruit and vegetable consumption of preschool children. This thesis 

provides evidence of the associations between a supportive home food environment 

and higher levels of fruit and vegetable consumption among children of preschool age. 

A four contact telephone-based intervention was developed to support parent to create 

home food environments that facilitated children’s consumption of fruit and vegetables. 

A pre-post pilot study and a randomised controlled trial demonstrated that this 

intervention was acceptable to parents, feasible to deliver, and efficacious in the short-

term. Notwithstanding the limitations in evaluating child dietary interventions, this thesis 

provides preliminary evidence of the public health utility of a telephone-based parent 

intervention to increase the fruit and vegetable consumption of preschool children. 
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