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THESIS SUMMARY 

 

Fruits and vegetables (FV) are cornerstones of a healthy diet but adequate 

consumption remains a challenge in nutrition interventions. In young children, poor 

exposure and consumption of FV can potentially affect development of preference 

for FV and lifelong eating habits that may influence health outcomes. Current and 

future interventions can benefit from identifying the reasons children are not 

consuming adequate FV. Research in this area is confounded by the scarcity of 

dietary evidence for young children and limited investigation into the cognitive-

behavioural impetus for mothers to offer FV to young children. This thesis examined 

the multi-directional relationships between maternal feeding self-efficacy, child 

exposure to new food, feeding behaviour and FV intake in participants in the South 

Australian Infants Dietary Intake study when aged 4 to 9 months (T1) (n=277) and 

again when aged 11 to 18 months (T2) (n= 218). 

 

Mothers with healthy infants weighing >2500g and >37 weeks gestation were 

recruited post-natally from 11 South Australian hospitals. At 6 months and 13 

months postnatal, infants were weighed and measured, and mothers completed a 

questionnaire exploring their perceptions of child feeding behavior and exposure to 

new foods. The questionnaires also included the Short Temperament Scale for 

Infants (T1), Short Temperament Scale for Toddlers (T2), Kessler 10 to measure 

maternal psychological distress, and five (T1) and eight (T2) items measuring 

maternal feeding self-efficacy. The frequency (number of occasions) and variety of 

FV (number of subgroups in each food category) consumed by children were 

estimated from a 24-hour dietary recall and 2 days food record at T1 and T2. 
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Structural equation modeling (SEM) was performed using MPlus version 6.11 to 

assess the relationships between observed and latent variables.  

 

Median (IQR) variety scores were 2(1-3) for fruit (possible score 18) and 3(2-5) for 

vegetable (possible score 28) at T1, and 3(1-4) for fruit and 4(1-6) for vegetable at 

T2. The most popular FV consumed were apple (n=108, 45.0%) and pumpkin 

(n=143, 56.3%) at T1 and banana (n=142, 76.8%) and potato (n=117, 62.2%) at T2. 

SEM at T1 and T2 revealed that parenting confidence, child exposure to novel food 

and positive perception of child feeding behaviour predicted maternal feeding self-

efficacy which then directly (T1) and indirectly (T2) predicted the variety of 

vegetables children consume. Furthermore, maternal psychological status indirectly 

predicted child vegetable variety at T1 through parenting confidence and child 

exposure to new foods. Despite explaining 14% and 25% variance in child vegetable 

variety at T1 and T2 respectively, the conceptual model did not predict the variety of 

fruit intake in children at both time points. This provides evidence that FV intakes 

are influenced by different behavioural factors and should be examined separately. In 

conclusion, the direct and indirect roles of maternal feeding self-efficacy in 

predicting child vegetable variety highlight the importance of targeting maternal 

feeding self-efficacy as a key strategy towards development of healthy eating in 

children. 
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CHAPTER ONE: INTRODUCTION  

 

Adequate consumption of fruit and vegetables (FV) is a characteristic of a healthy 

diet (1). Fruit and vegetables provide a cornucopia of nutrients and phytochemicals 

conferring multiple health benefits (2). There is also a large body of evidence to 

suggest that high consumption of FV protects against chronic diseases such as 

cardiovascular diseases (3, 4), chronic respiratory disease (5), diabetes (6, 7) and 

some cancers (8).  The World Health Organisation (WHO) recommended adultsto 

consume at least 400g of non-starchy FV daily for the prevention of 

noncommunicable diseases and the alleviation of micronutrient deficiencies (1). In 

Australia, the National Health and Medical Research Council (NHMRC) 

recommends the daily consumption by adults of 2 serves of fruit (300g) and 5 serves 

of vegetables (includes starchy vegetables) (375g) (9). There is currently no global 

consensus on FV recommendations for children and recommendations can vary from 

around half the adult daily servings to the equivalent by adolescence (10).  

 

Despite the health benefits of FV, consumption in adults and children as young as 2-

years-old falls short of recommendations in many countries (11-15). Findings from 

dietary studies on infants and toddlers identified some areas of concern such as the 

high proportion of consumers of fried potatoes in toddlerhood (16), the decrease of 

vegetable intake between infancy and toddlerhood (17) and the limited variety of 

fruit and vegetables consumed (18, 19). This is of concern because FV intakes (20-

22), food preferences and eating habits (23-25) formed in early childhood have been 

shown to persist into adolescence and adulthood.   
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In one of the earliest study examining tracking of dietary intakes from early 

childhood, Skinner and colleagues found that fruit exposure (R2= 0.25) and fruit 

variety (R2= 0.25) in the first 2 years of life predicted fruit variety at 8 years (n=70) 

(26). These findings are supported by a more recent study from the Norwegian 

Mother and Child Cohort Study (n=9025) where the frequency of fruit and vegetable 

intakes were found to tracked between ages 18 months to 7 years (r ranging from 

0.23 to 0.36) (27).  

 

Tracking was also observed in dietary patterns from early childhood to mid-

childhood (28, 29), adolescence (30) and adulthood (31, 32). For instance, results 

from the Avon Longitudinal Study of Parents and Children (ALSPAC) (n=6177) 

show moderate tracking of dietary patterns (‘processed’, ‘traditional’ and ‘healthy’) 

at ages 3 years, 4 years, 7 years and 9 years (all r > 0.35) at all time points (29). 

Moreover, evidence from a 21-year follow up from the Cardiovascular Risk in 

Young Finns Study (n >1000) showed that children’s diet from as young as 3 years 

tracked into adulthood (31, 32).  

 

Considering that food preferences and eating habits are well established by five years 

of age (33, 34), examining children’s diet in the first year of life provides important 

evidence on the early formation of food preferences as infants transition from a milk 

diet in the first 4 to 6 months to a family diet from 12 months and beyond. This 

transitional period is often referred to as the weaning period (35). Weaning is 

important to help children acquire a healthy behaviour toward eating and to learn 

competencies required for a successful transition from milk to family diet (36). It is 
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postulated that a ‘window of opportunity’ exists in the age 4 to 5 months (weaning 

period) in which infants will readily accept new tastes of first foods (37) but this 

acceptance is modulated by the taste of food (35).  

 

The ontogeny of taste posits that infants are born with the innate preference for sweet 

tastes (38) while preference for salty tastes appears around the age of 4 months and 

onwards (36). Habituation of these tastes may lead to the poor acceptance of bitter 

tasting foods such as spinach and broccoli (24). 

 

Food texture also plays an important role in determining food acceptance at weaning 

(35).  Infants need to experience more textured foods at approximately 7 months in 

order for them to develop the oro-motor skills required for successful self-feeding 

(37). Delayed introduction of textured foods have been shown to lead to poor dietary 

outcomes in later childhood (39). For instance, a study conducted by Coulthard, 

Harris and Emmett on 7821 mother-child dyads from the ALSPAC study found that 

children who were introduced to ‘lumpy’ foods late (after 9 months) ate less of many 

food groups at age 7 years, including all fruit and vegetables (p<0.001), than children 

introduced to ‘lumpy’ foods at 6 to 9 months (39). These children also had 

significantly more feeding problems at 7 years such as not eating sufficient amounts 

of food (OR= 1.15, 95% CI= 1.03-1.29), difficult to get them to eat food (OR = 1.15, 

95% CI= 1.07-1.24) and being choosy/picky with food (OR = 1.16, 95% CI= 1.05-

1.28) (39).  

 

Therefore, nutrition intervention targeting infants at the weaning age has the 

potential to shape long-term food preference and eating habits and should be 
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considered. Studies examining the modifiable determinants of intakes in early 

childhood provide the evidence needed to inform strategy for effective intervention.  

 

In early childhood, the principal carer (usually the mother) plays an important role in 

feeding. Mothers can influence children’s food intake through their feeding practices 

(40), feeding styles (41) and food preferences (23, 42). As a primary carer, mothers 

are often required to make decisions that require them to think on their feet and draw 

on their reservoir of knowledge while balancing the needs of their child with their 

own needs and the needs of other family members (43). Therefore, the cognitive 

processes in which they determine their feeding decisions in the face of obstacles 

may influence children’s feeding and dietary outcomes. 

 

In particular, self-efficacy or self-competency, a component of the cognitive-

behaviour change models (44-46), has been identified as an important predictor of a 

wide range of health behaviours in adults (47) and children (48). In dietary 

intervention studies, self-efficacy was identified as a significant determinant of 

intervention success (49-51). Research on FV consumption in school-aged children 

also showed that children with higher sense of self-efficacy consumed higher 

amounts of FV (52-54).  

 

The concept of self-efficacy originated from the Social Learning Theory and was 

introduced by Albert Bandura as a predictor of behavioural change (55). In many 

studies, self-efficacy explained the discrepancy between intention and health 

behaviour (56-59). Self-efficacy is a self-judgement of how well one can perform 

across a variety of situations (60) and unlike self-confidence which is a general 
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measurement of self-worth (61), self-efficacy refers to task-specific competency 

(60).  

 

Studies examining self-efficacy in infant feeding have primarily focused on 

breastfeeding self-efficacy (62). Studies examining maternal feeding self-efficacy 

related to dietary outcomes in infants and toddlers are rare. Besides the published 

findings of this thesis at Time 1 (19), there is only 1 published study that has 

examined the link between maternal feeding self-efficacy and FV intakes in children 

under 2 years of age (63). Both papers reported maternal feeding self-efficacy as a 

significant predictor of children’s FV intakes (19, 63).  

 

While maternal role in early feeding is important, children may also influence 

feeding outcomes through their feeding behaviours (64). Novel foods are usually 

approached with a mixture of interest and fear and infants respond to new foods to 

varying degrees (65). Responsive children were more accepting of novel foods while 

children with stronger inhibitions towards food had lower dietary variety (66) and 

were likely to be fussy or picky with their food (64). Mothers respond differently to 

various child feeding behaviours through their feeding styles or practices which may 

or may not be detrimental to feeding outcomes (64). This reciprocal relationship is 

worth exploring as emerging evidence in the study of mother-child feeding 

interactions involving children aged ≥ 2 years old and child weight status reported 

significant link between maternal feeding practices such as pressure to eat and 

modelling of healthy eating with child food fussiness and responsiveness (67-69). To 

date, no study has explored this interactional relationship in the context of FV 

consumption in children under 2 years of age.  
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1.1 THESIS AIMS 
 

This thesis aims to address the gap in the literature identified above by examining the 

multi-directional relationships between maternal-child factors with fruit and 

vegetable consumption in a cohort of children aged under 2 years of age. Through 

structural equation modelling (SEM), this thesis specifically aims to examine: 

 

1. Fruit and vegetable consumption; 

 

2. The relationship between maternal feeding self-efficacy, maternal feeding 

practices, child exposure to novel foods, child feeding behaviour and socio-

demographic factors in predicting child fruit and vegetable variety; 

 

3. The construct validity and reliability of items used in the South Australian 

Infant Dietary Intake (SAIDI) study to measure maternal feeding self-

efficacy, maternal psychological distress and child temperament; 

 

in a cohort of South Australian children aged 4 to 9 months (Time 1, T1) and 

11 to 18 months (Time 2, T2). 
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1.2 THE MODEL 
 

Understanding the reciprocal relationship between maternal and child factors in early 

feeding is vital to the development of intervention strategies (70). This bi-directional 

relationship is illustrated in the two models proposed by Davison and Birch in 2001 

to explain the interaction between parent and child characteristics in determining 

child weight status (71, 72). In the first model (Figure 1.1), Davison and Birch 

proposed an ecological model to present the bigger picture of the multi-faceted 

systems involved in the assessment of predictors of childhood overweight (71). 

Socio-demographic and community factors were presented as distal determinants that 

predict parenting styles and family characteristics such as child feeding practices and 

parent food preferences (71). Parenting styles and family characteristics in turn exert 

an influence on child factors to predict child weight status (71). 

 

 

 

Figure 1.1 Davison and Birch’s ecological model of predictors of childhood overweight 

(71) has been removed due to copyright restrictions. 
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An examination of the literature on parenting and family environments with child 

eating revealed that the relationship between maternal feeding and child eating is 

potentially bi-directional, as evident in another conceptual model proposed by Birch 

and Davison (Figure 1.2) (72).  

 

 

 

 

 

 

 

Figure 1.2 Birch and Davison’s model on the bi-directional relationships between child 

feeding practices, parent and child eating with weight outcomes (72) has been removed 

due to copyright restrictions. 

 

 

 

In a study published in 2008, Ventura and Birch evaluated the above conceptual 

model by conducting a systematic review of studies published before January 2007 

(n=66) that assessed the association between parenting, child eating and weight 

variables (73). They concluded that there is strong causal evidence to show that 

parenting affects child eating and that child eating behaviour mediated the influence 

of parenting practices on child weight status (73). The relationship between child 

eating and weight status was however, inconclusive (73). This may be due to the 

nature of obesity which emerges over time and requires carefully measured 

longitudinal studies to elucidate the link between child eating and weight status (74). 
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Studies published post-2007 continue to provide support for the findings of Ventura 

and Birch’s study (70, 75-77). In particular, longitudinal studies conducted in more 

recent years provided evidence on the bi-directional relationship between maternal 

feeding practices and child eating behaviours (70, 78, 79). A more recent systematic 

review by Shloim and colleagues (2015) concluded that there is consistent evidence 

to support the link between feeding practices such as restriction and pressure to eat 

with high BMI in children (74). Maternal feeding practices also appeared to be 

responsive to child eating behaviour (74).  

 

Although research examining the reciprocal relationship between maternal feeding 

and child eating were primarily concerned with child weight outcomes, the models 

proposed by Davison and Birch (71, 72) provide the conceptual templates for the 

examination of determinants of children’s dietary intakes. Moreover,  findings from 

research on dietary intakes in young children supported the relationship between 

maternal feeding practices and child fruit and vegetable intakes (41, 80-83). For 

instance, a longitudinal study by Gregory et al (2011) on 60 children aged 1-year-old 

(Time 1, T1) and 2-years-old (Time 2, T2) concluded that maternal pressure to eat at 

T1 predicted lower child fruit frequency at T2 (β = -0.28, p<0.05) while maternal 

modelling of healthy eating at T1 predicted higher child vegetable frequency at T2 (β 

= 0.34, p<0.01) (80). Feeding practices, however, did not predict child weight-for-

height at T2 (80). Moreover, a longitudinal study on 4 European birth cohorts (n > 

9000) examined maternal feeding practices specific to early feeding such as 

breastfeeding duration and timing of complementary feeding and found them to be 

predictive of child FV intakes at 2 to 4 years-old (81). Clearly, there is strong 
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rationale to examine the bi-directional relationship between maternal and child early 

feeding behaviours in relation to FV intakes. 

 

Therefore, a Structural Equation Model (SEM) incorporating socio-demographic 

factors as distal determinants and the bi-directional link between maternal and child 

feeding behaviours is proposed in this thesis (Figure 1.3). SEM is chosen as it allows 

an examination of multi-directional relationships between a number of variables (84). 

This model also included maternal feeding self-efficacy as a potential predictor of 

maternal and child feeding and/or child FV intakes and was previously published to 

report the T1 findings from this thesis (19). Evidence for the inclusion of the 

variables found in this model is presented in Chapter Two.
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Figure 1.3 The structural equation model proposed in this thesis (19). 
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1.3 OVERVIEW OF THESIS CHAPTERS 
 

This thesis consists of eight chapters as outlined in Table 1.1 below: 

 

Table 1.1 Outline of thesis chapters 
Chapter: Summary of content: 

One: Introduction Introduction to thesis topic, aims and the structural equation model 

proposed. 

Two: Literature review Literature review presented in two parts: 

Part 1 – Fruit and vegetable consumption 

• definition, recommendations, evidence of intakes, health 

consequences and the importance of variety 

Part 2 – Determinants of fruit and vegetable consumption 

• maternal feeding self-efficacy, socio-demographic 

factors, maternal intake, role of food exposure, child 

feeding behaviour 

Chapter ends with conclusion on literature review. 

Three: Methodology Study design, procedures, data collection, transformation and 

analysis methods. 

Four: The study’s cohort Findings, discussion and conclusions on study response rates, 

demographic characteristics and feeding practices of the study 

cohort. 

Five: Fruit and vegetable 

intakes 

Findings, discussion and conclusions on maternal and child fruit 

and vegetable intakes. 

Six: Measurement models Findings, discussion and conclusions on reliability testing and 

confirmatory factor analyses on items used to measure maternal 

feeding self-efficacy, maternal psychological distress and child 

temperament. 

Seven: Structural Equation 

Models 

Findings, discussion and conclusions on structural equation 

modelling of the proposed model at Time 1 and Time 2 of the 

study. 

Eight: Conclusion Key findings, implications, strengths, weaknesses, suggestions for 

future research and thesis concluding statement. 
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CHAPTER TWO: LITERATURE REVIEW 

 

This chapter provides the literature review for this thesis. It includes definitions of 

terms and concepts vital to the understanding of this thesis. This chapter consists of 

three main sections. 

 

Section 2.1 provides the literature review on the definition, recommendations, 

adequacy, consequences and significance of fruit and vegetable consumption, with 

focus on children’s intakes. Section 2.2 presents the literature review on the 

determinants of fruit and vegetable consumption with focus on maternal feeding self-

efficacy. Section 2.3 provides the conclusion from the literature review conducted.  

 

2.1 FRUIT AND VEGETABLE CONSUMPTION 
 

This section defines fruits and vegetables and the variation between countries in 

categorisation with respect to dietary guidelines. With the focus on children’s intake, 

recommendations for daily intake of fruits and vegetable are discussed and data on 

consumption presented. Discussion on why adequacy and variety in fruit and 

vegetable consumption is important is also presented. 

 

2.1.1 Definitions of fruit and vegetable 

Botanically, “vegetable” is defined as the “edible part of a plant”(85). Based on this 

definition, “fruit” is a sub-set of vegetable as “fruit” forms from the flower and 
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comes from the mature ovary of a plant which encloses the seed (9, 85). This 

definition includes fleshy fruits and dry fruits such as cereal grains, pulses and nuts 

(85). Despite their botanical definitions, fruit and vegetables are better known by 

their culinary usage. Therefore, some “vegetables” such as tomatoes and pumpkin 

which are botanically “fruit” and sweet corn which is botanically a grain or cereal, 

are considered as “vegetable” because they are consumed as such. Some food, 

botanically not even considered as a plant such as mushrooms and seaweed, are also 

considered as “vegetable” (85).  

 

In the dietary guidelines in some countries, fruit and vegetable are grouped together 

as one food group while in others, they are considered as two separate food groups. 

Nutritionally, fruit and vegetables are classified based on their low energy-density 

and the cornucopia of vitamins and minerals they provide for health. Therefore, 

foods derived from fruit and vegetables, such as jam and jellies that are higher in 

energy and sugar content, are considered as “extras” or discretionary foods (9). Other 

plant foods such as herbs and spices, cocoa, coffee beans and tea leaves are also 

typically grouped separately from the “vegetable” food group. Cereal grains, 

although botanically a “vegetable”, are grouped separately as “grain foods” as they 

are nutritionally distinct (higher energy-density, protein, iron and B vitamins), while 

also providing a significant source of dietary fibre when consumed with the bran 

intact (9).  

 

A discrepancy in the categorisation of “vegetable” comes in the form of potato and 

starchy tubers such as sweet potato, yam, taro, cassava and manioc. Botanically a 

“vegetable”, potato and starchy tubers are excluded from the “vegetable” food group 
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in some guidelines (1, 86, 87) but included in others (9, 88). Potato contains mostly 

starch with fibre (especially when consumed with skin), potassium and B vitamins. It 

has a nutritional profile that resembles the nutritional profile of starchy grain foods 

(eg: rice, bread, pasta). For this reason, some guidelines place potato, starchy tubers 

and grain foods in the same food group (89, 90). The exclusion of potato and starchy 

tubers from the ‘vegetable’ food group recognises their prominence in certain diets 

as staple foods and should not be interpreted as a discouragement for consuming 

them. Rather, potato and starchy tubers were excluded from the ‘vegetable’ food 

group in some guidelines as a strategy for encouraging consumption of coloured 

vegetables to encourage variety within food group (85).   

 

Another discrepancy in the categorisation of ‘vegetable’ involves the inclusion or 

exclusion of nuts, legumes, pulses and beans from the vegetable food group. Nuts, 

legumes, pulses and beans are rich sources of plant protein. Some countries 

categorise beans, pulses and legumes as ‘vegetable’ (9, 88) while others (mostly 

Asian countries) where plant proteins are considered an important protein source, 

they are grouped with either meat and seafood, or with dairy foods (87, 91). 

Categorisation of nuts, however, is fairly consistent with most countries grouping 

them with meat and seafood as ‘protein foods’ though some variations can be seen as 

in the case of the Korean Food Tower where nuts are grouped in the ‘fats and oils’ 

food group due to their high fat content (87).  

 

The definition of ‘fruit’ in food guidelines is relatively consistent across the globe. 

However, the inclusion of fruit juice into the “fruit” food group has recently garnered 

some debate due to its possible contribution to childhood caries and undesirable child 
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weight status. A 2003 publication of a prospective study on 642 children followed 

since birth in the Iowa Flouride Study found significant associations between 

increased fruit juice consumption in children aged 2 to 3 years old and increased risk 

of dental caries between ages 4 to 5 years (92). However more recent studies 

examining the association between fruit juice consumption and dental caries reported 

no significant association (93-95). The discrepancy may be explained by the 

presence of confounding factors such as socio-economic status (94, 96, 97), the 

overall quality of the child’s diet (95, 98), maternal feeding practices (99, 100) and 

feeding frequency (101) which were not examined and controlled in the 2003 study 

(92). 

 

The association between fruit juice consumption and child weight status was also 

inconclusive (102-104). However, a recent 2015 prospective study on 1163 U.S. 

children from Project Viva found that higher juice intake at 1 year of age (≥ 16 oz or 

473 ml daily) was associated with higher juice intake, sweetened beverage intake and 

BMI z-score in early (median age 3.1 years, mean (SD) BMI z-score = 0.75 (1.29), 

and middle (median age 7.7 years, mean (SD) BMI z-score= 0.82 (1.12) childhood 

(105). This study provided the first evidence that higher fruit juice consumption in 

infancy tracked to 7 to 8 years of age with implications for undesirable weight gain.  

 

In infancy, fruit juice consumption has been associated with gastrointestinal 

symptoms, failure to thrive, decreased appetite, loose stools, failure to gain weight 

and obesity (106). The American Academy of Pediatrics (AAP) recommended that 

fruit juice should not be offered to infants under 6 months of age and be limited to 

around 120-180ml (4 to 6 ounces) per day for children aged 1 to 6 years (107); a 
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position adopted by the 2013 Australian Infant Feeding Guidelines (106). Most 

guidelines consider fruit juice as part of the “fruit” food group (9, 86, 108) but 

include caution to limit its consumption (86, 106). 

 

This thesis follows the fruit and vegetable definition as per the 2013 Australian 

Dietary Guidelines and Guide to Healthy Eating (9). Fruits and vegetables are 

considered as separate food groups and were therefore analysed and discussed 

separately. Potato, starchy tubers, legumes, beans and pulses are all considered as 

‘vegetables’. Due to the young age of the study cohort (4 to 18 months old) in this 

thesis, fruit juice intake was excluded from the fruit group and intake not examined.  

 

 

2.1.2 The recommendations 

2.1.2.1  For adults 

Worldwide recommendations for fruit and vegetable consumption generally reflect 

the World Health Organisation (WHO) recommendation of a minimum of 400g per 

day of non-starchy fruit and vegetable which usually equates to 5 serves of fruit and 

vegetable per day (1 serve = 80g) (1, 8, 109). Globally, a mass campaign promoting 

consumption of fruit and vegetable is referred to as the ‘5 A DAY’ campaign. The 

US was a participant of this campaign from 1991 (110) until 2007 when the focus 

shifted to “Fruits and Veggies- More Matters” to reflect the 2005 (111), 2010 (108) 

and the current 2015-2020 Dietary Guidelines for Americans (112). The US 

recommendations for fruit and vegetable intakes are based on the level of energy 
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intake with the recommendation of 2 cups of fruit and 2.5 cups of vegetables per day 

for a reference of 2000 kcal (8368 kJ) per day of energy intake (112). The American 

recommendations aim to achieve healthy eating patterns (U.S.-style eating patterns, 

Healthy Mediterranean-Style eating patterns and Healthy Vegetarian Eating Patterns) 

with strong emphasis on consumption of a variety of vegetables (dark green, red and 

orange, legumes, starchy and other vegetables) (112). 

 

Other variations to the WHO recommendation can be found in Canada’s Food Guide 

(113) and in the Australian Guide to Healthy Eating (AGHE) (114). The Canadian 

Food Guide recommends between 7 to 10 servings of fruits and vegetables per day 

with an emphasis on eating dark green and coloured vegetables (113). The AGHE 

recommends consumption of 2 serves of fruit (1 serve = 150g) and 5 serves of 

vegetable (1 serve= 75g) per day (114). This equates to a recommended fruit and 

vegetable intake of 675g daily; an amount exceeding the WHO recommendation. 

However, it must be noted that unlike the WHO recommendation, both the Canadian 

and Australian guidelines include potato and starchy vegetables as vegetable.  

 

2.1.2.2  For children 

Currently, there is no global consensus for fruits and vegetables (FV) 

recommendations for children. Recommendations vary between countries. For 

example, the Swedish guidelines for children up to 10 years recommend 400 grams 

of FV consumption daily (excluding potatoes but including a maximum of 100 grams 

fruit juice) (115) while the guidelines in the UK recommend  5-A-DAY serves of FV 

for children with a limit of 150ml of 100% unsweetened fruit juice per day (116). In 
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the U.S., recommendations vary depending on child age and gender (Table 2.1) with 

separate recommendations for weekly variety for vegetable consumption based on 

vegetable sub-groups (dark green vegetables, red and orange vegetables, beans and 

peas, starchy vegetables and other vegetables such as bean sprouts, onions and 

mushrooms) (117).  

 

 

 

Table 2.1 U.S. recommendations for daily fruit and vegetable consumption for 

children* 

Gender: Age group 

(years): 

Recommendation: Examples of 1 cup: 

Fruit:   1 small apple 

1 large banana 

32 seedless grapes 

1 large peach or 2 halves canned 

peaches 

8 large strawberries 

3 medium plums 

8 large strawberries 

1 small slice (1-inch-thick) watermelon 

1 cup of 100% fruit juice 

All 2 to 3 1 cup 

 4 to 8 1 to 1.5 cups 

 

Girls 9 to 18 1.5 cups 

 

Boys 9 to 13 1.5 cups 

 14 to 18 2 cups 

Vegetable:   3 broccoli spears (5 inch long each) 

2 cups raw leafy vegetables 

1 large tomato 

1 large sweet potato 

1 cup whole or mashed beans 

1 large ear of corn 

1 medium boiled or baked potato 

1 cup raw or cooked mushrooms 

All 2 to 3 1 cup 

 4 to 8 1.5 cups 

 

Girls 9 to 13 2 cups 

 14 to 18 2.5 cups 

 

Boys 9 to 13 2.5 cups 

 14 to 18 3 cups 

*adapted from the U.S. Choose My Plate recommendations (117). 
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Similar to the U.S., recommendations in Australia are based on child age and gender 

(Table 2.2). For children under the age of 2 years old, the recommended fruit and 

vegetable servings were determined through modelling of infant (6 to 12 months) 

and toddler (13 to 23 months) dietary intake based on food patterns of 2 to 3 year 

olds due to absence of adequate dietary data for children under 2 years of age (118). 

For infant diets, recommendations were set to achieve Adequate Intakes (AIs) for all 

nutrients and Recommended Dietary Intakes (RDIs) for iron and zinc with breast 

milk as the milk source (118).  

  

 

Table 2.2 Australian recommendations for daily fruit and vegetable consumption for 

children* 

Gender: Age group: Recommendation: Definition of 1 serve: 

Fruit:    

All 7 to 12 months 0.5 serve 20g 

 1 to 2 years old 0.5 serve 150g 

 2 to 3 years old 1.0 serve  

 4 to 8 years old 1.5 serves  

 9 to 18 years old 2.0 serves  

Vegetable:    

All 7 to 12 months 1.5 to 2.0 serves 20g 

 1 to 2 years old 2.0 to 3.0 serves 75g 

 2 to 11 years old 5.0 serves  

Girls 12 to 18 years old 5.0 serves  

Boys 12 to 18 years old 5.5 serves  

*recommendations for infants and toddlers (6 months to 2 years old) were from Eat For Health: 

Educator Guide, page 44 (9) while recommendations for children 2-18 years old were adopted from 

Eat For Health: Australian Dietary Guidelines, page 42 (119). 
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2.1.3 Evidence of inadequate consumption 

2.1.3.1  Adults 

A discrepancy between recommended and actual intake for amount and variety of 

consumption still exists despite the current ‘5 A DAY’ global effort to increase fruit 

and vegetable consumption (14, 15). However, inadequate intake is not associated to 

the status of the country (developed or developing) as evident in the higher intakes of 

FV in developing countries such as Uganda (mean intake 488.5g/day) (120) and 

China (mean intake 484.9g/day) (120) compared to intakes in developed nations such 

as the U.S. (mean intake 444.3g/day) (120), Australia (mean intake 304.2g/day) 

(121) and Denmark (mean intake 313.8g/day) (122).  

 

In Australia, results from the National Nutrition Survey 1995 showed a majority of 

adult Australians (89%) did not meet the recommendations for both fruit and 

vegetables (15). Data from Australia’s National Health Survey (AHS) 2007-2008 

showed 91% of Australians aged 16 years and above did not meet the 

recommendations for vegetable serves while around half consumed insufficient fruit 

(123). Overall, only 6% of the Australian population (aged ≥ 16 years) surveyed 

were able to meet both the recommendations for daily fruit and vegetable intakes 

(123). More recent data from the 2011-2012 National Nutrition and Physical Activity 

Survey (NNPAS) showed only 6.8% of Australians (aged ≥ 2 years) consumed 5 

serves per day of vegetables and 54% met their daily fruit recommendation (121). In 

the U.S, recent data from the Behavioural Risk Factor Surveillance System 2013 

showed only 13.1% and 8.9% of American adults met the age and gender specific 

recommendations for fruit and vegetable intakes respectively (124). A recent report 
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from the UK National Diet and Nutrition Survey (NDNS) in 2014 reported 30% of 

UK adults (aged ≥19 years) met ‘5 A DAY’ recommendation (125). Generally, 

women were more likely to meet recommendations for FV than men (15, 126).  

 

Due to the differences in defining FV (what to include and what to exclude), methods 

in measuring FV intakes and FV recommendations, it is difficult to compare findings 

on FV consumption between countries. Despite this, it is clear that inadequate 

intakes are a global problem. 

 

2.1.3.2  Children 

Generally, studies around the world have reported poor FV consumption in children. 

In the U.S., findings from the National Health and Nutrition Examination Survey 

(NHANES) 2007-2010 showed that 60% of children aged 1 to 18 years did not meet 

the U.S. Department of Agriculture (USDA) recommendations for fruit intake and 

93% did not meet the recommendations for vegetable intake (11). A secondary 

analysis of the NHANES data between the years 2003 to 2010 on the amount of FV 

consumed revealed that although children’s fruit consumption increased (from 0.55 

cup per equivalents 1000 calories in 2003 to 0.62 cup per equivalents 1000 calories 

in 2010), total vegetable consumption remained unchanged (127). In the U.K., the 

National Diet and Nutrition Survey (NDNS) for 2008 to 2012 reported only 10% of 

boys and 7% of girls aged 11 to 18 years old met the “5 A DAY” recommendation 

(12).  
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In Australia, the 2007 National Children’s Nutrition and Physical Activity Survey 

(NCNPAS) reported that only 24% and 5% of children aged 14 to 16 years old met 

the recommendations for fruit and vegetable respectively when fruit juice and 

potatoes were included (13). Exclusion of fruit juice and potatoes resulted in an even 

smaller proportion of children meeting the FV guidelines across all age groups to the 

point of only 1% and none of the children aged 14 to 16 years were able to meet the 

FV recommendations respectively (13). Older children were less likely to meet the 

FV recommendations compared to younger children (13). This was also observed 

elsewhere in the world (11, 12, 128, 129) and from the findings of the more recent 

Australian Health Survey 2011-12 on children aged 2 to 18 years old in Australia 

(130). 

 

In contrast with older children, there are limited reports on fruit and vegetable 

consumption of young children. Assessment of pre-schooler diets revealed a large 

variation in inadequacy ranging from 3% (131) to 73% (132) children meeting 

specific recommendations for daily fruit intake, and from none (131) to 46% (132) 

meeting specific recommendations for daily vegetable intake. Results vary between 

countries and study cohorts. Differences in definition of FV recommendations and 

assessment method make comparison difficult. In general, pre-schoolers consumed 

more fruits than vegetables (131, 133). The most frequently consumed fruits were 

apple, pear and banana (134) while the most frequently consumed vegetable was 

white potato, especially in its fried form (132, 134).  

 

Studies on fruit and vegetable consumption in infants and toddlers are even scarcer. 

Yet, poor food intakes were reported in the diets of children as young as 2 years old 
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(11).  Evidence showing how childhood eating habits and weight status tracked into 

adulthood (135, 136) further provided the rationale to examine children’s diet at the 

age when foods were introduced to children. Food preferences formed during this 

critical period of development have the potential to influence lifelong eating habits 

(13, 137). Table 2.3 summarises population and cohort studies that have reported FV 

consumption in children under 2 years of age.  

 

Generally, vegetable intake is less likely to meet recommendations than fruit intake 

in infant and toddler diets (18, 138, 139).  More children were consuming fruits than 

vegetables (138, 140). Fruits were consumed more frequently than vegetables (141) 

though varieties for fruits and vegetables were limited to ≤ 1 type or sub-group each 

daily (18, 19).  Proportions of consumers and intakes for FV generally increased with 

age (139, 140, 142) though the only study examining the tracking of FV between 9 

months and 18 months of age by Lioret and colleagues reported a significant 

decrease in vegetable intake at 18 months (OR CI 95% = 2.27, 1.12;4.62, p<0.05) 

(17). 

 

The types of fruits preferred by infants and toddlers were generally available all year 

round such as apple, banana, pears, grapes and canned peaches (19, 138, 140, 142). 

There are also evidence to show the popularity of commercially prepared FV in 

infants’ diets (19, 140).   Between 12 to 24 months of age, potatoes became the most 

consumed vegetable in children’s diet (138, 140). Moreover, fried potatoes (eg: 

French fries, chips) become a major contributor towards children’s vegetable intakes.  

The U.S. Feeding Infants and Toddlers Study (FITS) reported that at 24 months old, 

more than half of the children who consumed potatoes consumed it in its fried forms  
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(140). However, the popularity of potatoes in children’s diets may be culturally 

driven as the only non-Western study by Pan Yu and colleagues revealed that 

Chinese infants and toddlers consumed green leafy vegetables such as Chinese 

cabbage, spinach and kale over potatoes (142). Caution is however required when 

comparing findings between studies due to the differences in how FV is defined 

(inclusion or exclusion of juice and fried potatoes).  

 

In conclusion, the overall findings on fruit and vegetable consumption by infants and 

toddlers indicate there are many similarities with studies of intake by pre-school and 

school-aged children. They provide evidence that inadequate consumption begins in 

infancy and toddlerhood. 
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Table 2.3 Summary of population and cohort studies reporting fruit (f) and vegetable (v) consumption in infants and toddlers 

Study: Subjects: Study design, dietary measurement 

methods and variable definitions: 

Findings on fruit and vegetable intakes: 

Siega-Riz A.M. et al 2010 (140) 

 

n= 2884 and 1596 children 

aged 4 to 24 months old ; 

U.S. 2002 (143) and 2008 

Feeding Infants and 

Toddlers Study (FITS) 

respectively.  

Cross-sectional. 

 

1x24-hour dietary recall. 

 

Fruit juice included. 

All forms of potatoes included. 

 

Consumers: ate f or v at least once on the 

day of the recall. 

 

Similar trends in both years. 

 

FITS 2002:- 

F consumers: 43.9% to 91.1% (4 to 14.9 months) consumed; < 

90% (15 to 23.9 months). 

 

V consumers: 32.1% to 80.8% (4 to 20.9 months); 79.3% (21 

to 23.9 months). 

 

 

FITS 2008:- 

F consumers: 21.8% to 90.2% (4 to 14.9 months); 86.9% (15 

to 17.9 months); 92.8% (8 to 13.9 months). 

 

V consumers: 25.9% to 72.1% (4 to 20.9 months); 68.1% (21 

to 23.9 months). 

 

Both FITS:- 

Most consumed f: baby food apples, bananas, pears and 

peaches (<12 months); banana, apple, grapes, canned peaches 

and canned applesauce (≥ 12 months). 

 

Most consumed v: baby food sweet potatoes, green beans, 

squash, peas and carrots (<12 months); French fries or fried 

potatoes, mashed potatoes, cooked green beans, cooked peas 

and cooked corn (≥ 12 months). 
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Table 2.3 continued. 

Study: Subjects: Study design, dietary measurement 

methods and variable definitions: 

Findings on fruit and vegetable intakes: 

Department of Health & Food 

Standards Agency 2011(139) 

 

n= 2,683 healthy infants 

and toddlers aged 4 to 18 

months; U.K. Diet and 

Nutrition Survey of Infants 

and Young Children 

(2011) (139).  

 

Children were randomly 

selected from the Child 

Benefit (CB) records 

covering all four countries 

in the U.K and children 

from the Healthy Start 

sample (144). 

Longitudinal, population survey. 

 

Food diary completed over four 

consecutive days. 

 

Fruit juice excluded. 

All forms of potatoes included. 

Average f intake: 

4-6 months old: 48 g/day 

7-9 months old: 73 g/day 

10-11 months old: 82 g/day 

12-18 months old: 96 g/day 

 

Average v intake: 

4-6 months old: 52 g/day 

7-9 months old: 79 g/day 

10-11 months old: 84 g/day 

12-18 months old: 74 g/day 

 

 

Average total fv intake: 

4-5 months old: 100 g/day 

7-9 months old: 152 g/day 

10-11 months old: 166 g/day 

12-18 months old: 170 g/day 
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Table 2.3 continued. 

Study: Subjects: Study design, dietary measurement 

methods and variable definitions: 

Findings on fruit and vegetable intakes: 

Lioret S. et al 2013 (17) 

 

 

n= 177 healthy children 

aged 9 months and 18 

months of primiparous 

mothers from the InFANT 

(145) study; Australia. 

Cohort, longitudinal. InFANT study is a 

cluster-randomized trial. F and v data 

reported in this paper were obtained from 

the control arm of the study. 

 

2x 24-hour multiple pass dietary recalls 

administered through phone interviews 

with parents by trained nutritionists. 

 

Fruit juice excluded. 

Non-fat potatoes included. 

 

Consumers: ate f or v at least once in the 

2 days of intake. 

At 9 months: 

F consumers: 94.9%; median intake 66.3 g/day 

V consumers: 94.9%; median intake 84.3g/day 

 

At 18 months: 

F consumers: 98.3%; median intake 144.5g/day 

V consumers: 94.9%; median intake 69.9 g/day 

 

F intake at 18 months significantly higher than at 9 months 

(ORa: 4.13, CI95%b: 2.16; 7.91, p≤ 0.001). 

 

V intake at 18 months significantly lower than at 9 months 

(ORa: 2.27, CI95%b: 1.12; 4.62, p<0.05). 
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Table 2.3 continued. 

Study: Subjects: Study design, dietary measurement 

methods and variable definitions: 

Findings on fruit and vegetable intakes: 

Koh G.A et al 2014 (19) 

 

n= 277; mean age 27 

weeks old health full-term 

infants recruited at birth 

from 11 South Australian 

hospitals for the SAIDI 

study (146); Australia. 

Cross sectional. SAIDI study is a cohort, 

longitudinal study. The fruit and 

vegetable data reported in this paper were 

obtained from Time 1 of the study. 

 

1x24-hour multiple pass dietary recall 

administered through phone interviews by 

trained dietitians and 2 x food diaries. 

 

Fruit juice excluded. 

Non-fat potatoes included. 

 

Consumers: ate f or v at least once in the 

3 days of intake. 

 

Frequency: number of consumption 

occasions across 3 days of intake. 

 

Variety: number of different sub-groups 

within each food group consumed across 

3 days of intake. 

 

F consumers: 86.6%; median frequency= 4 times; median 

variety= 2 

 

V consumers: 91.7%; median frequency= 6 times; median 

variety= 3 

 

Most consumed fruits were apple, banana, commercial infant 

mixed fruits, pear and commercial infant fruit. 

 

Most consumed vegetables were pumpkin, carrot, potato, 

sweet potato and homemade vegetable dishes. 
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Table 2.3 continued. 

Study: Subjects: Study design, dietary measurement 

methods and variable definitions: 

Findings on fruit and vegetable intakes: 

Byrne R., Magarey A. & Daniels 

L. 2014 (138) 

 

n= 551 aged 12-16 months 

old; healthy full-term 

infants recruited at birth for 

the NOURISH (147) and 

SAIDI (146) studies; 

Australia. 

Cross-sectional. NOURISH is a 

randomized-controlled trial. F and v data 

reported in this paper were obtained from 

the control arm of the study at Time 2. 

SAIDI is a cohort longitudinal study. F 

and v data reported in this paper were 

obtained from Time 2 of the study. 

 

1x24-hour multiple pass dietary recall 

administered via phone interviews by 

trained nutritionists. 

 

Fruit juice excluded. 

Non-fat potatoes included. 

 

Consumers: ate f or v at least once in the 

day of the recall. 

Consumers: 87% (f) and 77% (v); median intake= 131g/day 

(f) and 89g/day (v).  

 

Most frequently consumed f: banana, sultana, strawberry and 

seedless green grapes. 

 

Most frequently consumed v: cooked carrots, potato and 

broccoli. 

Foterek K., Hilbig A. & Alexy 

U. 2015 (18) 

 

n= 281 children aged 6 to 9 

months;  DOrtmund 

Nutritional and 

Anthropometric 

Longitudinal Designed 

(DONALD) study (148); 

Germany. 

Longitudinal, open cohort. 

 

3-day weighed dietary records. 

Variety: number of individual f and v 

eaten (>10g) at least once in the 3 days of 

diet record. 

 

Juices included. 

All forms of potatoes included. 

Total intake: 69 g/day (f); 45 g/day (v) 

Variety score: 2.0 (f); 2.5 (v) 
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Table 2.3 continued. 

Study: Subjects: Study design, dietary measurement 

methods and variable definitions: 

Findings on fruit and vegetable intakes: 

Pan Yu et al 2016 (142) 

 

n= 1,350 children aged 6 to 

35 months; Maternal and 

Infant Growth (MING) 

study (149). Children were 

recruited from maternal 

and child care centres in 

eight cities in China. 

Cross-sectional study. 

 

1 x 24-hours dietary recall via face-to-

face interview with primary caregiver by 

trained interviewers. 

 

Fruit juice included. 

All forms of potatoes included. 

 

Consumers: ate f or v at least once on the 

day of the recall. 

F consumers: 

6-8 months old: 48% 

9-11 months old: 55% 

12-14 months old: 62% 

15-17 months old: 55% 

18-20 months old: 68% 

21-23 months old: 73% 

 

Vconsumers: 

6-8 months old: 37% 

9-11 months old: 57% 

12-14 months old: 77% 

15-17 months old: 71% 

18-20 months old: 83% 

21-23 months old: 84% 

 

Most consumed f: apple, banana, citrus fruits, grapes and kiwi. 

 

Most consumed v: Chinese cabbage, carrots, spinach, kale and 

tomatoes. 
aOdds ratio 
bConfidence Interval 
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2.1.4 Consequences of inadequate consumption 

Adequate and varied consumption of FV is an important characteristic of a balanced 

and high quality diet (150-152). In growing children, a diet high in FV may help to 

promote healthy teeth and bone growth (153, 154), weight management (155, 156) 

and improve sleeping patterns (157). Moreover, FV are good sources of fibre, 

vitamins and minerals (158) that help with bowel and digestive health and protect 

against non-communicable diseases (NCD) (1). Non-communicable diseases (NCD) 

is the current global leading cause of deaths (159). The contribution of NCD to 

mortality rates is projected to increase globally by 15% between 2010 and 2020, 

mostly due to an ageing world population and the steep decline in mortality rates 

from infectious diseases (160). Globally in 2013, the principal causes of NCD deaths 

were cardiovascular diseases (17.3 million, 45.1% NCD deaths), cancers (8.2 

million, 21.4% NCD deaths), chronic respiratory diseases (4.3 million, 11.3% NCD 

deaths) and diabetes (3 million, 7.8% NCD deaths) (159). 

 

The key modifiable dietary risk factors that contributed to the burden of disease from 

NCD were excessive salt intake, inadequate FV consumption, excessive alcohol 

consumption and high intakes of saturated and trans fats (161). Of these, inadequate 

FV consumption was responsible for an estimated 5.2 million deaths in 2013 (159).  

 

In Australia in 2011, inadequate consumption of FV was estimated to account for 

62,751 (3.4% total) Disability Adjusted Life Year (DALY) per year (162); an 

increase from the 55,000 DALYs (2.1% total) per year reported in 2003 (163). These 

figures are higher than for diets high in processed meats (1.4% total DALY), 
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saturated fat (0.7% total DALY), sodium (0.3% total DALY) and sweetened 

beverages (0.3% total DALY) (162).  

 

Moreover, there is evidence to show a potentially protective effect of FV intakes on 

the development of chronic diseases in later life (164). Evidence for the burden of 

disease attributable to inadequate FV intakes and the link between fruit and vegetable 

consumption and the top 4 causes of NCD mortality rates (cancer, cardiovascular 

diseases, chronic respiratory diseases and diabetes), obesity and future protection 

against future diseases are presented below. 

 

2.1.4.1  Cancers 

A global estimation by Lock et al in 2005 revealed that increasing individual FV 

consumption by 600g daily would reduce the burden for stomach, oesophageal, lung 

and colorectal cancer by 19%, 20%, 12% and 2%, respectively (165). In Australia in 

2011, a diet low in fruit was estimated to account for 20% of the disease burden of 

mouth and pharyngeal cancer, oesophageal cancer and laryngeal cancer while a diet 

low in vegetables was estimated to account for 21% of the burden due to laryngeal, 

mouth and pharyngeal cancer (162).  

 

The relationship between fruit and vegetable consumption and risk of cancer is well 

studied. Generally, research shows that adequate consumption of FV is beneficial 

against the development of certain cancers but to date, no protective effects have 

been firmly established (166). The discrepancies of results reported in various studies 

across the globe make it difficult to accurately determine the strength of the 
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relationship between fruit and vegetable intakes and cancer risk. For example, in an 

earlier report in 1997, the World Cancer Research Fund (WCRF) and the American 

Institute of Cancer Research (AICR) concluded that there was ‘convincing’ evidence 

for the protective effects of fruit and vegetables on cancer of the oesophagus, mouth, 

pharynx, stomach, colon, rectum and lungs (167) but lowered the strength of the 

evidence for these cancers in their 2007 report (8). The main reason for this change 

was new evidence from large prospective studies that do not support the results 

observed in earlier studies (166). Many of the earlier studies failed to control for 

possible confounding factors such as alcohol and tobacco which were shown to cause 

large increases in the risk for several cancers and were usually associated with low 

fruit and vegetable intakes (166). The heavy reliance on case-control studies in the 

1997 report also presented a form of bias as control subjects may not be 

representative of the general population (eg: more health conscious) and study 

subjects may over-estimate their usual fruit and vegetable intakes in response to 

being studied or reported intakes post-diagnosis of cancer (166).  

 

Table 2.4 below summarises the conclusions from major cancer prevention reports 

regarding the protective effect of fruit and vegetables while Table 2.5 presents a 

summary of the dose-response relationship for fruit and vegetable consumption and 

selected cancers reported by the WCRF and AICR (8). Overall, the strongest 

evidence linking low fruit and vegetable intakes with cancer was observed for 

stomach, oesophagus, mouth/oral cavity and colorectal cancers. The strongest dose-

response relationship was found for oesophageal cancer, followed by 

mouth/pharynx/larynx and stomach cancers (8). 
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Table 2.4 Conclusions from the major cancer prevention reports regarding the 

protective effect of fruit (F) and vegetables (V)¶. 

Organisation Highest Evidence 

‘Convincing’* 

Moderate Evidence 

‘Probable’** 

Lower Evidence 

‘Possible/Limited’*** 

 

World Cancer Research 

Fund and American 

Institute for Cancer 

Research 2007 (8) 

- Mouth (F&V) 

Pharynx (F&V) 

Larynx (F&V) 

Oesophagus (F&V) 

Stomach (F&V) 

Lung (F&V) 

Nasopharynx (F&V) 

Colon & rectum (F&V) 

Pancreas (F) 

Liver (F) 

Lung (V) 

Ovary (V) 

Endometrium (V) 

 

International Agency for 

Research on Cancer 2003 

(168) 

- Oesophagus (F&V) 

Stomach (F) 

Colon & rectum (V) 

Mouth (F&V) 

Pharynx (F&V) 

Larynx (F&V) 

Kidney (F&V) 

Colon & rectum (F) 

Bladder (F) 

Stomach (V) 

Lung (V) 

Ovary (V) 

 

WHO/FAO 2003 (1) - Oral cavity (F&V) 

Oesophagus (F&V) 

Stomach (F&V) 

Colon & rectum 

(F&V) 

 

- 

UK Department of Health 

1998 (169) 

Oesophagus (F&V) Stomach (F&V) 

Colon & rectum (V) 

 

Breast (F&V) 

World Cancer Research 

Fund and American 

Institute for Cancer 

Research 1997 (167) 

Mouth (F&V) 

Pharynx (F&V) 

Oesophagus (F&V) 

Stomach (F&V) 

Colon & rectum (V) 

Lung (F&V) 

Larynx (F&V) 

Pancreas (F&V) 

Breast (F&V) 

Bladder (F&V) 

Ovaries (F&V) 

Cervix (F&V) 

Endometrium (F&V) 

Thyroid (F&V) 

Liver (F&V) 

Prostate (V) 

Kidney (V) 

¶table adopted from ‘Position Statement: Fruit, vegetables and cancer prevention’, Cancer Council 

Australia 2007 (170). 

*evidence from at least two independent cohort studies, or at least five case-controlled studies with 

direction of effect generally consistent with evidence for plausible mechanisms. 

**evidence from at least two independent cohort studies, or at least five case-controlled studies of 

good quality with homogenous results, and evidence for plausible mechanisms. 

***evidence from more than one study type and at least two independent cohort studies of good 

quality, homogenous results, the presence of dose-response and strong evidence for plausible 

mechanisms. 
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Table 2.5 Summary of dose-response relationship for fruit and vegetable consumption 

and selected cancer types€. 

Cancer type Dose-response: 

 

Oesophagus Fruit:- 

Per 50g/day increase: 

22% reduced risk  

30% reduced risk (citrus fruits) 

 

Vegetable:- 

Per 50g/day increase: 

31% reduced risk 

 

Mouth/Pharynx/Larynx Fruit:- 

Per 100g/day increase: 

18% reduced risk  

24% reduced risk (citrus fruits) 

 

Vegetable:- 

Per 50g/day increase: 

28% reduced risk 

 

Stomach Fruit:- 

Per 50g/day increase: 

17% reduced risk  

 

Vegetable:- 

Per 50g/day increase: 

15% reduced risk 

21% reduced risk (green-yellow vegetables) 

57% reduced risk (green leafy vegetables) 

30% reduced risk (tomatoes) 

25% reduced risk (raw vegetables) 

 

Lung Fruit:- 

Per 80g/day increase: 

6% reduced risk (cohort studies) 

20% reduced risk (case-control studies) 
€Source: World Cancer Research Fund and American Institute for Cancer Research 2007 (8). 

 

As presented in Table 2.5 above, the dose-response relationship was generally 

stronger for vegetables than fruits. This observation was further supported by a more 

recent study by Bofetta and colleagues using data from 142,605 men and 335,873 

women from the European Prospective Investigation into Cancer and Nutrition 

(EPIC) study (171). In a paper published in 2010, the EPIC team reported that intake 

of fruits showed a weaker inverse association with cancer risk compared with total 

vegetables (100g/day increase of total fruits, Hazard Ratio = 0.99, 95% CI = 0.98 to 
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1.00) (171). Interestingly, they further reported that the reduced risk of cancer 

associated with high intake of vegetables was only found in women (Hazard Ratio = 

0.98, 95% CI= 0.97 to 0.99) and not men. This may be due to the fact that more than 

half of the women in the study (56.8%) reported total fruit and vegetable intakes at 

the highest quintile while 62.8% men consumed fruits and vegetables at the lowest 

quintile (171). In a 2014 paper, the EPIC team reported that the risk of cancers of the 

upper gastrointestinal tract was inversely associated with fruit intake but not 

vegetable intake; cancer risk for colorectal cancer was inversely associated with total 

fruit and vegetable intakes, and lung cancer risk was inversely associated with fruit 

intake and not vegetable intake (172). These findings (presented in Table 2.6 below) 

support the dose-response findings of the 2007 WCRF and AICR review previously 

presented in Table 2.5 above. 

 

Table 2.6 Adjusted Relative Risks (95% Confidence Intervals) for intakes of fruit and 

vegetable in relation to cancer risk in the European Prospective Investigation into 

Cancer and Nutrition (EPIC) study*. 
Cancer site: Fruit: Vegetable: 

Mouth, pharynx, larynx and oesophagus 0.93 (0.81,1.05)a 0.75 (0.53,1.04)a 

Stomach 0.94 (0.87,1.02) 0.85 (0.70,1.02) 

Colorectum 0.97 (0.93,1.01)b 

Liver - - 

Biliary tract - - 

Pancreas 1.02 (0.92,1.13) 1.07 (0.87,1.33) 

Lung 0.94 (0.88,1.01) 0.94 (0.83,1.07) 

Breast 1.03 (0.98,1.08) 1.02 (0.91,1.14) 

Cervix 0.83 (0.72,0.98) 0.85 (0.62,1.10) 

Endometrium - - 

Ovary 1.10 (0.99,1.23)c 0.90 (0.71,1.14)c 

Prostate - - 

Kidney 1.08 (0.94,1.23)a 0.93 (0.66,1.29)a 

Bladder 0.98 (0.90,1.05) 0.96 (0.81,1.14) 

Lymphoma 0.99 (0.81,1.19) 1.04 (0.96. 1.13) 

*Table adopted from Bradburry et al 2014 paper (172). Approximately 470,000 participants included 

in most analyses, except for cancers of breast, cervix, endometrium and ovary (approximately 330,000 

women) and prostate cancer (approximately 140,000 men). Values shown are per 100 grams/day 

increase in fruit or vegetable intake unless stated otherwise. 
aper 40 grams/day increase in fruit or vegetable intake. 
bfor combined fruit and vegetable intakes. 
cper 80 grams/day increase in fruit or vegetable intake. 
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How fruit and vegetables protect against cancer is unclear although many different 

mechanisms were proposed (9). Fruit and vegetables are good sources of a range of 

vitamins, minerals, antioxidants, fibre and phytochemicals that are thought to protect 

against some cancers (170). This can be achieved through a number of mechanisms 

such as reduction of the oxidative damage to DNA caused by free radicals, reduction 

of the formation and activation of carcinogens, and altering the cellular and 

enzymatic activity that are important in cancer development (170). Some vegetables 

that are high in folate such as green leafy vegetables are also thought to be protective 

against cancers caused by high levels of homocysteine in the blood and DNA 

hypomethylation (119). Vitamin C found in fruit and vegetables (particularly in 

citrus fruits) was found to be protective in some studies while carotenoids found in 

orange, red and yellow vegetables may help with the maintenance of immune 

function (119). Other phytochemicals such as lycopenes (found in tomatoes), 

dithiolthiones (found in cruciferous vegetables) and allyl sulphites (found in garlic) 

were also studied for their potentially protective effect against cancer (8). 

Consumption of fruit and vegetables which contribute to adequate intakes of dietary 

fibre was also shown to be protective against colorectal cancer (8, 173, 174), though 

the exact mechanism for this is unclear. There is also evidence to show that the 

cancer- protective effect against oxidative damage can only be effective when fruit 

and vegetables were consumed from childhood or early adult life (175).  

 

Adequate fruit and vegetable consumption may also protect against cancer indirectly 

through its association with healthy weight status. Obesity is a risk factor for 

colorectal, renal, pancreatic, oesophageal, liver, gallbladder, breast and endometrial 
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cancers (1, 8, 168). Moreover, a recent study by Zhang and colleagues (2015) on 

more than 75,000 women and 34,000 men using data from the Nurses’ Health Study 

and the Health Professionals Follow-Up study showed that childhood obesity 

(independent of adult obesity) was a significant risk factor for colorectal cancer in 

adults, particularly women (176). This provides prospective evidence in support of 

the importance of adequate fruit and vegetable consumption from childhood. 

 

2.1.4.2  Cardiovascular diseases (CVD) 

Globally, coronary heart disease (CHD) and stroke due to low fruit and vegetable 

intakes were estimated to be responsible for approximately 1.8 million and 474,000 

deaths per year, respectively (165). An increase in 600 grams/day of total fruit and 

vegetable intakes was estimated to reduce the global burden of CHD and stroke by 

31% and 19% respectively (165). A comprehensive systematic review and dose-

response meta-analysis of prospective cohort studies published up to August 2013 

concluded that the average reduction of cardiovascular diseases (CVD) mortality risk 

was 4% for each additional serving per day of fruit and vegetables combined, 5% for 

fruit consumption and 4% for vegetable consumption (177). Recent data from 

Australia estimated that inadequate intakes of fruits and vegetables contributed to 

19% of the burden of cardiovascular diseases (CVD) (162). This is a highly 

significant contribution in comparison to CVD burden due to obesity (21%), high 

cholesterol (16%) and tobacco use (12%) (162). 
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The evidence linking CVD to inadequate fruit and vegetable intakes is consistent. 

Significant inverse relationships between fruit and vegetable intakes and CHD and 

stroke were found in large meta-analyses of prospective cohort studies (3, 4, 178, 

179). The findings from these studies are summarised in Table 2.7 below. 
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Table 2.7 Summary of findings from meta-analyses of prospective cohort studies on the association between fruit (F) and vegetable (V) consumptions 

and cardiovascular diseases. 
Study: Sample: Findings*: 

Joshipura K.J. et al 1999 

(179) 

75,596 women (34 to 59 years); Nurses’ Health 

Study (180); 38,683 men (40 to 75 years); Health 

Professional Follow-Up Study (181); 8-year follow-

up (1986 to 1994); 987 stroke events. 

Highest versus lowest quintile of FV intake: RR for stroke = 0.69, 95% CI = 0.52-0.92. 

RR (95% CI) for stroke for increase in 1 serve daily: 

- 0.94 (0.90-0.99) (FV) 

- 0.68 (0.49-0.94) (cruciferous vegetables) 

- 0.79 (0.62-0.99) (green leafy vegetables) 

- 0.81 (0.68-0.96) (citrus fruits) 

Increase in 2 serves of FV daily; RR = 0.96, 95% CI= 0.93-1.00. 

Intakes of legumes and potatoes not associated with stroke risk. 

Dauchet L. et al 2006 (3) 91,379 men, 129,701 women 

9 prospective cohort studies (7 U.S., 2 Finland); 5 to 

19 year follow up; 5007 coronary heart disease 

(CHD) events. 

Total studies reported inverse association with CHD risk: 

- n=6 for FV intake 

- n=6 for fruit intake 

- n=7 for vegetable  

RRs for CHD per 1 portion/day increase: 

- 0.79 to 0.97 (FV) 

- 0.81 to 0.95 (fruit) 

- 0.60 to 0.98 (vegetable) 

Reduction of CHD risk per 1 portion/day increase: 

- 4% (FV) 

- 7% (fruit) 

He F.J. et al 2007 (178) 278,459 men and women; 3 independent cohort 

studies (9 U.S., 4 Europe); median 11 years follow-

up; 9143 CHD events. 

RR (95% CI) for CHD compared to < 3 servings/day of FV: 

- 0.93 (0.86-1.00) (3-5 FV servings/day) 

- 0.83 (0.77-0.8) (> 5 FV servings/day) 
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Table 2.7 continued. 

Study: Sample: Findings*: 

Hu D. et al 2014 (4) 760,629 men and women; 20 prospective cohort 

studies (6 U.S., 8 Europe, 6 Asia); 16,981 stroke 

events. 

RR (95% CI) for stroke for highest versus lowest level of intake: 

- 0.79 (0.75-0.84), I2= 16.6% (FV) 

- 0.77 (0.71-0.84), I2=52.3% (fruit) 

- 0.86 (0.79-0.93), I2= 40.3% (vegetable) 

Inverse associations found for (RR, 95%CI): 

- Citrus fruits (0.72, 0.59-0.88) 

- Leafy vegetables (0.88, 0.79-0.98) 

- Apples/Pears (0.88, 0.81-0.97) 

Stroke risk per increase of 200g/day: 

- 32% decrease (fruit) 

- 11% decrease (vegetable) 

*RR- relative risk; CI- Confidence Interval; I2- heterogeneity among studies with I2 =25% (low), 50% (moderate), 75% (high) (4).  
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According to a meta-analysis of 9 prospective cohort studies by Dauchet and 

colleagues, an increase of 1 portion/day of fruit and vegetables led to a 4% decrease 

in CHD risk (3). When fruits and vegetables were analysed separately, an increase of 

1 portion/day of fruit intake lead to 7% decrease in CHD risk while estimation for 

vegetables was not determined due to the heterogeneity of data reporting associations 

between vegetable intakes and CHD risks (3). Moreover, exceeding the daily 

recommendations for fruit and vegetables (>5 serves/day) provided a protective 

effect with 17% reduction of CHD risk compared to those who consumed <3 serves 

of fruit and vegetables per day (178).  

 

Total fruit and vegetable intake contributed to a reduction of 6% stroke risk per 1 

serve/day increment in intake (179) with up to 21% stroke risk reduction reported 

when comparing the lowest and highest level of fruit and vegetable intakes (4). In the 

most recent meta-analysis conducted by Hu and colleagues (2014), fruit contributed 

to the largest decrease (32% per 200g/day increase in fruit intake) in stroke risk with 

citrus fruits being the top contributor to the reduction of stroke risk (28% risk 

reduction) when types of fruits were analysed separately (4). This result supports the 

findings from the 1999 meta-analyses by Joshipura and colleagues using data from 

the Nurses’ Health and Health Professional Follow-Up studies which reported 19% 

reduction of stroke risk per 1 serve/day increment of citrus fruits (179). 

 

Fruits and vegetables protect against CVD through various mechanisms. 

Components with anti-oxidant activity (eg: vitamin C and E) and phytochemicals 

found in fruits and vegetables may reduce risk of inflammation, haemostasis and the 

formation of atherogenic plaques that lead to CVD (119). Studies conducted on the 
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effects of vitamin C and beta-carotene supplementation on CVD and stroke risks 

produced inconclusive results with some studies showing a protective effect while 

others reported no effect (182-184). Importantly, reviews on antioxidants and CVD 

suggest that the CVD protective effect of fruits and vegetables may be due to the 

presence of various nutrients found in the whole fruits and vegetable and not 

necessarily from supplementation of single antioxidants (183, 185). Findings from 

the meta-analyses of large prospective cohort studies that were previously discussed 

seemed to provide weight to this observation with citrus fruits (rich in vitamin C) 

found to reduce stroke risk (4, 179). 

 

Potassium and magnesium found in fruits and vegetables may reduce the incidence 

and mortality attributable to CVD (186). Potassium was found to be inversely 

associated with blood pressure and arrhythmias (186, 187). Dietary folate and 

vitamin B12 are important for the metabolism of homocysteine (186) and can be 

found in lentils, spinach, broccoli, asparagus and other dark green leafy vegetables 

(119). Elevated blood homocysteine levels is suggested as an important predictor of 

CVD risk (188). However, meta-analyses of studies on the use of dietary 

supplementation of folate reported lowering of plasma homocysteine that did not 

lead to reduction of CVD risk (188, 189), further lending credence to the theory that 

the protective effect of fruit and vegetables may be due to consumption of whole 

fruits and vegetable. Like citrus fruits, increasing intake of green leafy vegetables 

(rich in folate) was found to be protective against stroke in prospective cohort studies 

(4, 179). 
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Inadequate intake of fibre is an important predictor of CVD (119). In Australia alone, 

a diet low in fibre was responsible for 34,206 DALYs and 10% burden due to CVD 

in 2011 (162). High dietary fibre intakes were linked to lower rates of CVD, mainly 

through the lowering of plasma cholesterol levels (119). Fibre may also help to 

protect against CVD risk by decreasing the insulinemic response of carbohydrates as 

high levels of insulin were found to promote dyslipidemia, hypertension, 

atherosclerosis and abnormalities in blood clotting factors (186).  

 

The phytoestrogen and isoflavone content found in legumes such as soy beans were 

also suggested to play a role in reducing CVD risk through their cholesterol 

lowering, anti-oxidative and anti-inflammatory effects (190, 191). However, it is 

unclear if the CVD protective effect is specifically due to isoflavones or consumption 

of legumes/soy foods. 

 

Besides the food components found in fruits and vegetables, obesity is an important 

risk factor for CVD which has been linked to poor fruit and vegetable intakes and a 

range of poor lifestyle factors (1). It is possible that the protective effect of fruits and 

vegetables may be due to a set of lifestyle attributes that prevents unhealthy weight 

gain. Therefore, studies on the effect of whole diets on the risk of CVD while 

controlling for lifestyle confounders such as the Mediterranean (192) and DASH 

(193) Diets may provide a better understanding on the role of fruits and vegetables in 

lowering CVD risk than studies focusing on specific nutrients alone. 
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2.1.4.3  Chronic respiratory diseases (CRD) 

Chronic respiratory diseases (CRD) refers to chronic diseases of the airways and 

lungs such as asthma, chronic obstructive pulmonary disease (COPD), lung cancer, 

sleep apnoea and occupational lung diseases (194). The link between fruit and 

vegetable intakes and risk of lung cancer has been previously discussed in Section 

2.1.4.1.  

 

Currently, there is no known estimate of CRD burden attributable to inadequate fruit 

and vegetable consumption. Emerging evidence generally shows an inverse 

association between fruit and vegetable intakes and risk of COPD and asthma (195, 

196). In a review on 22 studies (4 cohort, 2 case-control, 16 cross-sectional) by 

Boeing and colleagues (2012), consumption of fruit was found to be inversely 

associated with COPD risk with risk reduction ranging from 24% (per increase of 

100 grams of fruit/day) to 54% (if consume ≥ 93 grams of vegetable/day and ≥ 131 

grams of fruit/day) (197). An inverse association between fruit intake and COPD 

respiratory symptoms such as sputum production and chronic cough was also 

observed in cross-sectional and cohort studies (198, 199). 

 

Type of fruit consumed may also be important with evidence of a decrease of COPD 

risk with greater apple intake (≥ 3 apples/week) (200). Higher consumption of whole 

fruits such as apples and pears was found to reduce COPD mortality risk by 51% in a 

European cohort study on 12,763 men aged 40-59 years old (25-year follow up) 

(201). Consumption of at least 5 apples/week was also found to be associated with 

better lung function (measured as Forced Expiratory Volume 1, FEV 1) in a 
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prospective cohort study on 2512 UK men aged 45-59 years (5-year follow up) 

(202).   

 

Compared to fruit intake, only a few studies have reported an association between 

vegetable intake and COPD risk (200, 203-205). To date, no studies have reported 

significant associations between vegetable intake and lung function, COPD mortality 

risk and COPD respiratory symptoms.  

 

The evidence for vegetable intake and COPD risk stems from vegetables as a 

component of a healthy diet. In 2007, Varraso and colleagues published their 

findings from a prospective cohort study on 72,043 U.S. women (16-year follow up) 

and 42,917 U.S. men (12-year follow up) and reported that higher intakes of a 

‘prudent diet” (high in fruits, vegetables and fish) significantly reduced COPD risks 

by 25% and 50% for women and men respectively (206, 207). Moreover, a 3-year 

randomised controlled trial (RCT) by Keranis and colleagues on 120 COPD patients 

reported significantly improved lung function in the intervention group (diet high in 

fruits and vegetables) (208). However, this result was contrasted by the findings of a 

12-week RCT by Baldrick and colleagues which reported no significant 

improvement in lung function, oxidative stress and systemic inflammation in the 

intervention group (n=81) (209). The difference in the RCT findings suggests that a 

longer duration of intervention is required to produce a therapeutic effect.  

 

The link between fruit and vegetable intake and asthma and wheezing is well studied. 

A comprehensive 2014 systematic review and meta-analysis by Seyedrezazadeh and 

colleagues on 12 cohorts, four population-based case-control studies and 26 cross-
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sectional studies concluded that total fruit and vegetable intake was inversely 

associated with risk of asthma in both adults and children (RR=0.54, 95% CI= 0.41-

0.69). A detailed summary of the key significant findings from this meta-analysis is 

presented in Table 2.8.  

 

Interestingly, Seyedrezazadeh and colleagues also found that higher maternal 

consumption of fruits and vegetables during pregnancy had no protective effect 

towards future asthma development in children (5); a finding supported by the most 

recent meta-analysis on 31 published studies on the link between dietary patterns and 

asthma (210). This paper by Lv and colleagues also concluded that the 

Mediterranean diet (a diet pattern high in plant foods, low or moderate in meat and 

dairy foods) may be protective against asthma and wheezing in children (210). 

 

The association for risk of wheezing and asthma is generally more obvious for fruit 

than vegetables, especially when pertaining to apple consumption (5, 197). Apple is a 

rich source of quercetin, which may explain why apple in particular, provides a 

protective effect against CRD (211). Quercetin is a flavonoid thought to provide an 

anti-inflammatory and anti-allergic effect against asthma development and 

progression (212). Besides quercetin, other flavonoids such as isoflavones found in 

soy, were also studied for its effect on asthma but current evidence to support 

flavonoid supplementation for prevention of asthma in humans is inconclusive (195, 

213). 
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Table 2.8 Summary of the key significant findings from the Seyedrezazadeh et al 2014 

paper (5). 

Condition: Findings*: 

Risk of wheezing Fruit: 

- Inverse association:- 

• Total: RR=0.81, 95%CI=0.74-0.88, I2=83.1% (2 C, 13 CS) 

• Adults: RR= 0.69, 95%CI= 0.49-0.96, I2=17.5% (1 C, 1 CS) 

• Children: RR= 0.81, 95%CI=0.74-0.88, I2=83.1% (1 C, 13 

CS) 

- 21% risk reduction in cross-sectional studies (13 CS) 

- RR= 0.64, 95%CI= 0.42-0.98, I2= 71.9% (apples) (2 CS) 

- RR=0.68, 95%CI=0.60-0.76, I2= 35.2% (citrus) (4 CS) 

Vegetables: 

- Inverse association:- 

• Total: RR=0.88, 95%CI=0.79-0.97, I2=83.7% (1 C, 10 CS) 

• Children: RR= 0.88, 95%CI=0.79-0.97, I2=83.7% (1 C, 9 CS) 

- 14% risk reduction in cross-sectional studies (10 CS) 

- RR=0.50, 95%CI=0.35-0.70, I2=40.1% (tomatoes) 

 

Risk of asthma Fruit: 

- Inverse association:- 

• Total: RR=0.84, 95%CI=0.80-0.90, I2=70.0% (5 C, 5 CC, 14 

CS) 

• Adults: RR=0.77, 95%CI=0.68-0.87. I2=84.4% (3 C, 2 CC, 4 

CS) 

• Children: RR= 0.90, 95%CI=0.86-0.94, I2=24.5% (2 C, 2 CC, 

8 CS) 

- 22% risk reduction in cohort studies (5 C) 

- 16% risk reduction in cross-sectional studies (14 CS) 

- RR=0.84, 95%CI= 0.78-0.91, I2=52.8% (apples) (1 C, 2 CC, 4 CS) 

- RR= 0.86, 95%CI= 0.78-0.96, I2=60.7% (citrus) (1 C, 1 CC, 3 CS) 

Vegetables: 

- Inverse association  

• Total: RR=0.88, 95%CI=0.82-0.95, I2=83.8% (2 C, 3 CC, 13 

CS) 

• Adults: RR= 0.84, 95%CI= 0.74-0.96, I2=92.7% (1 CC, 5 CS) 

- 13% risk reduction in cross-sectional studies (13 CS) 

*RR- Relative Risk, CI- Confidence Interval, I2- heterogeneity among studies with I2 =25% (low), 

50% (moderate), 75% (high) (4); C- Cohort study, CC- Case-control study, CS- Cross-sectional study. 

 

The lung exists in an oxygen-rich environment where a tight control of redox balance 

is required to prevent oxidative stress that may lead to inflammation and infection of 

the airway and lung cells (214). Though theoretically sound, the benefit of the 

supplementation of dietary antioxidants such as vitamins C and E over the 

consumption of whole foods such as fruits and vegetables in the prevention of CRD 

is not well established (195). Besides vitamins C and E, vitamin D was also studied 

in its protective role against the susceptibility and severity of infections leading to 
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lung disease but evidence in this area is limited by the lack of human 

supplementation studies and the difficulties in isolating the indirect effect of vitamin 

D from sun exposure from the direct effect of vitamin D supplementation on CRD 

progression (195).  

 

Some minerals such as sodium, magnesium and selenium have been found to be 

protective of respiratory conditions though current evidence is sparse and 

inconclusive (195). Polyunsaturated fatty acids (PUFAs) found in nuts, seeds, soy 

and leafy vegetables were also postulated to provide protection against CRD through 

its role in enzymatic pathways and inhibition of the production of inflammatory 

mediators (214). However, evidence for the role of PUFAs in CRD is limited to 

studies using omega-3 oil supplementation from marine sources. Even so, a 

Cochrane review of evidence concluded that there is currently insufficient evidence 

to recommend the supplementation of omega-3 PUFAs in asthma (215).  

 

Overall, there is adequate evidence from cross-sectional and case-control studies to 

support the inverse association between fruit and vegetable intakes and CRD. 

However, due to the lack of prospective cohort studies and RCTs, the current 

evidence for the association between intake of fruit and vegetable and CRD risk is 

considered ‘probable’ (197) while the inconsistency and scarcity of findings from 

supplementation studies limit understanding of the exact mechanism of action on 

how high intakes of fruits and vegetables protect against CRD. 
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2.1.4.4  Diabetes mellitus 

Diabetes mellitus or Type 2 diabetes (T2DM) is a progressive condition in which the 

body becomes resistant to the effects of insulin and gradually loses the capacity to 

produce enough insulin in the pancreas (216). Diabetes mellitus is genetically linked 

and is strongly associated to modifiable lifestyle factors (216). Currently, the global 

prevalence of diabetes among adults 18 years and older has risen from 4.7% in 1980 

to 8.5% in 2014 with an estimated 1.5 million deaths directly caused by diabetes in 

2012 (217). Current estimates in Australia showed around 5.4% Australian adults 

aged 18 years and over with diabetes (218). High blood plasma glucose was directly 

responsible for 2.7% of DALYs in Australia (162). Importantly, the prevalence of 

type 2 diabetes has significantly increased in the paediatric population in the last 30 

years (219, 220), making what was previously termed as adult-onset diabetes no 

longer unique to adults.  

 

Currently, there is no known estimate of diabetes burden attributable to inadequate 

fruit and vegetable consumption. Evidence to date suggested that consumption of 

fruit and vegetables does not appear to be directly associated with the risk of type 2 

diabetes (119). Table 2.9 summarises the five meta-analyses of prospective cohort 

studies that provided evidence towards this conclusion.  
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Table 2.9 Summary of findings from 5 meta-analyses of prospective cohort studies for 

evidence on the association between fruit (F) and vegetable (V) consumption and risk of 

Type 2 Diabetes mellitus (T2DM). 
Study: Characteristics: Findings*: 

Hamer M. & 

Chida Y. 2007 

(221) 

5 studies 

n=167,128 

4858 T2DM cases 

13 mean follow-up 

years 

Consumption of ≥ 5 serves/day of FV not associated 

with risk reduction of T2DM (RR= 0.96, 95% CI= 0.79-

1.17, p>0.05) 

Carter P. et al 

2010 (6) 

6 studies 

n=223, 512 

9581 T2DM cases 

Median 13.4 follow-

up years 

Highest versus lowest consumption: 

F: HR= 0.93, 95%CI= 0.83-1.01, p>0.05 

V: HR= 0.91, 95% CI= 0.76-1.09, p>0.05) 

FV: HR= 1.0, 95%CI= 0.92-1.09, p>0.05 

 

Higher consumption of green leafy vegetables 

significantly reduced risk of T2DM by 14% (HR= 0.86, 

95%CI= 0.77-0.97, p<0.05) 

Li M. et al 2014 

(222) 

10 studies 

n=434,342 

24,013 T2DM cases 

Median 11 follow-

up years 

Per 1 serving/day increase: 

F: RR= 0.93, 95%CI= 0.88-0.99, p>0.05 

V: RR= 0.90, 95%CI= 0.80-1.01, p<0.01 

 

Increase of 0.2 serving/day of green leafy vegetable: 

13% risk T2DM risk reduction (RR= 0.87, 95% CI= 

0.81-0.93, p>0.05) 

Wu Y. et al 2015 

(223) 

9 studies 

n=472,159 

33,545 T2DM cases 

4.6 to 20 follow-up 

years 

Per 1 serving/day increase: 

F: RR=0.99, 95%CI= 0.97-1.0, p=0.05 

V: RR= 0.98, 95%CI= 0.95-1.01, p>0.05 

FV: RR= 0.99, 95%CI= 0.98-1.0, P>0.05 

Wang P. et al 

2016 (7) 

15 studies 

n= 518,243 

35,005 T2DM cases 

4 to 24 follow-up 

years 

Highest versus lowest intake: 

F: RR= 0.91, 95%CI= 0.87-0.96, p<0.05 

Blueberries: RR= 0.75 (95%CI= 0.81-0.93, p<0.05 

Green leafy vegetables: RR= 0.87, 95%CI= 0.57-0.90, 

p<0.05 

Yellow vegetables: RR= 0.72, 95% CI= 0.57-0.90, 

p<0.05 

Cruciferous vegetables: RR= 0.93, 95%CI= 0.88-0.99, 

p<0.05 

*RR- Relative Risk, HR- Hazard Ratio, CI- Confidence Interval. 

 

Despite the general non-association between total fruit and vegetable consumption 

and risk of T2DM, consumption of certain types of fruit and vegetables seem to 

confer some protection against T2DM (6, 7, 222). Results from 3 meta-analyses 

consistently showed a T2DM risk reduction of around 13% with greater consumption 

of green leafy vegetables (6, 7, 222). Moreover, a most recent meta-analysis by 

Wang and colleagues provided evidence of T2DM risk reduction of 25%, 28% and 
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7% with the consumption of blueberries, yellow and cruciferous vegetables 

respectively (7).  

 

A few theories were proposed to explain why certain fruit and vegetables may be 

protective against T2DM. Fruit and vegetables are good sources of fibre which has 

been shown to reduce postprandial glucose responses through their low energy-

density and glycaemic load (224). However, evidence from the meta-analyses of 

prospective cohort studies to date do not support this theory (224). Green and yellow 

vegetables are also rich sources of phytochemicals such as carotenoids that act as 

antioxidants (225). Antioxidants were shown in some supplementation studies to be 

protective against T2DM (226, 227). Furthermore, magnesium, which can be found 

in green leafy vegetables, was shown to be inversely associated with T2DM risk 

(228-230). Fruit and vegetables may also lower the risk of T2DM indirectly through 

their role in weight gain, which is an established risk factor for T2DM (216, 231). 

Further evidence linking fruit and vegetable and weight gain is presented the Section 

1.2.4.5 below. 

 

2.1.4.5  Overweight and obesity 

Overweight and obesity are defined as excessive fat accumulation that may impair 

health (232). In adults, WHO defines overweight and obesity as a Body Mass Index 

(BMI) ≥ 25 kg/m2 and ≥ 30 kg/m2 respectively; in children 5 years and under, 

overweight and obesity are defined as weight-for-height > 2 standard deviations (s.d) 

and > 3 s.d above the WHO Child Growth Standards median respectively; in children 

between the ages 5 to 19 years, overweight and obesity are defined as BMI-for-age > 
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1 s.d and > 2 s.d. above the WHO Growth Reference median respectively (232). In 

2014, an estimated 52% of the world adults (232) and around 41 million children 

aged 5 years and under were overweight or obese (233). In Australia, 63.4% adults 

and 27.4% children were overweight or obese in 2014-2015 (234). Currently, there is 

no known estimates for the burden of obesity specifically attributed to inadequate 

fruit and vegetable consumption. Fruit and vegetables are low in energy-density and 

high in fibre which promote satiety and were theorised to help prevent obesity (155, 

156). However, reviews of evidence to date reported inconsistent findings and do not 

seem to support an association between fruit and vegetable intake and weight (156, 

235, 236). 

 

In one of the earliest review on the association between fruit and vegetable 

consumption and weight, Tohill and colleagues examined 16 (15 cross-sectional, 1 

prospective, n=366,995) and 2 studies (1 prospective, 1 cross-sectional, n=17,982) in 

adults and children respectively (236). They found that only 8 out of the 16 studies in 

adults and 1 study in children reported a significant association between fruit and 

vegetable consumption and weight (236). In studies reporting significant 

associations, the findings differ between gender and between fruit and vegetable 

consumption (236). The same conclusion was reached by a review conducted by 

Rolls and colleagues in the same year for intervention studies (n=4 studies) where 

subjects were advised to increase fruit and vegetable intake to help weight 

management, though the 2 randomised controlled trials (RCTs) reviewed in their 

paper reported significant weight loss (-17.2 and -10.8 respectively) after 3 weeks of 

trial where fruit and vegetables were provided to the study subjects (155). 
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Later reviews continue to produce inconsistent results. In 2009, Newby reviewed 14 

studies (3 prospective cohorts, 10 cross-sectional, 1 case-control) and concluded that 

prospective studies consistently did not show an association for fruit and vegetable 

intake with weight while findings from cross-sectional studies were mixed (235). 

Newby also reported that in children aged 2 to 14 years old, fruit and vegetable 

consumption was not associated with changes in weight and BMI (235). The same 

conclusion for children was reached in a 2011 review by Ledoux, Hingle and 

Baranowski (156). In their paper, they examined 11 prospective studies and found a 

weak association between increased fruit and vegetable intake and slower weight 

gain in adults while higher fruit and vegetable intakes were found to be associated 

with decreased adiposity in experimental studies (156). This conclusion, however, 

was not supported by two reviews on RCTs published in 2014 (237, 238). The 

findings from these two reviews are limited by the short duration of intervention 

(between 4 to 52 weeks) and a modest dose of fruit and vegetable (around 1.5 

serves/day) (237, 238). 

 

A more recent and larger review and meta-analysis on 17 RCTs published up to July 

2015 with follow-up duration between 9 months to 24 years reported some positive 

outcomes (n=563,277) (239). The authors reported an inverse association between 

fruit intake and change in weight (per 100 g increase, β= -13.68g/year, 95%CI= -

22.97 to -4.40) and waist circumference (per 100 g increase, β= -0.04 cm/year, 95% 

CI= -0.05 to -0.02) but no significant association was found for combined fruit and 

vegetable intake with weight and waist circumference (239). When comparing the 

highest to lowest intakes, the highest intake of combined fruit and vegetable 

decreased adiposity risk by 9% (OR=0.91, 95% CI= 0.8-0.99) while the highest 
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intakes of fruit and vegetables decreased adiposity risk by 17% each (OR=0.83, 95% 

CI= 0.71-0.99) (239). Despite the inverse associations found, the weight and waist 

circumference changes (per 100g increase of fruit) were small, especially when 

considering that the difference between the highest fruit intake to the lowest fruit 

intake was only 300g (239). The authors also highlighted that the quality of studies 

included in their review was poor and that there was high heterogeneity between the 

studies (239).  

 

Clearly, strong and conclusive statements regarding fruit and vegetable intake and 

weight cannot be made as evidence in this area of study is still at its infancy. 

However, studies on dietary patterns favouring high intakes of fruit and vegetables 

reported positive outcomes for weight loss (240-242); indicating that there may be 

some benefit in increasing fruit and vegetable consumption in the context of a whole 

diet towards weight loss. 

 

As briefly discussed in Sections 2.1.4.1, 2.1.4.2 and 2.1.4.4, obesity is a well-

established risk factor for cardiovascular diseases, diabetes mellitus and some 

cancers (243). Considering the lack of evidence for a prospective link (235, 237, 

238), poor fruit and vegetable intake may be a proxy for poor lifestyle choices and 

low socio-economic status (244-246), and may not be directly or independently 

responsible for adiposity. Future longitudinal studies should consider examining 

multi-directional models to unravel the complex interactions between fruit and 

vegetable consumption, adiposity and risk of chronic diseases.  
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2.1.4.6  Future health benefits 

The strongest evidence linking fruit and vegetable consumption in childhood to risk 

of chronic diseases in later life came from the Boyd Orr cohort, which consisted of 

over 4,000 U.K. children aged between 0 to 19 years who completed a one-week diet 

inventory between year 1937 to 1939 (164). Using data from the Boyd Orr cohort, 

Ness and colleagues published a paper in 2005 reporting their findings on the 

association between childhood (mean age = 7.5 years) fruit and vegetable intake and 

risk of cardiovascular disease and stroke (164). Data on all-cause mortality and 

deaths attributable to cardiovascular diseases and stroke were obtained for 4028 

participants of the study from death certificates and National Health Service Central 

register up to August 2000 (164). The authors found an inverse association between 

childhood intake of vegetables with risk of stroke; the odds ratio for highest versus 

lowest quintile of intake was 0.40 (95% CI = 0.19 to 0.83, p for trend <0.01) (164).  

 

In a separate analysis on the same cohort with 60-year follow-up, an inverse 

association between fruit intake and risk of cancer was also found (247). The odds 

ratio for highest versus lowest quintile of intake was 0.62 (95%CI = 0.43 to 0.90, p 

for trend <0.02) (247). Interestingly, at a 65-year follow-up involving analysis of 

adult blood samples for insulin-like growth factors (IGF-I), Martin and colleagues 

reported that IGF-I levels were positively associated with vegetable-rich diets (r = 

0.90, p<0.01) (248). IGF-I plays a vital role in somatic growth regulation in early life 

and is positively associated with some cancers and inversely associated with diabetes 

and coronary heart disease (248). Therefore, the findings from Martin and 

colleagues’ paper may have provided evidence of a potential mechanism explaining 
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the prospective link between fruit and vegetable intakes and the risk of chronic 

diseases. In summary, the findings from these studies suggest that childhood fruit 

and vegetable intake may have a prospective and protective effect against mortality 

attributable to chronic diseases such as cancer and stroke.  

 

2.1.5 The importance of fruit and vegetable variety 

In recent years, the recommendations for fruit and vegetable consumption around the 

world have evolved beyond recommendations for total consumption to include 

variety as discussed in Section 2.1.2. For example, the U.S. recommendations 

provide detailed weekly serve recommendations for vegetables from 5 different sub-

groups based on children’s age group and gender (117). Canadians are encouraged to 

“eat at least one dark green and one orange vegetable each day” (113) while 

Australians are recommended to “Enjoy a wide variety of nutritious foods from these 

five groups every day:- plenty of vegetables, including different types and colours, 

and legumes/beans” (10). Eating at least one fruit and  one vegetable from different 

sub-groups is also an easy and convenient way to meet fruit and vegetable 

recommendations (2, 113) and contributes to daily nutrient requirements (119). 

Variety adds to the enjoyment of food and may be protective against a range of 

diseases (119). The role of fruit and vegetable variety in total consumption and the 

risk of chronic diseases is discussed below. 
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2.1.5.1  Variety, diet quality and risk of chronic diseases 

Consuming a variety of different coloured fruits and vegetables is important because 

different colours in fruits and vegetables correspond to different combinations of 

nutrients and phytochemicals conferring an array of health benefits (2). Table 2.10 

summarises the key nutrients and non-nutrients found in fruits and vegetables, their 

sources and potential health benefits.  

 

Table 2.10 Key nutrients and non-nutrients found in fruits and vegetables, their 

sources and potential health benefits*. 

Nutrient: Source: Health benefits: 

Vitamins C & E, β-

carotene, polyphenols, 

flavonoids & 

carotenoids 

Pumpkin, sweet potato, 

carrots, cantaloupe, apricots, 

spinach, kale, broccoli, citrus 

fruits, berries, guava, 

blackcurrants, apples. 

Immune system, vision, skin health, bone 

health, cancer protection, heart health, 

respiratory health. 

Lycopene & 

Resveratrol 

Tomatoes, grapefruit, 

capsicums, grapes, peanuts. 

Cancer protection, heart health, lung 

health, anti-inflammatory. 

Isoflavones Soybeans. Menopause, cancer protection, bone 

health, joint inflammation, cholesterol 

lowering. 

Lutein Green leafy vegetables. Eye health, cancer protection, heart health. 

Anthocyanidins Berries, plums, onions, 

radishes, red potatoes. 

Vascular health. 

Allium compounds Onions, leeks, chives. Cancer protection. 

Folic acid Green leafy vegetables, 

avocado, oranges. 

Cancer protection, heart health. 

Soluble and insoluble 

fibre 

All fruits and vegetables Gastro-intestinal health, cancer protection, 

heart health, weight management, diabetes 

prevention and management. 

*information sourced from various sources, but primarily from “Position Statement: Fruit, vegetables 

and cancer prevention” from Cancer Council Australia (170) and “What are phytonutrients?” from 

Fruits & Veggies: More Matters, U.S. (249). 

 

 

Variety in intake also dilutes toxins such as aflatoxin, pesticides, nitrates, goitrogens, 

saponins and enzyme inhibitors that can be found in fruits and vegetables (250). 

Evidence presented in Section 2.1.3.2 shows that the variety of fruits and vegetables 

eaten by children is limited. Poor variety was also observed in adults’ diets. In 

Australia, the report on the modelling system that informed the development of the 
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current guidelines showed that Australians would need to increase their green 

vegetable intakes by 30%; in red and orange-coloured vegetables by 140% and other 

vegetables (other than potatoes) by 90% in order to achieve optimal variety in 

vegetables consumed (118). 

 

A review on dietary quality showed that dietary patterns characterised by diverse 

fruit and vegetable consumption were generally linked to positive health outcomes 

(251). For instance, a study on the link between the Alternate Healthy Eating Index 

(AHEI) and colorectal cancer (n=492,382) found a significant decrease in the risk of 

colorectal cancer in men (252) while a study by Fung and colleagues on 121,700 

subjects from the Nurses’ Health Study found that the AHEI was inversely 

associated with several biomarkers for CVD risk (253). The AHEI included dark 

green, orange vegetables and legumes in its scoring standards and is one of the few 

diet quality score that considered variety within the vegetable food group to reflect 

the shift in the U.S. guideline from ‘5-A-DAY’ to “Fruits and Veggies-More 

Matters” (111).  

 

Despite the potential health benefits from including diverse fruits and vegetables in 

whole diets, evidence linking fruit and vegetable variety and chronic diseases is 

inconclusive. Table 2.11 below summarises the findings from recent cohort studies 

examining the link between the variety in fruit and vegetable consumption and the 

risk of chronic diseases.  
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Table 2.11 Summary of findings from major studies on the link between variety of fruit (f) and vegetable (v) intake with risk of chronic diseases. 

Study: Sample: Design: Findings*: 

Coronary heart disease (CHD) & stroke 

Bhupathiraju S.N. & 

Tucker K.L. 2011 (254) 

1159 adults (45 to 75 years); Puerto 

Rican Health Study (255). 

 

251 subjects with CHD, 908 healthy 

subjects. 

 

Cross-sectional. 

Intake in past 12 months: Semi-quantitative 

Food Frequency Questionnaire (FFQ). 

Variety: total number of unique f & v 

consumed ≥ 1/month in the past 12 months. 

Potatoes, legumes and fruit juices excluded. 

10-year coronary heart disease risk: 

Framingham Risk Score (FRS) (256) in 

participants free of CHD. 

Fasting serum C-reactive protein (CRP) 

measured. 

F & v variety inversely associated with FRS (β= -

0.06, p<0.05) and serum CRP (β= -0.004, 

p<0.05). 

 

Highest versus lowest tertile for f & v variety: 

Adjusted odds for high CRP = 0.68 (95%CI= 

0.49-0.94). 

Griep L.M.O. et al 2012 

(257) 

20,069 adults (20 to 65 years); 

Monitoring Project on Risk Factors and 

Chronic Diseases in the Netherlands 

(MORGEN) Study. 

 

Prospective population-based cohort. 

10-year follow-up. 

Previous year intake: semi-quantitative FFQ 

containing 178 food items, including 9 fruit 

items and 13 vegetable items.  

Variety: total number of unique f & v 

consumes ≥ once fortnightly in the past 12 

months. 

F & v variety correlated with total f & v intake 

(r=0.81, p<0.001), f intake (r=0.72, p<0.001) and 

v intake (r=0.53, p<0.001). 

 

F & v variety associated with nutrient intakes, 

especially vitamin C (r=0.70, p<0.05). 

 

F & v variety not associated with CHD and stroke 

risks. 
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Table 2.11 continued. 

Study: Sample: Design: Findings*: 

Coronary heart disease (CHD) & stroke 

Bhupathiraju S.N. et al 

2013 (258) 

71,141 women; Nurses’ Health Study 

(180); 42,135 men; Health Professional 

Follow-Up Study (181). 

2582 CHD case in women. 

3607 CHD case in men. 

 

Prospective cohort. 

Intake:126-item semi-quantitative FFQ (every 

4 years). 

Variety: number of unique fruit and 

vegetables consumed ≥ once/week.  

Potatoes, legumes and fruit juices excluded. 

F & v variety not associated with CHD risk. 

 

 

Cancers 

Buchner F.L. et al 2010 

(259) 

452,187 adults; European Prospective 

Investigation into Cancer and Nutrition 

(EPIC) study. 

1,613 diagnosed with lung cancer. 

 

Prospective cohort. 

8.7-year follow-up. 

Previous year intake: validated country-

specific FFQ. 

Variety: number of f & v consumed ≥once 

fortnightly. 

Legumes and potatoes excluded. 

Higher v variety decreased risk of lung cancer 

(HR =0.77, 95%CI = 0.64-0.94). 

 

Higher f & v variety decreased risk of lung cancer 

(HR = 0.88, %95 CI = 0.82-0.95). 

 

Significance only observed in current smokers. 

Buchner F.L. et al 2011 

(260) 

452,185 adults; EPIC study. 

874 diagnosed with bladder cancer. 

 

Prospective cohort. 

8.7-year follow-up. 

Previous year intake: validated country-

specific FFQ. 

Variety: number of f & v consumed ≥ once 

fortnightly. 

F & v variety not associated with risk of bladder 

cancer. 
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Table 2.11 continued. 
Study: Sample: Design: Findings*: 

Cancers    

Juernink S.M. et al 2012 

(261) 

452,269 adults; EPIC study. 

475 diagnosed with gastro-oesophageal 

cancer. 

Prospective cohort. 

8.4-year follow-up. 

Intake: country-specific methods (eg: 

measured hot meals, dietary questionnaires 

(DQ), diet records, semi-quantitative FFQ and 

non-quantitative FFQ). Some interviewer 

administered, some self-reported. 

33 types of v and 16 types of f included in 

calculation for variety. 

Potatoes and fruit juices excluded. 

Variety: number of f & v consumed ≥once 

fortnightly. 

F & v variety significantly decreased risk of 

oesophageal squamous cell carcinoma (HR = 

0.88, 95% CI = 0.79-0.97). 

 

F variety inversely associated with risk of 

oesophageal squamous cell carcinoma (p-

trend<0.005). 

 

Significance only observed with increase of 2 

types of f & v. 

Leenders M. et al 2015 

(262) 

521,448 adults; EPIC study. 

3,370 diagnosed with colon cancer. 

Prospective cohort. 

13-year follow up. 

Previous year intake: centre-specific dietary 

questionnaires; 7-day records (UK and 

Sweden). 

5 sub-types of f and 8 sub-types of v 

considered in the variety score. 

Variety: number of fruit and vegetable sub-

types consumed ≥ once fortnightly. 

F & v variety not associated with risk of 

colorectal cancer.  
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Table 2.11 continued. 
Study: Sample: Design: Findings*: 

Diabetes mellitus (DM) 

Cooper A.J. et al 2012 (263) 3,704 adults; EPIC study (Norfolk arm 

of the study). 

653 diagnosed with DM. 

Prospective, case-cohort. 

11-year follow up. 

Intake: self-completed 7-day food diary 

validated against weighed food records, 24-h 

urine collections and blood biomarkers. 

Composite dishes containing f & v 

disaggregated. 

Potatoes and juices not included. 

Variety: number of different f & v consumed 

≥once/week. 

F & v variety correlated significantly with total f 

& v (r=0.60, p<0.05). 

 

Additional 2 f & v variety: risk of DM decreased 

by 8% (HR= 0.92, 95%CI= 0.87-0.97). 

 

DM risk with highest versus lowest tertile of 

intake: 

F variety: HR= 0.67, 95% CI = 0.54-0.84, 

p<0.001. 

V variety: HR = 0.68, 95% CI = 0.56-0.84, 

p<0.001. 

 

Cognitive health 

Ye X. et al 2013 (264) 1412 Puerto Rican adults (45 to 75 

years); Boston Puerto Rican Health 

Study (255). 

Cross-sectional. 

Global cognitive function: Mini Mental State 

Examination (MME). 

Previous year intake: validated semi-

quantitative FFQ with 223 items; interviewer-

administered. 

Beans and starchy v (eg: potatoes, cassava) 

not included. 

Variety: sum of different f & v consumed 

≥once/month. Possible f variety score = 0 to 

27; possible v variety score = 0 to 26. 

F & v variety associated with high MMSE score 

(p trend<0.05); remained significant after 

adjusting for total f & v. 

 

F variety associated with better cognitive domains 

– executive function, memory and attention (p 

trend<0.05 for all). 

*HR – Hazard Ratio; CI - Confidence Interval; RR – Relative Risk. 
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Evidence from prospective studies showed no association between variety of fruit 

and vegetable with risk of CHD and stroke. However, eating a variety of fruit and 

vegetables seemed to be protective against future risk of CHD in healthy adults; as 

demonstrated by Bhupathiraju and colleagues using data from the Puerto Rican 

Health Study (254).  

 

The findings for cancer risk varied and were dependent on the type of cancer in 

question. Most of what we know about fruit and vegetable variety and cancer risk 

comes from the EPIC study. Fruit and vegetable variety decreased the risk of lung 

(259) and oesophageal (261) cancers but not bladder (260) and colorectal cancers 

(262). In particular, vegetable variety seemed to be important to protect against lung 

cancer (259) while fruit variety was inversely associated with oesophageal cancer 

(261).  

 

Other studies have examined the link between fruit and vegetable variety and 

diabetes mellitus (263) and cognitive function (264). Generally, they found 

favourable outcomes but further investigation is required to understand the 

mechanisms of how fruit and vegetable variety protects against diabetes and poor 

cognitive health. 
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2.1.5.2  The role of variety in increasing child fruit and vegetable 

consumption 

Variety is an important factor in explaining the acquisition of new food acceptance at 

the weaning age (35). Gerrish and Mennella conducted one of the earliest 

experiments to gauge if exposure to a variety of flavours at weaning led to greater 

acceptance of carrots (the target vegetable) in forty-eight formula-fed infants who 

had just started on rice cereal as first food (265). Infants were randomly assigned to 3 

groups:- carrots only, potatoes only and a variety of  vegetables that did not include 

carrots, and carrot intakes were evaluated after a 9-day exposure period (265). The 

researchers reported that infants in the carrot only and variety groups consumed 

around 1.8 and 1.7 times more carrots respectively after the exposure period while no 

significant change in carrot intake was observed for infants in the potatoes only 

group; indicating that not only exposure to a variety of vegetables led to greater 

acceptance of a new vegetable (carrot) but infants were also able to discriminate 

flavours between two different vegetables (potatoes versus carrots) (265).  

 

In a later study on 74 infants aged 4 to 9 months, Mennella and colleagues further 

demonstrated the importance of fruit and vegetable variety when infants exposed to 

pears (target fruit) and a variety of fruits between meals consumed significantly more 

pears while consumption of green beans was unaffected (266). In a second study, 

they reported that infants who consumed a variety of vegetable between and within 

meals ate more green beans (target vegetable), carrots and spinach (266). In both 

studies, inclusion of variety within food groups increased consumption of the target 

fruit or vegetable. 
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A more recent study by Coulthard and colleagues added weight to earlier studies on 

the role of variety exposure when infants in their study ate more pea puree (target 

vegetable) (p<0.05) when exposed to a variety of vegetable purees (n= 16, mean pea 

puree intake = 45.6g) versus infants offered pea puree only (n= 15, mean pea puree 

intake= 22.6g) at 6 months of age (267). Maier and colleagues expanded on this area 

of research by examining the effect of timing to variety and concluded that offering a 

variety of foods within the same day and alternating the variety across three days 

resulted in higher acceptance of novel foods compared to offering the new foods 

individually for three days (1 new food per day) (268).  

 

Studies on older children have also shown that offering a variety of fruit and 

vegetables to children increased consumption of fruits and vegetables (269-272). In a 

U.S. study on 61 children aged 3 to 5 years attending a childcare facility, offering a 

variety of fruits and vegetables as snacks increased the likelihood of selection 

(p<0.001) and increased children’s consumption of both fruit (p<0.001) and 

vegetables (p<0.001) (269). However, the authors also reported a positive correlation 

between the number of vegetables liked with the variety of vegetables eaten (p<0.01) 

(269), indicating the role of food preference in determining intake. Furthermore, 

offering variety increased the likelihood of fruit and vegetables being selected but 

not the likelihood of them being eaten after selection (269). This suggests that 

although offering variety promoted autonomy and greater fruit and vegetable 

consumption, children still consume fruit and vegetables that they already liked (269, 

273).  
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A more recent in-home study on the influence of choice on child vegetable intake by 

researchers in the Netherlands (n=70, mean age= 3.7 years) (271) supported the 

findings of the above American study. Children consumed more vegetables (mean 

intake= 57.7g) when they were given the choice of two types of vegetables at dinner 

than when they were only given one type of vegetable (mean intake= 48.5g) (271). 

Baseline vegetable liking predicted higher consumption of vegetables (p<0.001), 

again highlighting the role of preference in determining intake in older children 

(271). However, the freedom to choose and consume the fruit and vegetables 

preferred is also dependent on the availability of variety. For example, a plate waste 

study conducted in the U.S. on 294 first to fifth graders attending schools offering 

salad bars reported that the presence of the salad bars was not associated with greater 

fruit and vegetable consumption (p<0.05) (270). However, the variety of fruits and 

vegetables offered at the salad bars was positively related to greater fruit and 

vegetable consumption (p<0.05), even after adjusting for child’s grade and gender 

(270). The authors postulated that offering greater variety made it more likely that 

children would find and consume their preferred fruits and vegetables (270). 

 

An American study based on the analysis of observational data from 22 elementary 

schools supports the findings from the above studies (272). The authors reported an 

increase of 12% in the proportion of children eating at least 1 serve of fruit or 

vegetable for each additional fruit or vegetable item offered (increase in variety) and 

a relationship between the number of fruit and vegetable items on offer with the 

number of servings taken (p<0.01) (272). 
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Importantly, there is evidence to show that food variety acquired in early childhood 

predicts food variety in later life (26, 274). A 2002 study by Skinner and colleagues 

reported that fruit variety in the first two years of life predicted fruit variety at 8 

years of age (R2=0.25) (26). Later studies on larger cohorts further support the 

tracking of variety and food preferences (274, 275) with one study reporting tracking 

to early adulthood (274).  

 

Clearly, offering a variety of fruits and vegetables increases the acceptance of these 

foods at weaning (35, 65, 265-268, 275). Variety allows infants to build their food 

repertoire (35, 65) and develop food preferences that track into adulthood (274). In 

older children with established food preferences, providing a variety of fruit and 

vegetables enables children to choose and consume the fruits and vegetables they are 

familiar with (65, 269-271).
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2.2 DETERMINANTS OF FRUIT AND VEGETABLE 
CONSUMPTION 

 

This section presents the literature review on the determinants of child fruit and 

vegetable consumption, with focus on maternal feeding self-efficacy and the socio-

demographic and behavioural determinants examined in this thesis.  

 

2.2.1 Maternal feeding self-efficacy 

2.2.1.1  Definition and history 

The terms “self-esteem” or “confidence” and “self-efficacy” are used 

interchangeably in the literature but are essentially two different concepts that are 

highly correlated (276). Self-esteem or confidence is concerned with one’s overall 

self-worth (61), but self-efficacy or self-competency is defined as a self-judgement 

of how well one can perform at specific tasks (60). Therefore, maternal feeding self-

efficacy is defined as the mother’s self-evaluation on her performance at child 

feeding tasks.  

 

The concept of self-efficacy stemmed from the work in the area of social learning 

theory by Miller and Dollard in 1941 (277). The social learning theory (SLT) is 

based on the idea that people learn by watching what others do and that cognitive 

processes are central to understanding behaviour and decision-making (277). In a 

paper published in 1977, an American psychologist, Albert Bandura, proposed a 

theoretical framework that focused on ‘self-efficacy’ as a predictor of behavioural 
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change (55); expanding the SLT to what is now known as the Social Cognitive 

Theory (SCT) (44).  

 

According to Bandura, self-efficacy exerts its influence on behaviour change through 

four processes:- cognitive, motivation, affective and selection (278). Bandura argued 

that much of human behaviour is “purposive and is regulated by fore-thought 

embodying cognized goals” and that the stronger the perceived self-efficacy, the 

higher the goal setting and the firmer the commitment to the goal (278). He posited 

that the ability to self-influence through personal challenge and self-evaluation of 

reaction towards attainment of goals form the major cognitive mechanism of 

motivation (278). Self-efficacy can also affect how much stress and depression one 

experiences in challenging situations and explains why people select activities that 

complement best with their pre-existing cognitive skills (278). Using an example 

from the area of early feeding, Figure 2.1 summarises the self-efficacy framework 

proposed by Bandura that was adapted into the breastfeeding self-efficacy 

framework developed by Cindy-Lee Dennis in 1999 to explain the relationship 

between self-efficacy, its antecedents, consequences and behaviour outcomes (279).  
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Figure 2.1 Bandura’s concept of self-efficacy in the Breastfeeding Self-Efficacy 

framework has been removed due to copyright restrictions.  

Modified from Dennis C. 1999 (279). 

  

Since its introduction by Bandura, self-efficacy has been incorporated into a number 

of other models explaining health behaviours such as the Health Belief Model (45), 

the Theory of Reasoned Action (280), the Theory of Planned Behaviour (46), the 

Theory of Protection Motivation (281) and the Health Action Process Approach 

(HAPA) (282). Collectively these models are known as cognitive models and have 

shown success in predicting fruit and vegetable consumption in adults and children 

(283-287).  

 

2.2.1.2  The role of maternal feeding self-efficacy in early childhood 

In children’s first year of life, studies on maternal feeding self-efficacy have mainly 

focused on the relationship between breastfeeding self-efficacy and breastfeeding 

initiation (62, 288), exclusivity (62, 289-292) and duration (62, 288, 291, 293, 294). 

There is consistent evidence from cross-sectional and prospective cohort studies 

showing a positive association between breastfeeding self-efficacy and longer 

breastfeeding duration (288, 292, 294). For example, in the most recent study 



  

73 

 

published in 2016, Ip and colleagues conducted a prospective cohort study on 562 

mothers recruited within 72-hours postpartum from a teaching hospital in 

Guangzhou, China and reported that although all mothers initiated breastfeeding 

while in hospital, the proportion of mothers who breastfed exclusively was 14.8%, 

2.0% and 0.2% at 1, 4 and 6 months respectively and that higher breastfeeding self-

efficacy scores at recruitment were significantly associated with a lower hazard of 

discontinuation of exclusive breastfeeding before 6 months postpartum (HR= 0.88, 

p<0.001) (289). 

 

To date, evidence from randomised controlled trials support enhancement of 

maternal breastfeeding self-efficacy as a strategy to promote breastfeeding initiation 

and maintenance through education, family, peer and professional support (62, 290, 

291, 295).  Low self-efficacy was also found to be associated with higher maternal 

perception of insufficient breastmilk (296, 297); one of the most common reasons 

given by mothers for early discontinuation of breastfeeding (289, 292). In a review 

on randomised controlled trials, systematic reviews and cohort studies published 

between year 2000 to 2009, Meedya, Fahy and Kable concluded that the three main 

factors that influenced women’s breastfeeding decisions were breastfeeding 

intention, self-efficacy and social support (298). Of these three factors, breastfeeding 

intention and self-efficacy are intrinsic factors that may be bi-directional in nature; 

the higher the self-efficacy, the higher the intention to breastfeed longer (goal-

setting) and the achievement of breastfeeding intention further enhances mother’s 

sense of self-efficacy (298). The findings from this review support the outcomes 

from an earlier study by Cindy-Lee Dennis on 522 Canadian mothers where 

breastfeeding progress (r=0.55, p<0.001), feeding infant as planned (r= 0.43, 
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p<0.001) and satisfaction with infant feeding method (r= 0.37, p<0.001) were found 

to be the three strongest predictors of breastfeeding self-efficacy at 1-week 

postpartum (299).  

 

In contrast to breastfeeding, there is limited research examining the link between 

maternal feeding self-efficacy and the dietary outcomes of young children. Studies 

on children’s diets that included measurement of self-efficacy were primarily 

concerned with self-efficacy to explain the dietary and weight outcomes of 

interventions. For example, an evaluation on 1104 school-aged children and their 

families from the Expanded Food and Nutrition Education Program (300) in the U.S 

reported significant increases post-intervention in parenting self-efficacy in 

modelling fruit and vegetable consumption, making fruit and vegetables available 

and in planning and encouraging fruit and vegetable consumption in children (p<0.05 

for all) (49).  

 

Despite the theoretical rationale for the link between maternal feeding self-efficacy 

and children’s diet (301), there are only 5 studies published to date that provide 

quantitative evidence for this relationship. Of these, only 2 studies examined the 

association between maternal feeding self-efficacy and fruit and vegetable intakes in 

children aged  under 2 years:- one of which was the published findings of this thesis 

at Time 1 (19) and the other a cross-sectional Australian study conducted by 

Campbell and colleagues on sixty 1-year-olds and eighty 5-year-olds recruited from 

Maternal and Child Health Centres and kindergartens in Victoria (63). In the study 

by Campbell and colleagues, maternal self-efficacy to promote healthy eating was 

found to be positively associated with vegetable intake in 1-year-olds (r= 0.31, 
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p<0.05) and fruit and vegetable intakes in 5-year-olds (r=0.42 for fruit and 0.34 for 

vegetable, p<0.005) (63).  

 

The other three studies examined the role of maternal self-efficacy with fruit and 

vegetable outcomes in school-aged children. In year 2000, Kratt, Reynolds and 

Shewchuk reported the findings of their study on parental self-efficacy concerning 

consumption and serving of fruit, juice and vegetables, and the fruit and vegetable 

intakes of their children (n=1,196) (302). The children were participants in the High 

5 Alabama project in the U.S and were fourth graders at the time of the study. The 

children were divided into two groups based on their self-report on home fruit and 

vegetable availability. Kratt and colleagues found that in the group that reported low 

to medium level fruit and vegetable availability, parental self-efficacy influenced 

parental fruit and vegetable intakes (r= 0.22, p<0.05) which in turn predicted child 

fruit and vegetable intakes (r= 0.10, p<0.05) (302). However, the indirect effect was 

very small and insignificant (r= 0.02, p>0.05) (302). In the low availability group, 

parental self-efficacy directly predicted parent fruit and vegetable intakes (r= 0.32, 

p<0.05) but not child’s intake (302). The authors concluded that availability of fruit 

and vegetables moderated child fruit and vegetable consumption through its effect on 

parental self-efficacy (302).  

 

In the same year, Cullen and colleagues published the findings from their cross-

sectional study on 109 fourth and sixth graders in the U.S (303). They measured 

parental self-efficacy in modelling fruit and vegetable consumption, planning 

consumption and making fruit and vegetables available in the home and found that 

planning self-efficacy was positively correlated with children’s fruit consumption (r= 
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0.23, p<0.05) and total fruit, juice and vegetable availability (r= 0.33, p<0.001) 

(303). 

 

In an Australian study, West and Sanders (2009) developed a questionnaire to 

measure child behaviour issues related to eating, activity and overweight (Problem 

Scale) and included items measuring parent confidence in managing each of the 

problem behaviours (self-efficacy) (Confidence Scale) (304). The questionnaire, now 

known as the Lifestyle Behaviour Checklist (LBC), was psychometrically tested on 

182 families with and without overweight/obese child aged 4 to 11 years old (304). 

The LBC accurately classified 91.1% of the study participants and had high internal 

consistencies for the Problem (α= 0.97) and Confidence Scales (α= 0.92) (304). The 

authors also noted that parents with overweight/obese children reported lower scores 

(mean score = 171.8, SD = 41.3) in the Confidence Scale than parents with healthy 

weight children (mean score = 237.8, SD= 25.6) (304).  

 

Table 2.12 below provides a detailed summary of the 5 studies presented above. The 

study by Kratt, Reynolds and Shewchuk (2000) is the only study reporting an 

indirect influence of parental feeding self-efficacy on children’s fruit and vegetable 

consumption. All the studies presented utilised different questionnaires to measure 

parental/maternal feeding self-efficacy. Unlike the 33-item Breastfeeding Self-

Efficacy Scale (BSES) (305) and its shortened 14-item version, Breastfeeding Self-

Efficacy Scale Short Form (BSES-SF) (306) that were psychometrically tested in 

various populations and adapted into many languages (307-314), there is currently no 

standardised and psychometrically tested measurement tool to evaluate 

parental/maternal feeding self-efficacy related to children’s consumption of foods 
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and their related feeding behaviours. The closest attempt is found in the Lifestyle 

Behaviour Checklist developed by West and Sanders (2009) but the Confidence 

Scale in the LBC included parental self-efficacy in addressing child activity and 

weight-related behaviours and is not specific to the issue of child feeding (304). 



  

78 

 

Table 2.12 Detailed summary of the five published studies examining maternal feeding self-efficacy and child fruit (f), juice (j) and vegetable (v) 

intakes. 

Study: Sample: Design & Measurements: Findings¶: 

Kratt P., Reynolds 

K. & Shewchuk 

R. 2000 (302) 

 

1,196 parent-child 

(4th graders) from 

the High 5 

Alabama Project, 

U.S. 

Cross-sectional, cohort. 

Parent: 31-item questionnaire regarding availability of fv in 

the home. Sample divided into two groups: low to medium 

availability, high availability; 2 questions asking for average 

number of servings of fv eaten daily over last year. 

Child intake: 1 x 24-hour dietary recall to determine number 

of fv serves consumed. 

 

Self-efficacy questionnaires: - 

Parent: serves fv; eats fv at specific meals and snack times 

(5-point Likert scales) 

Child: asks parent for fv; help with preparation of fv at 

home; eat fv at specific meals and snack times (3-point 

Likert scales) 

 

Multi-group structural equation modelling. 

Reliability of self-efficacy questionnaires: 

Parent: α = 0.89 

Child: α = 0.86 

 

Medium to high availability group: 
                                                 0.22* 

Parent self-efficacy                       Parent fv intake 
            0.10* 

                         Child fv intake 

 
                                         0.02, p>0.05 

Parent self-efficacy                        Child fv intake 

 

 

Low availability group: 

 
                                       0.32* 

Parent self-efficacy                       Parent fv intake 

Cullen K.W. et al 

2000 (303) 

109 parent-child 

(4th to 6th graders) 

recruited from 

schools in Houston, 

Texas, U.S. 

Cross-sectional. 

 

Children completed 2x food records in the classroom. 

 

Parent self-efficacy: 23-items; modelling fv consumption, 

planning and encouraging fv consumption, making fv 

available in the home (5-point Likert scales). 

 

Spearman correlations. 

Modelling self-efficacy             food (0.26*) and lunch 

preparations (0.21*); v (0.24*) and total fjv availability (0.25*). 

 

Planning self-efficacy               food (0.23*) and lunch 

preparations (0.26*); f (0.26***), j (0.24*), v (0.28***) and total 

fjv (0.33**) availability. 

 

Availability self-efficacy          food preparation (0.26***); f 

(0.36***), j (0.31***), v (0.29***) and total fjv (0.41***) 

availability; f (0.24*) and total fjv accessibility (0.24*). 
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Table 2.12 continued. 
Study: Sample: Design & Measurements: Findings¶: 

West & Sanders 

2009 (304) 

182 Australian; 

childhood obesity trial 

and an exploratory 

study; 101 families 

with and 81 without 

obese children (4-11 

years old). 

Prospective cohort. 

 

Children: measured height and weight used to calculate 

BMI 

 

Parents: completion of the Lifestyle Behaviour Checklist 

(LBC) 

- 26 items; 2 Scales (Problem & Confidence) 

 

- Problem Scale: parents rate the extent to which 

they experienced child problematic behaviours 

related to eating, activity and weight status (7-

point Likert scale) 

 

- Confidence Scale: parents rate their confidence 

to address child problematic behaviours related 

to eating, activity and weight status (10-point 

Likert scale) 

 

Validity and reliability testing. 

Reliability: 

Problem Scale (α = 0.97) 

Confidence Scale (α = 0.92) 

 

Test-re-test stability over 12 weeks: 

Problem Scale (0.87**) 

Confidence Scale (0.66**) 

 

Predictive validity: 

Correctly classified 91.1% participants 

Problem Scale (0.76***) better predictor of child weight status 

than Confidence Scale (-0.36***) 

 

Parents with overweight/obese children reported lower scores 

(mean score = 171.8, SD = 41.3) in the Confidence Scale than 

parents with healthy weight children (mean score = 237.8, SD= 

25.6). 

Campbell K. et al 

2010 (63) 

 

 

 

 

Mothers of 1-year 

(n=60) and 5-year-old 

(n-80) children 

recruited through 

Maternal and Child 

Health Centres and 

kindergartens in 

Victoria, Australia. 

Cross-sectional; 2 time points. 

 

Child diet: collected using the Eating and Physical 

Activity Questionnaire (EPAQ) which was validated 

against a 24-hour recall in the same cohort (n=90). 

 

Self-efficacy (5-point Likert scale): promoting healthy 

eating (5 items); refusing child’s request for unhealthy 

food (4 items); promoting physical activity and limiting 

screen time (3 items) 

1-year-olds: - 

Maternal self-efficacy for promoting healthy eating: 

Cake (-0.26**) 

Maternal self-efficacy for limiting unhealthy foods: 

Cordial (-0.26*); Cake (-0.34**) 

 

5-year-olds: -  

Maternal self-efficacy for promoting healthy eating: 

Water (0.24*); Cordial (-0.24*); Fruit (0.42***); Vegetables 

(0.34***) 
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Table 2.12 continued. 
Study: Sample: Design & Measurements: Findings¶: 

Koh G.A. et al 2014 

(19) 

277 mother-infant 

dyads from the South 

Australian Infant 

Dietary Intake 

(SAIDI) study. 

 

Infants aged 4 to 9 

months old. 

Cross-sectional. 

 

Child diet: measured using 1x 24-hour diet recall and 2-

days food records. Number of fv sub-groups consumed 

calculated (fv variety). 

 

Maternal self-efficacy: 5-items from the self-efficacy 

questionnaire used in the Nutrition Education Aimed at 

Toddlers (NEAT) project (5-point Likert scale). 

 

Other items in questionnaire: how often mothers offer 

new foods to child (5-point Likert scale); how many 

times mothers would offer a new food before deciding 

that child dislikes the food (Once, 2–5 times, 6–10 times, 

11–15 times and ≥16 times); how willing child was to eat 

new foods (5-point Likert scale); parenting confidence 

(5-point Likert scale). 

 

Confirmatory factor analysis, structural equation 

modelling. 

Maternal self-efficacy questionnaire: 

Reliability (α = 0.99) 

Good construct validity€ (2/df <2, RMSEA <0.06, CFI/TLI 

>0.95, WRMR <0.90) 

 

Predictors of maternal feeding self-efficacy: 

Parenting confidence (0.36**); frequency offering new food 

(0.40**); how often offer new foods (0.26*); child willing to 

eat new foods (0.70**) 

 

Predictors of child vegetable variety: 

Maternal feeding self-efficacy (0.61*); parity (-0.50**) 

 

Structural model achieved good fit€ (2/df <2, RMSEA <0.06, 

CFI/TLI >0.95, WRMR <0.90). 

*p <0.05, **p<0.01, ***p<0.001, SD – standard deviation,  α – Cronbach’s alpha, €good fit achieved when 2/df <2, RMSEA <0.06, CFI/TLI >0.95, WRMR <0.90 (84).
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2.2.1.3 The role of maternal psychological health 

Psychological health is a recognised antecedent to self-efficacy (55, 279). The 

evidence that poor psychological health compromises parenting is well established 

(315-317).  Parental depression is linked to a variety of parenting behaviours that can 

negatively affect child growth (318-322) and development (316, 323-325) through 

lower levels of maternal responsiveness (326), high levels of maternal intrusiveness 

(327), ineffective discipline (316, 328) and obesogenic maternal feeding styles (329, 

330) and behaviours (331). Evidence from the literature suggests that these 

associations may not be direct and may be mediated by parenting self-efficacy (326, 

332, 333).  

 

Parenting self-efficacy is known in the literature to be inversely associated with 

parental mental health (317, 334, 335). For instance, an Australian cross-sectional 

study on 83 primiparous Australian mothers attending a residential parent-infant 

program (child age: 0-12 months) found that parenting self-efficacy was inversely 

correlated with maternal depression (β= =-0.26, p<0.05), anxiety (β= -0.33, p<0.05) 

and attachment insecurity (β= -0.25, p<0.5) (336). Subsequently, a prospective 

Canadian study by Cost et al (n= 171) reported that maternal self-efficacy was 

associated with postpartum depression (r= -0.52, p<0.05) and that this association 

tracked between 3 to 18 months postpartum (317). Tracking was also observed in a 

large U.S. cohort study (n>5000) where mother-child dyads were studied at baseline 

(11-42 months), first follow-up (1 year later) and second follow-up (at kindergarten) 

(334). This study concluded that maternal depressive symptoms persisted through 
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early childhood (334). Moreover results from the Longitudinal Study of Australian 

Children (LSAC) (n= 4879) showed that although maternal depression was the 

highest in first year postnatal and gradually decreased over the course of the study, 

mothers who reported low and high levels of depression consistently did so 

throughout the 6 to 7 years of the study (335). Parenting self-efficacy, poor 

relationship quality, child development problems and stressful life events were 

identified as risk factors for maternal depression in this study (335). 

 

Maternal depression undermines parenting because it reduces child-oriented goals, 

undermines attention to child, increases negative appraisals and reduces parenting 

competence (315). In a meta-analysis of 46 observational studies, Lovejoy and 

colleagues concluded that maternal depression was associated with negative maternal 

behaviours (r = 0.20, p<0.01) and that this association was moderated by the timing 

of depression, with current depression associated with the largest effect (r= 0.22, 

p<0.01) (316).  Moreover, studies examining the link between maternal depression 

and maternal feeding styles reported association between maternal depression with 

forceful (330) and restrictive feeding styles (329, 330).  

 

Maternal depression may also affect child feeding practices. A U.S study by 

Morrissey (2014) using data from the Early Childhood Longitudinal Study-Birth 

Cohort (ECLS-B) from four waves of the study (Wave 1 = 9 months, n=10,700; 

Wave 2 = 2 years, n= 7400; Wave 3 = preschool, n= 6000; Wave 4 = kindergarten 

entry, n= 4750) reported that moderate to severe depression in mothers was 

associated with negative feeding and parenting practices such as putting infants to 

bed with a bottle (β= 0.03, p<0.01), days in the week the family eats dinner at a 
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regular time (β= -0.0.33, p<0.001), hours a day child watches tv (β= 0.03, p<0.05) 

and putting child to bed by 9:00 pm (β= -0.03, p<0.05) (331). A qualitative 

systematic review by Dennis and McQueen (2016) also showed that mothers who 

were depressed in the early postpartum period were at increased risk for shorter 

breastfeeding duration, breastfeeding difficulties and decreased levels of 

breastfeeding self-efficacy (337). Depressed women were also less likely to initiate 

breastfeeding and do so exclusively (337). 

 

There is limited evidence examining maternal depression and its link to early child 

food intake but the evidence so far suggests that maternal depression may 

detrimentally affect child’s diet (338, 339). In a study using data from the Norwegian 

Mother and Child Cohort Study, Ystrom and colleagues studied the role of maternal 

negative affectivity (depression, anger, self-esteem) at 30 weeks gestation, 6 months 

postnatal and 18 months postnatal in predicting child dietary patterns at 18 months 

postnatal, and found that mothers with negative affectivity were more inclined to 

feed their children an unhealthy diet (β= 0.09, 95%CI= 0.07, 0.10) (n=27763) (339). 

Analyses on data from 689 mother-infant dyads in the Maryland Special 

Supplemental Nutrition Program for Woman, Infants and Children (WIC) showed 

that maternal stress, depression and overall psychological distress were associated 

with higher energy intakes in infants aged 0-4 months (β= 0.02, 0.04, 0.02 

respectively) and higher intakes of breads and cereals in infants aged 4-6 months (β= 

0.12, 0.19, 0.04 respectively) (338). 

 

Poor diet and negative feeding styles are often linked to child under- or over-weight 

(330). Many studies have reported an association between maternal depression and 
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child growth outcomes. Studies on children from developing countries consistently 

reported an association between maternal depression and child underweight or 

stunting (320, 340). A systematic review and meta-analysis of these studies showed 

that children with depressive mothers were more likely to be underweight (OR= 1.5, 

95% CI = 1.2, 1.8) or stunted (OR = 1.4, 95% CI= 1.2, 1.7) (320). This study also 

found that around 23% and 29% fewer children would be underweight or stunted if 

they were not exposed to maternal depression (320). Studies conducted on children 

from developed countries reported mixed results (321, 341). The difference may be 

explained by the moderating role of socio-economic status (SES). A recently 

published systematic review by Mech et al on 30 studies concluded that parental 

obesity and depression were strong risk factors for childhood obesity in cohorts with 

low SES whereas in cohorts with high SES, long maternal working hours and 

permissive parenting style were found to be strong predictors (342). 

 

Clearly, maternal psychological health is linked to parenting self-efficacy, feeding 

styles, feeding practices, child food intake and growth. It is therefore an important 

predictor in early childhood studies and should be considered.  

 

2.2.1.4  The role of child temperament 

According to Bandura, self-efficacy is influenced by task difficulty, effort 

expenditure, vicarious experiences, physiological and mood states, social or verbal 

persuasion and outcome expectancies, which shape success and failure experiences 

(278). The influence of child temperament on maternal self-efficacy most likely falls 

in the context of “task difficulty” and “outcome expectancies”. Difficult child 
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temperament is characterised by fussiness, irritability, reactivity and frequent crying 

coupled with low soothability and manage-ability (343). A mother who is successful 

in soothing and comforting her child will most likely gain a greater sense of self-

efficacy but if the mother repeatedly fails to calm her child, this may impact 

negatively on her sense of self-efficacy (344).  

 

In one of the earliest studies examining the relationship between maternal self-

efficacy and infant temperament, Porter and Hsu studied maternal self-efficacy at 

pre-natal (n = 60), one month post-natal (n= 52) and three months post-natal (n= 50) 

and found an inverse correlation between infant temperament and maternal self-

efficacy at 3 month post-natal (r= -0.37, p<0.05) (345). In a more recent study, infant 

negative reactivity was found to be associated with maternal self-efficacy (β= -0.35, 

p<0.001) in a prospective cohort of 110- mother-child dyads recruited at birth in a 

medical centre in Pennsylvania (346). Furthermore, negative infant reactivity was 

found to have predicted greater infant weight gain when maternal self-efficacy was 

low (β= 0.38, p<0.05) while the opposite was true when maternal self-efficacy was 

high (β= -0.37, p<0.05) (346). 

 

Infant temperament may also affect maternal self-efficacy through its link with 

maternal depression. Parents with irritable infants experience more stress, depression 

and lower parenting self-efficacy (347). A meta-analysis of 193 studies published in 

2011 concluded that maternal depression was significantly related to higher levels of 

internalising (r= 0.23), externalising (r= 0.21), general psychopathology (r= 0.24), 

and negative affect/behaviour (r= 0.15) and to lower levels of positive 

affect/behaviour (r= -0.10) in children (all p<0.001) (348).  
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Mothers who perceive their children to be difficult or fussy may also respond with 

negative feeding practices that may lead to poor child diet quality. For instance, a 

study on 698 primparous mothers with infants aged 2-7 months from the NOURISH 

study found that mothers of infants with difficult temperament reported lower 

awareness of satiety cues (β= -0.32, p<0.05), were more likely to use food to calm 

(β= 0.14, p<0.05), and had high concern regarding child overweight (OR = 1.8, 

95%CI= 1.23, 2.49) and underweight (OR= 2.0, 95%CI= 1.41, 2.84) (349).  

 

Difficult child temperament may also affect child diet quality. Results from the 

Norwegian Mother and Child Cohort Study showed that negative child temperaments 

at 1.5 years predicted higher consumption of sweet foods and drinks with difficult 

children at age 1.5 years less likely to consume fruit and vegetables daily at ages 3 

and 7 (350, 351). A separate study in Belgium on 755 parents of pre-schoolers (mean 

age 3.5 years) found that child negative reactions to food were inversely correlated 

with child fruit (β= -0.25, p<0.001) and vegetable (β= -0.34, p<0.001) intakes (352).  

 

Difficult child temperament may also affect child eating/feeding behaviours. The 

associations between maternal feeding style, maternal depression, child temperament 

and eating behaviours were explored in two cross-sectional UK studies (353). The 

authors found that maternal controlling feeding was predicted by child temperament, 

eating behaviours and maternal mental health (n=48 parent-child dyads, children 

aged 2-5 years) (354) and that children with more emotional temperaments displayed 

more food avoidant behaviours such as slowness in eating (β= 0.24, p≤0.001) and 

food fussiness (β= 0.25, p≤0.001) (n=241, children aged 3-8 years) (353). Moreover, 
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studies conducted on infants at the weaning period also reported associations 

between infant temperament such as shyness, emotionality, negative reactions to 

food and low approachability to lower acceptance of novel foods (355, 356). 

Negative infant temperaments such as poor self-regulation, distress, low soothability, 

negative affectivity and emotionality were also found in a systematic review to be 

associated with higher BMI and rate of weight gain in infants and pre-schoolers 

(357); providing evidence to link child temperament to growth outcomes.  

 

Clearly, maternal self-efficacy, feeding practices, depression, child temperament and 

feeding behaviours are linked, but the current lack of studies utilising multi-

directional models impedes   understanding of the mechanisms in which these 

variables interact with each other to produce dietary and growth outcomes in 

children. An American study by Braungart-Rieker and colleagues on a cohort of low 

SES pre-schoolers (aged 3-6 years)  examining psychosocial pathways to childhood 

obesity using a mediation SEM model (358) is one of the most recent attempts to 

understand the complex relationships mentioned above. The findings of this study 

are summarised in Figure 2.2 below. 
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Figure 2.2 Findings from the mediation model proposed by Braungart-Rieker et al (2014) 

(358) has been removed due to copyright restrictions. 

 

 

2.2.2 Other determinants of fruit and vegetable consumption in 

early childhood 

2.2.2.1  Socio-demographic determinants 

Socio-economic status 

Socio-economic status (SES) is usually measured using income, education level, 

occupation and Socio-economic Indexes for Areas (SEIFA) as proxies. Despite the 

different proxies used, the association between child FV intakes and SES is 

consistent (359). According to a 2006 quantitative systematic review of 98 studies 

examining determinants of FV intakes in children aged 6 to 18 years, parental level 

of education produced the most consistent outcome when used as a proxy for SES 

(359). All 11 studies in the review that examined the association between parental 

level of education with child FV reported significant positive associations compared 
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with  seven out of fourteen papers for family income and nine out of eleven for 

parental occupation (359).  The consistent association between higher parental 

education and higher FV consumption may be explained by the higher level of 

nutrition knowledge among parents who are more higherly educated (360). 

 

Conversely, lower SES was found to be associated with higher reliance on 

discretionary or ‘junk’ foods (361) and takeaway meals (362). Thus, SES is an 

important predictor of FV consumption. In studies that rely on volunteers and/or 

require participants with a good level of literacy, SES can be an important 

confounder. 

 

 

Cultural determinants  

Studies examining the association between child FV intakes and cultural 

determinants reported inconsistent findings. Cultural influence on FV consumption 

may be measured through the use of proxy variables such as race (also referred to as 

‘ethnicity’), country of birth and immigration status (native or non-native). The 

examination of the influence of culture on FV intakes is confounded by the presence 

of multiple factors such as level of education, income, dietary laws, religion and food 

beliefs (363).  

 

Although there is evidence to show that immigrants consumed more FV compared to 

natives (364), other studies reported the opposite (365, 366). The inconsistency in the 

findings may be explained by the presence of other factors such as age, immigrant 
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generation and country of birth (363) which may reflect the level of food 

acculturation and nutrition transition experienced post-migration.  

 

The food transition for immigrants from low income countries (eg: South and 

Southeast Asia) after migration to high income countries is more abrupt and radical 

(367). The globalised and industrialised food market in the high income host country 

increases accessibility and availability to ultra-processed foods (usually high in 

saturated fat, sugar and refined carbohydrates) and a stable supply of fresh foods 

(367). However, food acculturation is not a linear process as research indicates that 

immigrants may find novel ways to cook traditional dishes, and to exclude or include 

new foods in their diets (368, 369). There is also evidence to show that food 

acculturation is bi-directional where the host country adopts certain food cultures 

from the migrant communities, hence diversifying their food choices (370). 

However, how this affects fruit and vegetable intakes of the natives is unclear. 

 

 

Child gender 

Evidence from studies on gender differences in FV intakes is inconclusive. Results 

from the most comprehensive review on the determinants of FV consumption in 

children aged 6 to 18 years concluded that child gender is one of the strongest 

determinants of FV intakes in children (359). In this 2006 review by Rasmussen and 

colleagues, 27 studies out of 49 reviewed reported that girls consumed more fruit and 

vegetables than boys while 18 reported no differences and 4 reported boys ate more 

fruit and vegetables than girls (359). In contrast, a 2014 review by Noia and Bryd-

Bredbenner on low income children and adolescents aged <20 years, reported that in 
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11 out of the 14 studies reviewed, there were no gender differences in FV intakes 

(371). It is unclear why such discrepancies exist but studies examining the 

modifiable mediators of gender effect on FV intakes may shed some light on the 

subject. 

 

In 2008, a longitudinal study on 896 Norwegian children aged 12.5 to 15.5 years old 

reported that preference was the strongest mediator of the difference in FV intakes 

between boys and girls (372). The authors of this study proposed a mediator model 

consisting of 6 modifiable mediators (accessibility, modelling, intention, preferences, 

self-efficacy and knowledge) with gender as the independent variable and FV intake 

as the outcome variable (372). The resulting analysis revealed that preference alone 

explained 81% of the gender difference in FV intakes (372). The findings of this 

study support the findings from an earlier cross-sectional study by Cooke and Wardle 

(2005) on 1291 U.K. children aged 4 to 16 years where girls were found to like fruits 

(p<0.05) and vegetables (p<0.001) more than boys, and boys were found to like fatty 

and sugary foods (p<0.005), meat (p<0.001), processed meat products (p<0.001) and 

eggs (p<0.05) than girls (373). Interestingly, a study by Cooke et al in 2004 on 564 

parents of children aged 2 to 6 years old reported a significant gender difference only 

for vegetable intake and not for fruit intake (42). This suggests that besides food 

preferential differences between genders, behavioural differences for fruit and 

vegetable consumption may exist and that fruit and vegetables should be examined 

as two separate outcomes. Moreover, there is some evidence to show that different 

maternal feeding practices may explain the gender differences in FV intake although 

evidence in this area is limited and inconclusive (374). Despite discrepancies in the 
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findings discussed above, child gender is potentially an important determinant of FV 

intake. 

 

2.2.2.2  Maternal intake 

In early childhood, mothers are the gate-keepers of children’s diet (147) and are 

therefore, in a unique position to expose children to fruits and vegetables. In 

addition, studies on children of various ages have reported an association between 

parental (predominantly mothers) FV and child FV intakes. In a study on 191 five-

year-old girls, Fischer and colleagues reported that parents who consumed more FV 

had daughters who consumed more FV (r=0.23, p<0.05) (375).  

 

In 2004, Bere & Klepp reported a significant correlation between parental and child 

FV intakes (r=0.23, p<0.05) in 1950 Norwegian children aged 10-12 years- old 

(376). Positive associations between parental and child FV intakes were also found in 

children aged 2 to 5 years-old (n=73, r=0.30,p<0.001, all respondents were mothers) 

(377) and 4 to 12 years-old (n=1739, r=0.14, p<0.001, 85% respondents were 

mothers) (378). The 2006 systematic review by Rasmussen and colleagues reported 

that 8 out of the 9 papers on parental and child FV intakes reported a positive 

association, making parental FV intake one of the most consistent predictor of fruit 

and vegetable intake in children (359). 
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2.2.2.3  Repeated exposure to novel foods 

Exposure to foods can change children’s food preferences and subsequently intakes 

(35). The evidence is so consistent, powerful and universal that ‘exposure’ is 

considered the ‘gold standard’ to explain food preference and intakes in children 

(35). In one of the earliest studies on the effect of exposure on child food 

preferences, Birch and Marlin conducted two experiments on 2-year-old children 

(n=6 in Experiment 1 and n=8 in Experiment 2) where the children were exposed to 

5 types of novel cheeses (Experiment 1) and 5 types of novel fruits (Experiment 2) 

over a 26-day and 25-day period respectively (379). They found direct correlations 

between frequency of exposure to food preferences in both experiments (r=0.95, 

p<0.02 in Experiment 1 and r=0.97, p<0.01 in Experiment 2) and reported that an 

exposure of 8 to 10 times was necessary before preferences began to change 

significantly (379). Moreover, almost all of the children studied (13 out of 14) 

selected the foods they were most familiar with when foods were presented 

subsequently, indicating consistency of results within and between study subjects 

(379).  

 

In a later study by Sullivan and Birch on 36 infants at weaning age (4 to 6 months 

old), increased intake of green beans or peas was reported after 10 exposures 

(p<0.001) (380) while a study on 39 infants aged 4- to 7-months reported a minimum 

of 8 exposures was required before a significant increase in intake of a novel fruit 

was observed (381). Similarly, a study published in 2007 on the effect of repeated 

exposure on the consumption of initially disliked vegetable reported increase in the 

amount consumed that by the eighth exposure, intakes of the vegetable increased 
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more than 4 times from the baseline intake (268). Moreover the effect of exposure 

seemed to be accumulative; eg: as more new foods were added to the child’s food 

repertoire, the less exposure was required before these new foods became accepted 

(382). However it is currently still unknown how many times a new food needs to be 

offered before it is accepted by infants (65). Frequency of exposure before a food is 

accepted varies between individuals and is dependent on the type of food being 

offered as sensory properties of food can also play a role in determining food 

acceptance (35). 

 

While visual, touch and smell exposure can influence food acceptance in children 

(383, 384), it is important that they taste the new food, especially older children (≥ 2 

years old) (35) as they place greater emphasis on the hedonic value of food and are 

more likely to increase intake of a new food if they are told that it tastes good over 

being told that the food is good for them (356).  

 

Children were also more willing to eat new vegetables if they were given tangible 

rewards for their efforts, though this practice remains controversial as rewards may 

undermine children’s natural motivation (385). For instance, in a randomised trial by 

Wardle and colleagues on 156 parent-child dyads of children aged 2 to 6 years, 

parents who were assigned to the ‘Exposure’ group reported greater increases in 

liking and consumption of the ‘target’ vegetable in children compared to parents in 

the ‘Control’ and ‘Information’ groups (386). Later studies expanded on this earlier 

study by Wardle et al and added a reward with exposure as an intervention strategy 

(387, 388). They generally reported positive intake outcomes when reward was used 

in conjunction with exposure (387-389) though there are studies that cautioned 
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against this practice, reporting instead decreased preference and intakes (390, 391).  

A 2011 review by Cooke and colleagues concluded that the effect of reward and 

exposure is dependent on the outcome (intake or liking) and the ‘target food’ (liked 

versus disliked) (392). The use of reward with exposure generally led to increased 

intake of the ‘target food’ while the opposite was true for increasing liking of the 

food if the ‘target food’ was already liked (392). Yet, despite the positive effect of 

repeated exposure on the acceptance, preference and consumption of novel foods, 

current evidence shows that most parents would offer a new food a limited number 

of times (around 5 times) before deciding that their children dislike the food (35).  

 

It is also important that children are offered fruit and vegetables continuously before 

any change in intakes can be observed. In a 2014 study, Barends and colleagues 

showed that a continuous 18-day exposure to vegetables exclusively at the weaning 

period resulted in higher intake of vegetables at the 19th day of exposure (almost 

doubled) and that weaning exclusively with vegetables resulted in 38% higher 

vegetable intake at 12 months of age compared to children weaned with fruits 

(p<0.05) (393). Findings may also differ depending on the vegetable that was offered 

to children at the weaning period. For example, one recent longitudinal experimental 

study reported higher intake and preference of carrots (a sweet vegetable) to green 

beans (a bland tasting vegetable) throughout the 18 months of the study, regardless 

of whether children were in the control (n=18) or intervention group (n=18, repeated 

exposure of >12 daily exposures) (394). The acceptance of green beans may be 

difficult to favour at weaning and may require a higher intensity of exposure as green 

beans alone or as part of a variety of vegetables offered within or between meals 

(395). 
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Timing of exposure also plays an important role in determining food acceptance. 

From a developmental point of view, ‘sensitive periods’ exist for children to learn to 

accept new foods (396-398) and interventions aiming to increase intake of novel 

foods should consider offering these foods during these ‘sensitive periods’. For 

example, there is evidence to show that fruits and vegetables are the least preferred 

foods at weaning (399) but despite this, acceptance was greater at weaning than at 2 

years of age or older (274).  

 

A number of studies have shown an association between fruit and vegetable exposure 

at the weaning period to fruit and vegetable intakes in later childhood (42, 274, 400, 

401). In 2002, Skinner and colleagues conducted the first ever longitudinal analysis 

on the link between early fruit and vegetable exposure to fruit and vegetable variety 

in later years (26). They examined 70 white American mother-child dyads and found 

that fruit variety of school-aged children was predicted by fruit exposure (R2=0.25, 

p<0.001) and variety (R2= 0.25, p<0.001) in the first 2 years of life (26). In a more 

recent longitudinal study, Lange and colleagues studied 203 children from the 

beginning of the weaning period to 15 months of age and reported that the earlier 

vegetables were introduced, the higher infants’ acceptance of vegetables was at 15 

months of age (p<0.05) (399). Moreover, a UK study by Coulthard and colleagues on 

7866 mother-child dyads from the Avon Longitudinal Study of Parents and Children 

(ALSPAC) found that age of introduction to home-cooked foods moderated the 

association between frequency of exposure to home-cooked fruit and vegetables at 6 

months and children’s fruit and vegetables consumption at 7 years of age (β=0.14, 

p<0.001) (402).  
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The link between age of introduction of fruit and vegetables and subsequent intake 

may be explained by the difference in maternal feeding practices. In a 2014 study, 

Coulthard, Harris and Fogel found that infants who were weaned late (>5.5 months 

old) and weaned to single taste vegetable consumed significantly less of the novel 

vegetable compared to infants weaned late (>5.5 months old) to multiple vegetable 

tastes (p<0.05) or infants weaned earlier (≤ 5.5 months old) (267). This provides 

further evidence that early introduction to vegetables is linked to its better acceptance 

and consumption while the effects of later weaning may be compensated through 

exposure to a variety of vegetables. It is therefore clear the age of introduction is an 

important determinant of young children’s fruit and vegetable intakes through its role 

in early exposure. 

 

2.2.2.4  Child feeding behaviour 

Child feeding behaviours such as neophobia and fussy/picky eating have been 

associated with poor fruit and vegetable consumption (24, 403, 404). Although 

correlated to each other (405), neophobia and picky/fussy eating are behaviourally 

and theoretically distinct from each other (64). Food neophobia is generally regarded 

as the reluctance to eat or the avoidance of novel foods while picky/fussy eating is 

defined as inadequate consumption of a variety of foods through rejection of familiar 

and unfamiliar foods (64). 

 

Neophobia has strong genetic links (24). The age of onset is debatable with evidence 

showing that this behaviour peaks between ages 2 to 6 years and decreases with age 

(64). Although most children show some degree of caution in response to novel 
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foods, it is estimated that around 20-30% children are significantly neophobic (24). 

Higher neophobia has been found to be associated with poorer consumption of fruits 

and vegetables in young children (66, 406). For instance, a study conducted by 

Cooke and colleagues on 109 parents of 4 to 5 year olds attending four London 

primary schools reported that neophobia was associated with lower consumption of 

fruit and vegetables (r = -0.27, p<0.01) but no such association was found for intake 

of starchy and snack foods (406). A more recent Australian study using data obtained 

from the NOURISH and South Australian Infants Dietary Intake (SAIDI) studies 

(n=330) found a significantly higher number of neophobic children were consuming 

a lower variety of fruits and vegetables at 24 months of age (407). Interestingly, this 

study also found that neophobic children were obtaining a greater proportion of their 

daily energy intakes from discretionary foods (407).  

 

Picky/fussy eating is linked to higher tactile, cognitive and affective sensitivity (408). 

Picky/fussy eating extends further than food neophobia with picky/fussy eaters 

rejecting food not merely based on taste alone but on textures, smell and sight of the 

food as well (64). Depending on the study cohort, rates of picky/fussy eating in 

children can vary from 8% to 50% (409).  Moreover, a 2007 Canadian study by 

Dubois and colleagues on 1498 children from the Longitudinal Study of Child 

Development reported that the proportion of children reported as ‘picky eaters’ 

tracked between ages 2.5 to 4.5 years (410). 

 

Picky/fussy eating has been associated with lower intakes and poor variety of fruit 

and vegetables in children (403, 404, 411). For example, an American study on one 

hundred and seventy-three 9-year-old white girls reported that picky eaters ate 
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significantly less fruit and vegetables (r =-0.19, p≤0.05) (404). Using structural 

equation modelling, the authors found that girls’ fruit and vegetable intakes at age 9 

was strongly associated with girls’ micronutrient intakes (especially vitamins E and 

C) (r = 0.50, p≤0.001) and fibre intake (r = 0.71, p≤0.001) (404), providing evidence 

that poor fruit and vegetable intakes due to picky/fussy eating can potentially affect 

children’s nutritional status. In a cohort of children followed from birth to 5.5 years 

of age (n=135), Jacobi, Agras and Hammer showed that picky eaters also ate a 

significantly lower variety of foods, especially vegetables (p<0.001) (403). In a 

recently published paper using data from the 2008 Feeding Infants and Toddlers 

Study (FITS) (n=2371, children aged 12 to 47.9 months old), van der Horst and 

colleagues reported that picker eaters were more likely to be neophobic (p<0.001), 

texture resistant (p<0.001), ate fewer vegetables from the “other vegetables” 

category (Brussel sprouts, asparagus, artichoke, beets, cabbage, celery, green beans, 

lettuce, mushrooms, okra, onions, pea pods, peppers, tomatoes, yellow beans, 

zucchini and yellow squash) (p<0.01) and less raw vegetables (p<0.001) compared to 

non-picky eaters (411).  

 

Despite this, neophobia and picky/fussy eating can be reduced through early and 

repeated exposure to disliked or novel foods (64, 412), indicating the importance of 

early intervention. The role of exposure in determining outcomes in fruit and 

vegetable consumption in children is presented in Section 2.2.2.3. Given the 

association between food neophobia and picky/fussy eating with food intake, it is 

therefore important that they are considered when examining the determinants of 

fruit and vegetable consumption in young children. 
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2.3 CONCLUSION 
 

Children’s consumption of fruit and vegetables (FV) fall short of recommendations.  

Inadequate consumption of FV increases the risk of cardiovascular diseases, some 

cancers, chronic respiratory diseases, and diabetes. Furthermore, evidence from the 

Boyd Orr cohort indicates that adequate consumption of FV may have a protective 

effect against future risk of cardiovascular disease, stroke and some cancers.   

 

In early childhood, exposure and child behaviour towards new foods play important 

roles in determining acceptance and consumption of fruit and vegetables. Children 

from mothers with a high sense of feeding self-efficacy consume more FV than 

children from mothers who are less efficacious at feeding.  This relationship may be 

influenced by the state of mother’s mental health and child’s temperament, and 

warrants further investigation. 
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 CHAPTER THREE: METHODOLOGY 

 

This chapter describes the overall design and procedures of the study, including a 

comprehensive description of questionnaire items, data reduction and transformation 

processes, and variable definitions. The chapter ends with a detailed description of 

the data analysis method to aid understanding of the method and tests used in this 

study.  

 

3.1  STUDY DESIGN 
 

The subjects in this study were participants in the South Australia Infants Dietary 

Intake (SAIDI) study (146). SAIDI is a longitudinal study designed to prospectively 

describe maternal feeding practices, dietary intake and growth of young children 

aged 6 months to 24 months. Mother-child dyads were recruited at birth and assessed 

at 6 months (Time 1), 14 months (Time 2) and 24 months (Time 3) postnatal. This 

thesis is confined to data collected at Time 1 (T1) and Time 2 (T2). Table 3.1 shows 

the measures collected in the SAIDI study and the measures that are reported in this 

thesis (highlighted in bold and shaded). Figure 3.1 summarises the overall design of 

the SAIDI study, from recruitment to consent, including assessment time points 

relevant to this thesis. 

 

Ethics approval for the study was granted by the Flinders Clinical Research Ethics 

Committee, Children, Women & Youth Health Ethics Committee (CWYHS), Central 

Northern Adelaide Health Service Ethics of Human Research Committee, Bellberry 
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Human Research Ethics Committee and Health SA Ethics Committee. Therefore, 

consent forms are site specific (eg: different site logos and contact details for ethics 

committees) to conform to the ethics requirements of the study sites. 

 

Table 3.1 Overview of measures collected in the SAIDI study and measures reported in 

this thesis (highlighted in bold and shaded). 

Measure Time of assessment 
T1 T2 

Demographics   

Maternal age, parity, country of birth, education level X  

Child gender, birth weight, birth length   

Anthropometry   

Child weight and length X X 

Maternal weight and height X  

Dietary intake   

24-hour dietary recall X X 

2 days food diary X X 

Questionnaire   

Breastfeeding, formula feeding, other fluids X X 

Feeding solids, food refusal, fussiness X X 

Child self-feeding skills X X 

Child feeding practicesa X X 

Maternal feeding self-efficacy X X 

Maternal psychological distressb X X 

Maternal perception of child weight and health X X 

Child temperament X X 

General parenting and lifestyle X X 

Household and family income X X 
aitems from the Child Feeding Practices Questionnaire (413) 
bitems from Kessler 10 (414)
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Figure 3.1 Summary of overall design of the SAIDI study that is relevant to this thesis. 
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dyads 
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3.2  STUDY POPULATION 
 

This section outlines the exclusion criteria for the study. Exclusion criteria were set 

in the SAIDI study to examine dietary intake, growth and feeding practices in a 

cohort of healthy mother-child dyads and are therefore suited for the purpose of this 

thesis. 

3.2.1  Maternal exclusion criteria 

Mothers were ineligible to enrol in the study if they were: 

- aged below 18 years of age at the time of birth of the study child 

- unable to read and write in English or required the assistance of translators.  

3.2.2  Child exclusion criteria 

Infants were ineligible to enrol in this study if they were: 

- born with congenital, physical or long-term illnesses that may affect feeding 

- born with a birth weight below 2500g 

- born before 37 weeks gestation. 

 

3.3  STUDY PROCEDURE 
 

This section describes the recruitment procedures of the study, including how 

eligible mother-child dyads were identified. 
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3.3.1  Eligibility screening 

In metropolitan hospitals, eligible mothers were identified from consultation with 

ward nurses, from the nurses’ hand-over notes and birth records which include 

information on maternal parity, age, requirement for a translator, general medical 

status (eg: diabetic, hypertension), and infant gender and medical status.  Mothers 

were then approached by study staff while still in hospital for consent for further 

contact regarding the study. In Regional hospitals, eligible mothers were identified 

and recruited by the hospital staff (nurses, midwives) trained and employed by the 

SAIDI research team. 

 

3.3.2  Recruitment  

Eligible mother-child dyads were recruited post-natally between 27th September 

2008 and 31st March 2009. Participants were recruited from three public hospitals 

and one private hospital in metropolitan Adelaide and seven public hospitals from 

regional South Australia.  

 

Estimated number of eligible participants for the study was based on the estimated 

number of births from each hospital for the duration of the study (Table 3.2) which 

was based on birth records from each hospital for the same time period in previous 

years. The anticipated 25% response rate was based on previous experience from the 

NOURISH study (415) from which this study derived its recruitment and dietary 

assessment methodology (416). Contrary to SAIDI’s longitudinal descriptive design, 

the NOURISH study is a randomised intervention trial on early feeding practices in 

children aged 4-24 months old. Recruitment and eligibility screening procedures in 
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SAIDI varied slightly from hospital to hospital to account for the multi-site variation 

in patient filing, booking and hospital staff shift systems.  

 

 

Table 3.2 Estimated number of participants based on estimated births per sites of 

recruitment between 27th September, 2008 to 31st March, 2009 in the SAIDI study. 

 

Study site: 

 

Estimated births: 

Estimated number of 

potential participants for the 

study*: 

Metropolitan 

 

Women’s and Children’s Hospital 

 

482 121 

Flinders Medical Centre 

 

1196 299 

Ashford Hospital 

 

738 185 

Lyell McEwin Hospital 

 

631 158 

Regional 

 

Port Lincoln Hospital 

 

144 36 

Whyalla Hospital 

 

150 38 

Port Augusta Hospital 

 

156 39 

Gawler Hospital 

 

148 37 

Mount Barker Hospital 

 

166 42 

Murray Bridge Hospital 

 

141 36 

Mount Gambier Hospital 

 

265 66 

*based on 25% response rate from the NOURISH study (415). 

 

3.3.3  Consent 

A two-stage recruitment process was used to obtain consent from mothers. This is 

designed to obtain a consecutive sample for the study. The first consent (Stage 1) 

was given after the birth of the infant when study staff approached eligible mothers 

to introduce and describe the study before their discharge from hospital. Following 
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the description given by study staff, mothers were asked if they were interested to 

participate in the study. The second consent (Stage 2) was given when study staff 

contacted mothers around 2 weeks prior to her child turning 6 months old.  

 

3.3.3.1 Consent at recruitment (Stage 1) 

Mothers consenting at Stage 1 signed a site-specific consent form agreeing to further 

contact by study staff in around 5 months’ time. These mothers completed a short 

questionnaire providing mother’s contact details, two alternate contacts of persons 

not living in the same household, socio-demographic data (eg: mother’s date of birth, 

education level, marital status etc) , their feeding intentions (eg: breast feeding, 

formula feeding etc) and parenting support. This questionnaire took around 5 

minutes to complete. Mothers were also provided with:- 

 

1) A take-home pamphlet containing information on the study and contact 

details of study staff  

2) A paper slip for them to notify staff of change of address or to withdraw from 

the study  

3) A reply- paid envelope for the paper slip above 

 

3.3.3.2 Non-consenters at Stage 1 

Mothers declining to participate in the study were asked to complete a short one page 

“No” questionnaire on socio-demographics, feeding intention and parenting support. 

Completion of this questionnaire was optional. Mothers agreeing to complete this 
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questionnaire signed a site-specific consent form stating that they did not wish to 

participate in the study but gave permission to complete the questionnaire. This 

questionnaire took around 1 minute to complete. 

 

3.3.3.3 Consent for further study (Stage 2/Time 1) 

Around 2 weeks prior to the child turning 6 months old, study staff mailed letters of 

invitation for participation in the study to mothers who had consented to further 

contact at Stage 1. The letter of invitation to enrol in the study included: 

 

1) A covering letter explaining the invitation to participate in the study and 

instructions on what to complete and return to study staff 

2) A detailed information pamphlet about the study and what was required of 

mothers for the study  

3) A site-specific consent form to enrol in the study 

4) A form for mothers to indicate their time and venue preference for the 

assessments of anthropometric measurement  

5) A short “No” questionnaire for mothers declining to participate. Completion 

of this “No” questionnaire was optional. 

6) A paper slip for them to notify staff of change of address or to withdraw from 

the study  

7) A reply- paid envelope  
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3.3.3.4 Follow up procedure 

Two weeks after sending the letter of invitation for further participation, study staff 

gave mothers who had not responded a call to enquire if they had received the letter. 

Mothers who indicated their consent over the phone when contacted were asked their 

preference for venue and time for the anthropometric assessments and immediately 

mailed the consent form (if misplaced or lost). They were asked to bring their 

completed consent form to the anthropometric assessment session (Section 3.4.1). 

 

3.4 DATA COLLECTION AND TRANSFORMATION 
 

This section details the data collection methods and includes descriptions of 

measurement items from questionnaires and details of data transformation in 

preparation for data analysis. Data were collected using standardised questionnaires, 

diet recall forms and food diaries that were de-identified when collected. Hard copies 

of the completed questionnaires, diet recall forms and food diaries were stored in a 

locked filing cabinet according to time intervals (T1, T2) and stage of completion. 

All questionnaires, dietary recalls and food diaries were checked for their level of 

completeness and investigated where possible (eg: ringing participants to clarify 

ambiguous and missing responses). For all entered data, discrepancies and missing 

data were checked against the raw data and corrected where appropriate. 
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3.4.1  Assessment at Time 1 (T1) 

Mothers who consented to further participation at T1 were sent a letter containing the 

T1 Questionnaire (Appendix 2) to complete at home. Study staff also contacted 

mothers and made appointments for the measurement of child weight and length. 

Metropolitan mothers who attended the measurement appointments brought their 

completed T1 Questionnaire. Measured child weight and length were recorded at the 

back of the T1 Questionnaire and filed for data entry and analysis. 

 

After the anthropometric measurements were taken, mothers were given standardised 

visual aids for serve size estimation, instructions on how to estimate breast milk 

intake, food diaries for them to record child food intake for 2 days and reply-paid 

envelopes for the food diaries. Mothers were told to wait for further instructions from 

study staff before recording child’s food intake in the diaries. Mothers also indicated 

the times when it was not appropriate for study staff to contact them to conduct a 24-

hour dietary recall.  

 

The procedure for data collection from regional mothers was similar to metropolitan 

mothers with the exception that regional mothers were not required to attend 

measurement appointments. They were instructed to have their child weighed and 

measured at the nearest doctor’s clinic or Child and Youth Health clinic. This was 

easily achieved as the measurement of the child weight and length coincided with the 

6 months universal immunisation and general health check. Unlike metropolitan 

mothers, regional mothers were asked to report all anthropometric measurements at 

the back of the T1 Questionnaire before mailing the questionnaire back to study staff. 
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The visual aid for serve size estimation was included in the letter containing the T1 

Questionnaire sent to regional mothers. 

 

3.4.2  Assessment at Time 2 (T2) 

The procedure for T2 assessments was similar to the T1 assessments for both 

metropolitan and regional mothers with the exception that consent was not required. 

T2 Questionnaires (Appendix 2) were mailed to mothers with similar items, but age-

adjusted to ensure appropriateness. The T2 letter which included the T2 

Questionnaire was mailed to mothers around 2 weeks prior to the child turning 13 

months old. 

 

3.4.3  Demographics 

Data on maternal age, education level, marital status and country of birth were 

obtained at Stage 1. Maternal age was calculated from the difference between the 

date of child birth and maternal birth date.  Mothers responded to the choices of 1= 

Year 10 or 11, 2= Completed Year 12, 3= Trade, college or equivalent, 4= University 

for the highest level of education. For data on marital status, mothers responded to 

the choices of 1= Single/Never married, 2= Married, 3= De facto and 4= Widowed. 

Maternal country of birth was recorded in categorical options of 1= Australia/NZ, 2= 

UK/Europe/US, 3= Asia, 4= Others. Country of birth was used as a proxy variable of 

cultural determinant. Due to the small number of  mothers from diversified birth 

countries, this variable was coded into two categories (Australian-born, Others) for 

analysis. Mothers responded to the options of 1= $0-$385 per week, 2= $386-$673 
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per week, 3= $674-961 per week, 4= $962-$1346 per week, 5= $1347-$1923 per 

week and 6= more than $1923 per week to the question on combined gross 

household income in T1 Questionnaire (Appendix 2) for measurement of household 

income. Data on total number of children (parity) was obtained from the Stage 1 

questionnaire. The study child was included in the total number of children variable 

in this study.  

 

Data on child gender was collected at Stage 1 from the birth register in the hospital. 

Child age at T1 and T2 were calculated from the difference between date of 

completion of the assessment questionnaires and child date of birth. Mother and 

child’s place of residence was also recorded at Stage 1 as either in metropolitan or 

regional South Australia. Table 3.3 summarises the socio-demographic variables 

reported.
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Table 3.3 Summary of socio-demographic variables included in thesis. 
Variable Source Definition Original form Final form 

Maternal age Stage 1 questionnaire Mother’s age at time of study child’s 

birth 

 

Age in years Continuous – age in years 

Maternal education Stage 1 questionnaire The highest level of education 

attained at the time of study child’s 

birth 

Categorical – 1=Year 10/11, 2= Year 

12, 3=Trade, TAFE, college or 

equivalent, 4= University 

 

Binary – 1=Did not complete 

post-school education, 2= 

Completed post-school 

education 

 

Marital status Stage 1 questionnaire Mother’s marital status at the time of 

study child’s birth 

Categorical – 1=Single/Never married, 

2= Married, 3= De-facto, 4=Widowed 

 

Binary – 1= Not partnered, 2= 

Partnered 

Maternal country of birth Stage 1 questionnaire Mother’s country of birth Categorical – 1=Australia, 2= New 

Zealand, 3= UK/Europe/Us, 4= Asia, 

5= Others 

 

Binary – 1= Not Australian 

born, 2= Australian born 

Family income Time 1 and Time 2 questionnaires Gross family income per week at time 

of assessment 

Categorical – 1= $0-385, 2=$386-673, 

3=$674-961, 4=$962-1346, 5= $1347-

1923, 6= >$1923. 

 

Categorical – retained original 

categories. 

Total number of children 

(parity) 

Stage 1 questionnaire The number of children (including 

study child) mother had at time of 

study child’s birth 

 

Total number of children Continuous - count 

Child age Birth register (for child date of 

birth), Time 1 questionnaire,  

Time 2 questionnaire  

 

Child age at Time 1 and Time 2 Age in weeks Continuous – age in months 

Child gender Birth register Study child’s born gender Binary – 1= Male, 2= Female Binary – retained original form. 

 

Residence Stage 1 questionnaire Mother-child place of residence Binary – 1=Metropolitan, 2=Regional Binary – retained original form. 
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3.4.4  Child weight and length 

Child weight was measured at T1 and T2 using Tanita Digital Baby Scales Model 

BD-590 to the nearest 0.01kg. Scales were tared to 0 and mothers were asked to 

remove all forms of clothing, including nappies from their child, before placing their 

child on the weighing scale. 

 

Child length was measured at T1 and T2 using the Seca length mat to the nearest 

0.5cm. The Seca length mat has a fixed headpiece and a movable board to measure 

length of children up to 2 years of age. Children were measured supine with no or 

minimal (nappies only) clothing on. Mothers were asked to place their child with the 

top of his/her head touching the headpiece and their backbone on the straight line on 

the length mat. Mothers held the sides of their child’s head to ensure it was facing 

straight up while study staff gently pressed down on the child’s knees to straighten 

the legs. The sliding board was moved and stopped when the base of the child’s feet 

were touched firmly to the flat surface of the board and parallel (at 90o) to the mat. 

 

Weight and length data were entered into Excel 2010 (417) and converted into WHO 

z-scores using the LMS Growth software (418).  Weight and length z-scores were 

then transferred into SPSS 19 (419) for analysis. 
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3.4.5  Child feeding practices 

Breastfeeding status at each time point was determined from the question “Are you 

currently breastfeeding your child?” while child age when mother stopped 

breastfeeding was determined from responses to the question “How old was your 

child when you stopped breastfeeding?”  Mothers were given the option to record 

their answers to the later question in days, weeks or months. Responses in days and 

months were converted into weeks (based on 7 days = 1 week and 12 months = 52 

weeks). 

 

Age of introduction of solids was determined from the item “At what age was your 

child first given solid or semi-solid food regularly?” Regularly was defined as ‘more 

than twice a week for several continuous weeks’. Mothers were given the option of 

recording their responses in weeks or months. Responses in months were converted 

into weeks (based on 12 months = 52 weeks).  

 

3.4.6  Child food intake 

3.4.6.1 Collection 

One 24-hour dietary recall and two days of food record (food diaries) were collected. 

Study staff contacted mothers one to two weeks after anthropometric measurements 

were taken and conducted a 24-hour dietary recall phone interview using the 

multiple-pass methodology (420).  
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In the first pass, mothers were asked to recall the times when their child had 

something to eat in the past 24 hours (from midnight to just before midnight the day 

before the interview). In the second pass, the interviewer prompted mothers to recall 

the type of food and drinks given to their child, including names and brands of food 

and drinks offered. In the third pass, mothers were asked to estimate the amount 

consumed by the child while using the visual aid provided. In the fourth pass, study 

staff asked mothers if their child was given supplements, details of the supplements 

(if consumed), amount of water consumed, and if child was given other snacks that 

mother may have forgotten (eg: teething rusks, dips, icing, a taste of something the 

adults were eating etc). Finally, mothers were asked a short series of questions 

pertaining to salt and sugar usage in preparing foods and drinks offered to their child. 

The 24-hour dietary recall ended with study staff reciting the dietary information 

gathered for final confirmation from mothers. 

 

Following the 24-hour dietary recall, mothers were advised of the two days to keep 

the food diary. The two days were selected to ensure that each child had dietary data 

for 2 weekdays and 1 weekend day and that all days of the week are equally 

represented for the study cohort. Mothers were given both verbal (in the phone 

interview) and written (in the diary) instructions on how to record child foods and 

drinks in the diary, and to record to the similar level of detail required in the 24-hour 

dietary recall:- 

1) provide the recipes for home-cooked foods 

2) give brand and product name for shop-bought foods and drinks 
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3) describe to the best detail the ingredients in the dishes consumed when eating 

out or if food was prepared by someone else (such as in childcare, party and 

other social situations) 

4) give the best estimates of amounts consumed (mothers encouraged to use the 

visual aids provided for the dietary recall as guide for estimation) 

5) record the time when any foods and drinks were consumed 

6) record consumption of supplements, salt and sugar 

7) record duration of breastfeeding and amount of formula and/or cow’s milk 

consumed (including how formula was prepared) 

8) record the amount of water consumed 

 

Mothers mailed their completed food diaries to study staff using reply-paid 

envelopes provided with the diaries. Study staff checked each diary received to 

ensure they were recorded in adequate detail for data entry. Mothers were contacted 

by study staff for clarification if there was inadequate detail or ambiguity in their 

food diaries.  

 

3.4.6.2 Entry and management of food data 

All food data were entered into FoodWorks 2009 version 6 with AUSNUT 2007 

database (421) by trained study staff. Home recipes were entered as new recipes. 

Commercial infant food products not available in the AUSNUT 2007 database were 

entered as new foods. Data for these foods was sourced from food labels and 

company websites. Where information on ingredients and nutrient content were 

missing, a product from another company with the nearest description was selected.  
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Food data were exported from FoodWorks into an Access database and merged with 

an 8 digit AUSNUT food code which allowed identification of each unique food. All 

home recipes and food products not available in the AUSNUT 2007 database were 

given new 8 digit AUSNUT food code. Codes were allocated based on the 

predominant ingredient, for example a chicken and vegetable home-cooked puree 

with 30% chicken, 60% vegetable and 10% water was allocated a code within the 

vegetable food group. This database was imported to SPSS version 19 (419). 

 

3.4.6.3 Amount, frequency and variety of fruit or vegetable (3 days) 

From the SPSS food database, fruits and vegetables were identified based on their 8 

digit AUSNUT food codes. Amounts of fruit and vegetable consumed were 

calculated by totalling the grams of fruit and vegetable consumed. Frequency is 

defined as the number of occasions fruit or vegetable was consumed while variety is 

defined as the number of different sub-groups of fruits or vegetable consumed by the 

child. In total, twenty sub-groups of fruit and twenty-eight sub-groups of vegetables 

were identified (Table 3.4). Daily intakes (amount, frequency and variety) were 

calculated as mean of three days. 
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Table 3.4 Sub-groups of fruits and vegetables 

Fruit Vegetable 
Apple 

Pear 

Banana 

Stone fruits 

Berries 

Citrus fruits 

Grapes 

Melons 

Mango 

Pawpaw 

Pineapple 

Kiwi fruit 

Dried fruits 

Rhubarb 

Dried fruits 

Fruit dish 

Mixed fruits 

Commercial infant fruit 

Commercial infant mixed fruits 

Commercial infant fruit dish 

Pumpkin 

Potato 

Sweet potato 

Carrot 

Broccoli 

Peas and beans 

Zucchini 

Avocado 

Cauliflower 

Sweet corn 

Green leafy vegetables 

Cabbage 

Tomato 

Cucumber 

Beetroot 

Capsicum 

Mushroom 

Bean sprout 

Mixed vegetables 

Root vegetables 

Garlic and onion 

Legume 

Legume dish 

Commercial infant vegetables 

Commercial infant vegetable dish 

Vegetable dish 

Vegetable soup 

Pickled vegetable 

 

3.4.6.4 Consumption of fruit and vegetable 

Binary variables were created for fruit and vegetable intakes to show consumption 

status (consumed/did not consume) at each time point. Additional variables for fruit 

and vegetable consumption (consumed/did not consume) were created based on the 

following conditions: 

i) Exclusion of commercial infant food products from the food data 

ii) Exclusion of potatoes from the vegetable food group 
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3.4.7  Maternal fruit and vegetable intakes 

Maternal fruit intake was measured from an item in the T1 and T2 questionnaires: 

“How many serves of fruit do you usually eat each day?” The definition of one serve 

of fruit was 1 medium piece of fruit or 1 cup of diced pieces. Responses were 

recorded as 0 serve, 1 serve, 2 serves, 3 to 4 serves and 5 or more serves. 

 

Maternal vegetable intake was measure from an item in the T1 and T2 

questionnaires: “How many serves of vegetables do you usually eat each day?” The 

definition of one serve of vegetable was ½ cup of cooked vegetables or 1 cup of 

salad vegetables. Responses were recorded as 0 serve, 1 serve, 2 serves, 3-4 serves 

and 5 or more serves.  

 

3.4.8  Maternal feeding self-efficacy 

Maternal feeding self- efficacy was measured using items adopted and modified from 

the “Self-efficacy” questionnaire from the Nutrition Education Aimed at Toddlers 

(NEAT) project (422).  There is currently no known validated maternal self-efficacy 

questionnaire in feeding solids to infants and toddlers, although validated self-

efficacy questionnaires have been developed in the past for self-efficacy in 

breastfeeding (305, 423-425).   

 

Five of a total of eight items from the NEAT “Self-efficacy” questionnaire were used 

at T1 while all 8 items were used at T2. Responses were recorded on a 5-point Likert 

scale of 1= Not confident at all to 5= Very Confident. Modification to the items at 

Time 1 included the use of the term “baby” over the term “child” and re-wording of 
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the items “I give my child healthy meals” and “I can get my child to eat enough at 

meals” to “I give my baby healthy foods” and “I can get my baby to eat enough”. 

Table 3.5 shows the items measuring maternal feeding self-efficacy used in this 

thesis. 

 

Table 3.5 Items measuring maternal feeding self-efficacy  

Items Time measured* 

Time 1 Time 2 
I can get my child to sit through a meal.  X 

I give my child healthy meals.a X X 

I can get my child to eat enough at meals.b X X 

I am able to serve meals at regular times everyday.  X 

I can get my child to try vegetables X X 

I give my child the right amounts of food. X X 

I can feed my child a meal without making dessert a reward.  X 

I can get my child to taste new foods. X X 
are-worded as “I give my baby healthy foods” at Time 1. 
bre-worded as “I can get my baby to eat enough” at Time 1. 

*Time 1: 4 to 9 months, Time 2: 11 to 18 months 

 

 

3.4.9  Child exposure to new foods, feeding behaviour and parenting 

confidence 

Items measuring child exposure to new foods, feeding behaviour and parenting 

confidence can be found in the Time 1 and Time 2 questionnaires. Two items were 

used to measure child exposure to novel foods. They were adopted from the 

questionnaire used in an earlier study by Chan, Magarey & Daniels (426). These 

items require mothers to record on 5-point scales how often they offered new foods 

to their child and how many times a new food is offered before deciding that their 

child does not like the food. For measurement of child feeding behaviour, two items 

on child willingness to eat new foods and ease in feeding child were used while one 

question adopted from the Wave 1 questionnaire (Parent 2 K Cohort, Question A9) 
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used in the Longitudinal Study of Australian Children (LSAC) (427) on maternal 

perception of themselves as a parent was used as a measure of parenting confidence. 

For analysis, descending scales were re-coded to ensure higher scores indicate higher 

agreement to the item. This facilitates interpretation of results from the conceptual 

model. Table 3.6 shows the items used to measure child exposure to new foods, 

feeding behaviour and parenting confidence, the original response scales for each 

item, the modifications to the original response scales and their final forms.
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Table 3.6 Items measuring child exposure to new foods, feeding behaviour and parenting confidence in the Time 1 and Time 2 questionnaires. 

Items Original response scale Modification Final form 

Exposure to new foods 
“How often is your child offered food s/he had never eaten 

before?” 

1= Very often, 2=Often, 3=Sometimes, 

4= Almost never, 5=Never. 

Recoded 1=Never, 2=Almost never, 

3=Sometimes, 4=Often, 5=Very 

often. 

 

“How many times do you offer a food to your child before 

deciding whether s/he likes the food?” 

 

1= Once, 2= Two to five times, 3= Six to 

ten times, 4=Eleven to fifteen times, 5= 

Sixteen or more times 

None As per original scale. 

Child feeding behaviour 
“How willing is your child to eat foods s/he had never eaten 

before?” 

1=Very willing, 2=Willing, 3=Neutral, 

4=Unwilling, 5= Very unwilling. 

Recoded 1= Very unwilling, 2= Unwilling, 

3=Neutral, 4= Willing, 5= Very 

willing. 

 

“Compared to children of similar age, my child is very easy 

to feed” 

 

1= Strongly agree, 2=Agree, 3= 

Disagree, 4= Strongly disagree. 

Recoded 1=Strongly disagree, 2=Disagree, 

3= Agree, 4=Strongly agree. 

Parenting confidence 
“Overall, as a parent, do you feel you are…..” 1= Not very good, 2=A person who has 

some trouble, 3=Average, 4= Better than 

average, 5= Very good. 

None As per original scale. 
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3.4.10  Maternal psychological distress 

Maternal psychological distress was measured at T1 and T2 of the study using the 

Kessler 10 Psychological Distress Scale (K10) (414). This popular screening tool has 

been studied in populations (428) and validated (414) as a screening tool for non-

specific psychological distress. Unlike other screening tools commonly used in 

maternal studies such as the Edinburg Postnatal Depression Scale (EPDS) (429) 

which predominantly screens for postnatal depression, the K10 covers 7 domains of 

psychological distress namely depression, anhedonia, anxiety, motor agitation, 

worthless guilt, fatigue and the thoughts of death (414). Whilst postnatal depression 

may contribute to the lowering of maternal feeding self-efficacy (430), it is not the 

only form of psychological distress that may affect self-efficacy (431, 432). The 

Kessler 10 is, therefore, more suited to the purpose of this study. 

 

K10 consists of 10-items starting with the question of “In the past 30 days, how often 

did you feel……” . Each item uses a 5-point Likert scale response with the score of 

1= None of the time, 2= A little of the time, 3= Some of the time, 4= Most of the 

time and 5= All of the time. The 10 items in the K10 can be found in Table 3.7. 

 

Table 3.7 Items in the Kessler 10 in the Time 1 and Time 2 questionnaires. 
In the past 30 days, how often did you feel….. 

- tired out for no good reason? 

- nervous? 

- so nervous that nothing could calm you down? 

- hopeless? 

- restless or fidgety? 

- so restless that you could not sit still? 

- depressed? 

- that everything was an effort? 

- so sad that nothing could cheer you up? 

- worthless? 
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3.4.11 Child temperament 

The three items measuring child irritability at T1 originate from the Short 

Temperament Scale for Infants (STSI) (433). This scale was adapted for use in 

Australia, from the Carey’s Revised Infant Temperament Questionnaire (for infants 

4-8 months old) (434), by the Australian Temperament Project using population data 

for Australian infants (435). Responses to the three items measuring “child 

irritability” were recorded on a 6-point Likert scale with the rating of 1= Almost 

never, 2= Not often, 3= Variable usually does not, 4= Variable usually does, 5= 

Frequently and 6= Almost always. 

 

At T2, eight items measuring child reactivity were adopted from the Carey Short 

Temperament Scale for Toddlers (for toddlers 1-3.5 years old) (STST) (436). This 

questionnaire was also revised by the Australian Temperament Project and studied in 

a population sample of Australian toddlers (437). Responses to these items were 

recorded on a 6-point Likert Scale with the same rating used in the STSI 

questionnaire. Table 3.8 shows the child temperament items used in the SAIDI T1 

and T2 questionnaires. 

 

 

 

 

 

 

 



  

126 

 

Table 3.8 Items measuring child irritability and child reactivity in the T1 and T2 

questionnaires. 

Time 1 (T1) 

Irritability 
My baby is fretful on waking up and/or going to sleep (frowns, cries). 

My baby amuses self for ½ hour or more in cot or playpen (looking at mobile, playing with toy etc).  

My baby continues to cry in spite of several minutes of soothing. 

My baby cries when left to play alone. 
 

Time T2 (T2) 

Reactivity 

My child cries after a fall or bump. 

My child response to frustration intensely (screams, yells). 

My child plays actively (bangs, throws, runs) with toys indoors. 

My child runs to get where s/he wants to go. 

My child has moody ‘off’ days when s/he is irritable all day. 

My child shows much bodily movements (stomps, writes, swings arms) when upset or crying 

My child is moody for more than for a few minutes when corrected or disciplined. 

My child frowns or complains when left to play by himself/herself. 
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3.5  DATA ANALYSIS 
 

This section describes statistical methods used to analyse the data used in this study, 

including exploration of data distribution and the methodology for the structural 

equation modelling to explore the proposed conceptual model. Data analysis was 

conducted using SPSS version 19 (419) for exploration of data distribution, 

descriptive analysis, Cronbach’s alpha test, Wilcoxon Signed Ranked Test, 

Spearman’s Rho and McNemar’s test while MPlus version 6.11 (438) was used for 

confirmatory factor analysis (CFA) of categorical variables and structural equation 

modelling (SEM).  

 

3.5.1  Data distribution 

The distribution of each variable is critical in this study as it determines the 

suitability of the statistical methods used for testing the measurement and structural 

equation models. Further discussion on measurement and structural equation 

modelling (SEM) is provided in section 3.6.4.  

 

3.5.1.1 Normality 

To assess normality of the data, five outputs from the Explore option in SPSS were 

considered. First, normality was visually checked via a histogram of the data overlaid 

with a normal curve. Data are normally distributed if the histogram resembles the 

normal curve with smaller frequencies for extreme values (439). Second, the mean 

value for 5% trimmed was compared with the mean value for the full study 
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population. If the two means are the same values, normality is assumed. Third, 

results from the Kolmogorov-Smirnov statistic were checked for significance. P 

values above 0.05 indicate non-significance and normality is assumed. Fourth, 

distribution of observed values was inspected against the expected value from a 

normal distribution in the Normal Q-Q Plot. A straight line indicates normality. Last, 

the box plot generated from the Explore option was visually checked to ensure 

distribution of observed values was similar at both sides of the middle line (median 

value) in the box. If distribution is not equal, data may be skewed. In this study, if 

data did not meet any one of the assumptions from the five tests above, they were 

considered skewed.  

 

3.5.1.2 Outliers 

Boxplots from the Explore option in SPSS were also checked for outliers. Additional 

circles outside the “whiskers” (the lines protruding out of the box) are outliers. 

Outliers were also visually checked by using the Descriptive and Extreme Value 

tables from the Explore function in SPSS. Cases contributing to outliers were 

individually checked to verify the validity of the data against the raw data and 

corrected where appropriate. They were retained in the dataset. 

 

3.5.1.3 Missing values 

Missing values were checked by running the Descriptive option in SPSS. The 

validity of each missing value was checked against the raw data. Cases with missing 

values were excluded list wise when considering the variables in the CFA and SEM. 
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3.5.2  Descriptive analysis 

Categorical variables, responses to questionnaire items (maternal education level, 

marital status, gross household income level, country of birth, child gender, 

residence, breastfeeding status, maternal feeding self-efficacy, psychological distress, 

child irritability, reactivity, how often offered new foods, frequency offering a new 

food before deciding child does not like it, ease of feeding child, child willingness to 

eat new food, parenting confidence) and frequency and variety of fruits and 

vegetables were reported as frequencies and percentages. Additionally, data were 

also reported as mean (SD) if normally distributed and median with inter-quartile 

range (IQR) if skewed. Figures and charts were generated to visually present results 

from the questionnaire items. 

 

Chi-square tests were performed to examine differences in maternal education level, 

country of birth and child gender between participants and non-participants of the 

study, as well as differences in fruit and vegetable consumption (consume or did not 

consume) when commercial infant products and potatoes were excluded. 

Independent samples t-tests were conducted to examine the differences in normally 

distributed continuous variables (maternal age, birth weight, weight z-score and 

length z-score) between participants and non-participants.  

 

McNemar’s test was conducted to test the difference in consumption status 

(consume/did not consume) for total fruit and vegetable intakes and for each fruit and 

vegetable sub-group between T1 and T2 (repeated measures). Spearman rho was 
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used to examine correlation between frequency and variety of FV intakes while 

Wilcoxon Signed Ranked Test was conducted to test the T1 and T2 differences for 

frequency and variety of FV intakes. 

 

Significance was set at p<0.05. Effect sizes were calculated and reported in this 

thesis to describe the substantiality of observed differences and non-differences:- eta 

square for independent samples t-test, Phi coefficient for 2x2 chi square tables and 

Cramer’s V for larger chi square tables. Using Cohen’s criteria for effect size, phi 

coefficient of 0.10 is considered as small effect, 0.30 as medium effect and 0.50 as 

large effect (440). Interpretation of Cramer’s V is dependent on the number of 

categories in the row and column variables of the chi square table. Interpretation of 

Cramer’s V was based on the criteria outlined by Gravetter and Wallnau 2013, p.615. 

(441).  

 

3.5.3  Internal consistency of measured variables 

Cronbach’s alpha tests were conducted to examine the internal consistencies of the 

items measuring maternal feeding self-efficacy, psychological distress and child 

temperament. Alpha coefficients (α) are reported with values from 0.70 to 0.80 

considered as acceptable and above 0.80 as desirable (439). 
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3.5.4  Structural equation modelling 

Structural equation modelling (SEM) is a technique that combines confirmatory 

factor analysis (CFA) and multiple regression (84) to allow examination of multi-

directional relationships and causal dependencies that exist between variables of 

interest. When CFA is combined with exploratory factor analysis (EFA), it can also 

be used for exploratory purposes. However, the conceptual model tested in this thesis 

is theory driven. Therefore, SEM was used in a confirmatory manner. Any 

modifications to the model were based on theoretical sense rather than the use of 

modification indices, which are discussed further in section 3.5.4.5. 

 

3.5.4.1 Important terminology in SEM 

Discussions of SEM should begin with explanation of terminology used in reporting 

results. Observed variables in SEM are also referred to as measured variables and are 

graphically depicted using squares or rectangles while unobserved variables are also 

referred to as latent variables, and are depicted using circles or ovals (84). Exogenous 

variables (similar to independent variables) are variables that exert influence on other 

variables under study but are not influenced by other variables in the model. 

Endogenous variables (similar to dependent or outcome variables) are influenced by 

exogenous variables and other endogenous variables under study (84). Measurement 

error refers to the discrepancy between a measured value and its true value and is 

depicted as a small circle with an arrow pointing to the measured variable (see Figure 

3.3). Measurement errors can be un-standardised or standardised. Only standardised 

measurement errors are reported in this thesis. Standard estimate or factor loading is 
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r1 

r2 

r3 

the correlation coefficient (r) and shows the strength of the relationship between two 

variables under study.  

 

3.5.4.2 Measurement models 

The two components in SEM are the measurement model and structural model. In 

this thesis, SEM is used as a confirmatory technique which first requires the 

measurement models to be correctly fitted. To construct a measurement model, CFA 

is used to derive the latent variable from observed/measured variables (84). This 

technique is also referred to as ‘latent variable modelling’. Measurement errors are 

accounted for in the construction of latent variables (84). Figure 3.2 shows an 

example of latent variable modelling using the CFA method that forms a 

measurement model for SEM. 

 

 

 

 

 

 

 

*standardised measurement errors 

r factor loadings 

 
Figure 3.2 Example of latent variable modelling with three measured variables 

contributing to the measurement of one latent variable. 

 

 

 

Latent variable 
Measured variable 2 

Measured variable 3 

e2* 

e3* 

Measured variable 1 e1* 
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3.5.4.3 SEM with categorical data 

Categorical and skewed data are not suited for SEM using Amos 19 (442) as it 

assumes normality, linearity and absence of outliers (443). It is a parametric 

technique that uses the Pearson method for correlation and estimation of variances 

(444). When skewed, categorical variables are forced into ‘traditional’ structural 

equation models, a distorted analysis follows (444) which produces biased results in 

terms of model fit, parameter estimates and their associated significance tests (443). 

 

The use of bootstrapping (445) in SPSS Amos may account for some of the errors 

associated with the violation of parametric assumptions. Bootstrapping is a 

resampling method that treats the observed data as an estimate of the population 

(443). It can be used for estimating standard errors, sampling distribution and 

constructing hypothesis tests (445). It is usually used when parametric assumption is 

doubted or not possible but has been criticised as being overly optimistic in its 

estimation of variances (446, 447). 

 

To address the limitations of SPSS Amos, Mplus was used to perform SEM with 

categorical data. SEM using Mplus takes into account that data may not be normally 

distributed. It uses a polychoric correlation matrix (444) rather than a covariance 

matrix as found in SPSS Amos. Put simply, SEM using Mplus assumes that for each 

categorical variable, there is an underlying continuous variable (polychoric 

correlation). It is this underlying continuous variable that is used in the analysis and 

not the observed variable.  Therefore, this technique is also known as “underlying 

response variable approach” (448) and forms the basis for the latent variable 
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modelling for categorical variables. Therefore, SEM using Mplus has the ability to 

estimate threshold measurements that account for the expected value of a latent 

variable (444) as the respondent transitions from one response to another within a 

categorical variable. A variable with N number of categories will have N-1 

thresholds. Therefore, on a five-point rating scale (for example), the first threshold 

represents the expected value at which a respondent is most likely to transition from 

a value of zero to a value of one. The second threshold represents the expected value 

at which a respondent is most likely to transition from a value of one to two. In total, 

a five-point rating scale would have four thresholds. Therefore, thresholds connect 

each observed variable to a latent continuous response variable. 

 

Graphical depiction of SEM uses a single headed arrow to show direction of a 

relationship and a double-headed arrow to show correlation between two variables. 

Figure 3.3 shows an example of a structural equation modelling with one exogenous 

measured variable, three endogenous measured variables and one endogenous latent 

variable. 

 

 

 

 

 

 

 

 

 



  

135 

 

 

 

 

 

 

 

 

            Single directional relationship 

 

            Bi-directional relationship 

 

           Correlational relationship 

 
Figure 3.3 Example of structural equation modelling with four measured variables and 

one latent variable. 

 

 

3.5.4.4 Method for model estimation  

Mplus version 6 offers a number of model estimation methods such as maximum 

likelihood (ML), weighted least square (WLS), weighted least square mean adjusted 

(WLSM) and weighted least square mean and variance adjusted (WLSMV). Model 

estimation using ML assumes normality of distribution and is not a robust method for 

non-parametric estimations for SEM with categorical data (443). Unlike the ML 

method; WLS, WLSM and WLSMV methods use an asymptomatic covariance 

matrix for the estimation of standard estimates and standard errors (443). WLS, 

however, requires an assumption of bivariate normality of the underlying variable 

and like ML, requires a large sample size due to its computational demands (443).  

Both the WLSM and WLSMV address this problem and thus avoid the necessity for 

Measured variable 1 

Latent variable 

Measured variable 2 

Measured variable 3 Measured variable 4 
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a large sample size, a characteristic ideal for this thesis with a sample size of 277 at 

Time 1. WLSMV, however, differs from WLSM in that the 2 is both mean and 

variance adjusted (443). Therefore, WLSMV was selected as the method for model 

estimation. 

 

3.5.4.5 Model fit indices 

Model fit indices provide a standard for comparing the observed model against the 

hypothetical and/or null model as a basis for rejecting or accepting the observed 

model. Depending on its type, model fit indices can be sensitive to sample size, 

model estimation method and model specification (449). There is currently no 

consensus on which model fit index is preferred although 2 (chi-square), Tucker-

Lewis Index (TLI) and Comparative Fit Index (CFI) are popularly reported in studies 

using SEM (84).  

 

The chi-square (2) statistic is a conventional overall test of fit that assesses the 

extent of discrepancy between the sample and fitted covariance matrices (450). It is a 

dichotomous decision strategy (absolute fit index) where a model with a small 2 

value is a better fitting model than one producing a larger 2 value. The degree of 

sensitivity of the 2 statistic depends on the distributional assumptions (450). Chi-

square test generated from the ML method assumed multivariate normality of 

variables and is therefore unsuited for assessing model fit of a non-parametric model. 

The 2 values generated from the WLSMV method cannot be used as they are 

because the difference in 2 values for two nested models using the WLSMV chi-
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square values in not distributed as 2 (451). A two- step procedure was required to 

obtain the correct 2 difference test where the null model (H0) is compared against a 

less restrictive alternative model (Ha) (451). To achieve this, the DIFFTEST of the 

ANALYSIS command and SAVEDATA options were used in Mplus. An example of 

the Mplus syntax for this is provided in Appendix 3. Another weakness of the 2 

statistic is its dependence on sample size where even the smallest of discrepancies 

can lead to rejection of an otherwise acceptable model in large samples (452, 453). 

The effect of sample size in 2 statistic is even more pronounced when complex 

models were considered (452). 

 

Two more examples of commonly used absolute fit indices are the Root Mean 

Square Error of Approximation (RMSEA) and the Weighted Root Mean Square 

Residual (WRMR). RMSEA is a population-based index that measures the 

discrepancy between the hypothesised model and the observed data while taking into 

account the number of free parameters in the model (454). The attractiveness of the 

RMSEA compared to the 2 statistic is its association with the non-central 2 

distribution (455). However, Mplus output does not provide confidence intervals to 

assess precision of RMSEA values. Therefore, RMSEA values are reported without 

confidence intervals in this thesis. Similar to the RMSEA, the WRMR is an absolute 

fit index calculated from difference between predicted and observed values. 

However, WRMR differs from RMSEA in that WRMR reflects the difference 

between predicted and observed variances and co-variances in the model, based on 

weighted residuals. Therefore, the smaller the WRMR value (the smaller the 

difference), the better the model fit.  
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Absolute fit indices such as chi-square statistics, RMSEA and WRMR have been 

criticised as being sensitive to sample size and distributional misspecification, 

lending voice to an alternate group of fit indices that rely on proportionate 

improvement in fit by comparing a target model against a more restricted, nested 

baseline model (456). This group of fit indices are known as incremental fit indices 

and consists of the Normed Fit Index (NFI), Incremental Fit Index (IFI), Tucker-

Lewis Index (TLI), Comparative Fit Index (CFI) and Relative Non-centrality Fit 

Index (RNI), to name a few. Amongst these, the TLI (also known as Non-normed Fit 

Index, NNFI) and CFI (also known as Bentler’s Fit Index) have gained popularity of 

use since their introduction by Tucker & Lewis in 1973 (457) and Bentler in 1989 

(458), respectively.  

 

The TLI is derived by comparing a hypothesised model with a correctly defined null 

model. The higher the TLI value, the better the model fit with the value of one 

indicating perfect fit. TLI is particularly useful in testing nested models because it 

adjusts for model complexity while taking into account parsimony and goodness of 

fit (459).  

 

The CFI compares the predicted covariance matrix against the observed co-variance 

matrix to determine the proportion of lack of fit which was addressed when moving 

from the null model to the hypothesised model. Like TLI, the CFI values ranged 

from zero to one with values closer to one indicating good fit. For example, a CFI 

value of 0.95 indicates that 95 per cent of the co-variation in the data can be 

explained by the hypothesised model. 
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All the model fit indices available from the MPlus version 6 (460) output, namely 2, 

TLI, CFI, RMSEA and WRMR are reported in this thesis. Models are considered 

well fitted if the ratio of 2 to degrees of freedom (df) is <2, TLI ≥ 0.95, CFI ≥ 0.95, 

RMSEA < 0.06 to 0.08 and WRMR <0.90 (84).  

 

3.5.4.6 Modification indices  

Model modifications to the hypothesised model can be made after examination of the 

standardised estimates and model fit indices (MI) to produce a better fitting or 

parsimonious model through various modification tests such as chi-square, Wald and 

Lagrange (84). As the models tested in this thesis are theory-driven (confirmatory), 

modifications made to the hypothesised models were based on theoretical sense and 

not because analyses from modification tests indicated addition or subtraction of a 

variable from the model would improve the fit of the model. The rationale for 

modifications made to the measurement models and hypothetical models are 

discussed in chapters 6 and 7. 

 

3.5.4.7 Method for parameterisation  

There are two methods for parameterisation available in Mplus version 6 (460); delta 

parameterisation and theta parameterisation. Delta parameterisation is the default 

option in Mplus because it has been found to perform better in many situations (451). 

In delta parameterisation, threshold values are used as parameters in the model 

estimation while theta parameterisation uses the residual variances for the underlying 
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continuous latent variable as parameters in the model estimation. Delta 

parameterisation was used for the measurement models. However, for the structural 

equation models, theta parameterisation was used because the models imposed 

improper parameter constraints with delta parameterisation. Theta parameterisation is 

preferred when a categorical dependent variable is both influenced by and influences 

either another observed categorical dependent variable or a latent variable (451); 

which applies to the SEM model proposed in this thesis. 

 

3.5.5  Summary of statistical tests 

Statistical tests were selected after consideration of the thesis aims and data 

distribution. To summarise, table 3.9 shows the variables reported and their 

corresponding type of statistical analyses conducted. Effect sizes were obtained from 

SPSS outputs where possible or calculated (for Wilcoxon Signed Rank Test and 

Independent samples t-test).  
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Table 3.9 Summary of variables and their corresponding type of analysis. 
Type of statistical analysis Effect size¶ Variables involved 

Frequency - Breastfeeding status, residence 

 

Frequency and chi-square test 

(2)  

2: Phi coefficient (ф) Fruit consumption status (with and without commercial food products, at least once, all three days), Vegetable 

consumption status (with and without commercial food products, with and without potatoes, at least once, all 

three days) 

 

Frequency and SEMa - Maternal level of education, marital status, country of birth, gross family income, child gender, how often 

offered new foods, frequency offering a new food before deciding child does not like it, ease of feeding child, 

child willingness to eat new food, parenting confidence. 

Frequency and median (IQRb) - Frequency and variety of fruit intake, frequency and variety of vegetable intake. 

 

Frequency, median (IQR), 

CFAc and SEMa 

- Maternal feeding self-efficacy, psychological distress, child irritability, reactivity. 

 

Mean (SDd)  - Child age, weight z-score, length z-score. 

 

Mean (SDd) and SEMa - Maternal age, total number of children, age of introduction of solids. 

 

Independent samples t-test (t) η2= t2/t2 + (n1 + n2 -2) Maternal age, child weight z-score*, length z-score*: participants versus non-participants 

 

Chi-square test (2) Phi coefficient (ф) (2x2 

table); Cramer’s V (V) 

Maternal level of education, marital status, country of birth, gross family income*, child gender: participants 

versus non-participants 

 

Wilcoxon Signed Rank Test 

(z) and Spearman’s Rho (rs) 

Wilcoxon Signed Rank 

Test: r = z/ n2 

Fruit and vegetable intakes (frequency, variety and amount) 

 

McNemar’s Test (2) Phi coefficient (ф) Fruit and vegetable intakes (total): consumers versus non-consumers between Time 1 and Time 2 
¶from SPSS Survival Manual (440), r or η2 = effect size = effect size, n= number of cases, ; aStructural Equation Modelling; bInter-quartile Range; cConfirmatory Factor Analysis; dStandard 

Deviation; *Time 2 only. 
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CHAPTER FOUR: THE STUDY’S COHORT 

 

In this chapter, study response rates, demographic characteristics and feeding 

practices of the study cohort are described and discussed.  

 

4.1  RESPONSE RATES 
 

Figure 4.1 summarises participation rates from recruitment to T2 of this study. Of the 

1119 eligible mother-child dyads that were approached, 796 mother-child dyads 

expressed interest in the SAIDI study and gave consent for study staff to contact 

them when their child was turning 6 months old. Three hundred and three (38.1% 

consent rate, 27.1% of eligible dyads) gave consent to participate in the study when 

contacted at this point. Of those who did not consent, 342 of them provided reasons 

(Table 4.1). The main reasons for declining participation were time and other 

commitments (n=145), and returning to work (n=55).  
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At around 6 months postnatal  

n=37 

withdrawn 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1 Flow diagram showing participation rates from recruitment to Time 2 of 

this study. 

At the end of recruitment 

Time 1 (T1) of this study 

n= 1119 eligible mother-child dyads approached 

n= 796 consented to further 

contact 

n= 303 consented to 

participate in the study 

n= 277 with complete data for this study 

n= 287 completed 

T1 questionnaire 

n= 291 completed 

24-hour diet recall 

n= 225 completed 

T1 questionnaire 

n= 240 completed 

24-hour dietary 

recall 

n= 226 completed 

2x food records 

n= 287 completed 

2x food records 

n= 208 with complete data for this study 

Time 2 (T2) of this study 

n= 323 did not consent to 

further contact 

n= 493 did not consent to 

participate in the study 
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Table 4.1 Reasons for not participating in the study (n=342). 
Reason n(%) 

Time and other family commitments 145(42.3) 

Mother return to work 55(16.1) 

Going away/Not available to attend assessments 35(10.2) 

No transport to attend assessments 31(9.1) 

No longer interested in study 31(9.1) 

Family/Child’s poor health 13(3.8) 

Mother’s own poor health 9(2.6) 

Moving inter-state or to another country 8(2.3) 

Do not need advice on feeding 6(1.8) 

Participation in other early feeding studies 4(1.2) 

No support from partner to participate in the study 2(0.6) 

Legal issues concerning guardianship of child 2(0.6) 

Poor English 1(0.3) 

 

Thirty-seven participants withdrew from the study at T2; a retention rate of 86.6%. 

For the purpose of this thesis, only mothers who provided complete data for dietary 

intake (24-hours dietary recall and 2 x food records) and questionnaire items are 

included. A total of 32 participants were excluded from the study at T2 because of 

incomplete data leaving 208 participants at T2. Therefore, the final participation 

figures for this study were 277 and 208 mother-child dyads at T1 and T2 

respectively, equating to 91.4% (T1) and 68.6% (T2) of those consenting to SAIDI 

study participation. 

 

4.2  PARTICIPANT CHARACTERISTICS 

4.2.1  Socio-demographic 

Participant characteristics and differences between the characteristics of participants 

and non-participants at T1 of the study are detailed in Table 4.2. Of the 1119 eligible 

dyads approached, 105 of the 816 non-participants did not provide complete socio-

demographic data. They are excluded from analysis. Therefore, the total number of 

non-participants with complete data is 711.  
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The mean (SD) age of participating mothers at the time of child’s birth was 32 (5.2) 

year.  A majority of mothers who consented had qualifications beyond Year 12 

education (n=201, 72.6%), had a gross household income above $961 per week 

(n=194, 69.8%), were partnered (n=266, 96.0%), were born in Australia (n=245, 

88.4%), had no more than 2 children at the time of the study (n= 204, 73.7%) and 

lived in metropolitan Adelaide (n=182, 65.7%). Mothers who participated in this 

study are also significantly older (p<0.001, η2= 0.08) and higher educated (p<0.001, 

Cramer’s V= 0.30) than mothers who declined to be in the study.  

 

At T2, there was a significantly higher proportion (p=0.02) of mothers aged ≥ 25 

years old (n=197, 94.7%) continuing in the study versus mothers who withdrew from 

the study (n=55, 79.6%). However, the effect size of this difference is small 

(η2=0.02). No other socio-demographic differences were found at T2. 
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Table 4.2 The differences in socio-demographic characteristics between participants 

(n=277) and non-participants (n=711§) at Time 1 of the study. 

Characteristics Participants Non-

participants€ 

p 

valuea 

Effect sizeb 

n (%) n (%) 

Maternal characteristics 

Age (years) 

18-24 

25-30 

31-35 

36-40 

>40 

 

[Mean ± SD] 

 

19  (6.9) 

83(30.0) 

98(35.3) 

63(22.7) 

14  (5.1) 

 

[32.0 ± 5.2] 

 

 

190 (26.7) 

252 (35.4) 

168 (23.6) 

84 (11.8) 

17 (2.4) 

 

[28.4 ± 5.7] 

 

 

 

 

 

 

 

<0.001 

 

 

 

 

 

 

 

0.08 

Education level 

< Year 10 

Year 10/11 

Year 12 

Trade/Apprenticeship 

TAFE 

University 

 

 

2 (0.7) 

31 (11.2) 

43  (15.5) 

9  (3.3) 

90 (32.5) 

102(36.8) 

 

39 (5.5) 

218 (30.7) 

157 (22.1) 

18 (2.5) 

152 (21.4) 

127 (17.8) 

 

<0.001 

 

 

 

 

 

 

 

0.30 

Gross household income (per 

week)c, d 

$ 0-385  

$ 386-673  

$ 674-961  

$ 962-1346  

$ 1347-1923  

> $ 1923 per week 

 

 

 

9 (3.2) 

23 (8.3) 

44 (15.8) 

65 (23.4) 

81 (29.1) 

48 (17.3) 

 

 

- 

- 

- 

- 

- 

- 

 

 

- 

 

 

- 

Marital status¶ 

Partnered 

Not partnered 

 

 

266 (96.0) 

11 (4.0) 

 

604 (85.0) 

107 (15.0) 

 

<0.001 

 

0.16 

Country of birth 

Australia 

Others* 

 

245 (88.4) 

32 (11.6) 

 

625 (87.9) 

86 (12.1) 

 

 

0.48 

 

0.05 

Total number of children** 

1-2 

3-4 

>4 

[Mean ± SD] 

 

204 (73.7) 

69 (24.9) 

4 (1.4) 

[2.0± 0.9] 

 

 

491 (69.0) 

189 (26.6) 

31 (4.4) 

[2.2±1.1] 

 

 

 

 

0.01 

 

 

 

 

0.01 

Region of residence 

Metropolitan 

Regional 

 

182 (65.7) 

95 (34.3) 

 

 

509 (71.6) 

202 (28.4) 

 

0.04 

 

-0.06 
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Table 4.2 continued. 
Characteristics Participants Non-

participants€ 

p 

valuea 

Effect sizeb 

n (%) n (%) 

Child characteristics 

Gender 

Male 

Female 

 

127 (45.8) 

150 (54.2) 

 

330 (46.4) 

381 (53.6) 

 

 

0.77 

 

-0.01 

Gestation age (weeks) 

37-40 

>40 

[Mean ± SD] 

 

238 (85.9) 

39 (14.1) 

[39.3 ±1.2] 

 

641 (90.2) 

70 (9.8) 

[39.1±1.1] 

 

 

 

0.97 

 

 

 

<0.001 

 

Birth weight (kg) 

2.5-3.0 

>3.0-3.5 

>3.5-4.0 

>4.0-4.5 

>4.5 

[Mean ± SD] 

 

30 (10.8) 

101 (36.5) 

97 (35.0) 

40 (14.4) 

9 (3.2) 

[3.57 ±0.46] 

 

109 (15.3) 

296 (41.6) 

220 (30.9) 

79 (11.1) 

7 (1.0) 

[3.45 ± 0.44] 

 

 

 

 

 

 

<0.001 

 

 

 

 

 

 

0.01 
§ number of non-participants providing complete socio-demographic data 
€ refers to eligible mother-child dyads that did not participate in the study 
a p value derived from independent samples t-test (for continuous data) and chi square test (for 

categorical data) 
b effect size: eta square (η2) calculated for independent samples t-test, Phi coefficient for 2x2 chi 

square table and Cramer’s V for larger chi square tables 
c no data collected from non-participants 
d contains missing data 
¶Partnered: married/defacto; Not partnered: single/divorced/separated/widowed 

* includes participants born in UK, Europe, US, China, Japan, Southeast Asian countries and Africa 

** study child included. 

 

 

The mean (SD) age of children at T1 was 6.2 (0.8) months and 14.1 (0.9) months at 

T2. Figure 4.2 shows the distribution of age of children (by months) at T1 and T2. 

Age ranged from 4.7 to 9 months at T1 and from 11.8 to 18 months at T2.  At T1, 

nineteen children (6.9%) were aged between 7 to 9 months while only three were 

aged 4.7 months (1.1%). At T2, fourteen children (6.7%) were aged between 16 to 18 

months while only four children (2.0%) were aged 11.8 months. Mean (SD) z-scores 

for children’s weight and length at T1 were 0.1 (1.1) and 0.2 (1.4) respectively while 

mean (SD) z-scores for children weight and length at T2 were 0.4 (0.9) and 0.2 (1.2) 

respectively.  



  

148 

 

  

*SD = standard deviation 

Figure 4.2 Distribution of child age at Time 1 (n=277) and Time 2 (n=208).

Mean = 6.2 
SD* = 0.7 

n=277 

Mean = 14.1 
SD* = 0.9 

n=208 

Child age at Time 1 (months) 
Child age at Time 2 (months) 
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10 

20 
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50 
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4.2.2  Feeding practices 

At T1, 72% (n=199) of the children were still being breastfed. This proportion 

decreased to 26% (n=55) at T2. Mean (SD) for breastfeeding duration reported by 

mothers at T2 was 21.1 (9.8) weeks. The mean age at which children were 

introduced to solids was 21.0 (3.8) weeks with 238 (86%) between 17 and 26 weeks, 

31 (11.2%) before 17 weeks and 8 (2.8%) after 26 weeks.  

 

4.2.3 Child exposure to novel foods, feeding behaviour and parenting 

confidence 

Table 4.3 below shows the number and proportion of maternal responses to the 

variables measuring how often mothers offered new foods, how many times mothers 

offered a new food before deciding child dislike it, child how willing to eat new 

foods, how easy to feed child compared with other children of same age and 

parenting confidence. Most mothers reported that they offered new foods to their 

children often to very often (T1: 69.3%, T2: 70.7%), have children who were willing 

to very willing to eat new foods (T1: 78.3%, T2: 83.1%), perceived their children to 

be easy to very easy to feed (T1: 84.1%, T2: 85.1%) and felt that they were better 

than average to very good parents (T1: 73.6%, T2: 70.2%). At T1, most mothers in 

this study offered a new food two to five times before deciding their children disliked 

the food (63.2%). The frequency of repeated exposures of a novel food increased at 

T2 with most mothers offering a new food at least six times before deciding that their 

children did not like the food (91.3%). 
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Table 4.3 Number and proportion of responses to variables measuring child exposure 

to novel foods, feeding behaviour and parenting confidence at Time 1 (n=277) and Time 

2 (n=208). 
Measure: n (%): 

Time 1 Time 2 

How often offer new foods: 

Never 

Almost never 

Sometimes 

Often 

Very often 

 

2 (0.7) 

3 (1.1) 

80 (28.9) 

127 (45.8) 

65 (23.5) 

 

0 (0.0) 

1 (0.5) 

60 (28.8) 

111 (53.4) 

36 (17.3) 

How many times offer a new food before deciding child does not like it: 

Once 

2-5 times 

6-10 times 

11-15 times 

≥16 times 

 

12 (4.3) 

175 (63.2) 

67 (24.2) 

13 (4.7) 

10 (3.6) 

 

4 (2.0) 

14 (6.7) 

104 (50.0) 

61 (29.3) 

25 (12.0) 

Child how willing to feed new foods: 

Very unwilling 

Unwilling 

Neutral 

Willing 

Very willing 

 

1 (0.4) 

7 (2.5) 

52 (18.8) 

89 (32.1) 

128 (46.2) 

 

1 (0.5) 

7 (3.4) 

27 (13.0) 

100 (48.1) 

73 (35.0) 

Child easy to feed compared to other child of same age: 

Strongly disagree 

Disagree 

Agree 

Strongly agree 

 

3 (1.1) 

41(14.8) 

135 (48.8) 

98 (35.3) 

 

3 (1.4) 

28 (13.5) 

91 (43.8) 

86 (41.3) 

“Overall, as a parent, do you feel you are…..” 

Not very good 

A person who has some trouble 

Average 

Better than average 

Very good 

 

0 (0.0) 

3 (1.1) 

70 (25.3) 

106 (38.3) 

98 (35.3) 

 

0 (0.0) 

5 (2.4) 

57 (27.4) 

80 (38.5) 

66 (31.7) 
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4.4  DISCUSSION 
 

Comparisons of the socio-demographic characteristics of the study cohort against the 

state and national populations (Table 4.3) revealed that the mothers in this study 

were slightly older, more highly educated and Australian born. The proportion of 

mothers in this study born in countries where English is not the first language is very 

low (n=11 ,0.04%), compared with the state and national proportions of households 

where two or more languages are spoken (14.1% and 20.4% respectively) (461). The 

greater proportion of mothers with post-school education, speak English as their first 

language and are Australian born can be attributed to the study’s requirements that 

mothers must be able to speak and write fluently in English in order to complete all 

of the study’s assessment criteria.  

 

There were slightly more female children enrolled in this study (n=148, 53.2%) than 

males (n=126, 45.3%), which is contrary to the slightly higher male to female ratio 

(1.1:1.0) of babies born in South Australia and Australia in the similar time period 

(462). Children’s mean (SD) birth weight was 3.57 (0.46) kg, a slightly higher mean 

compared with the mean birth weight of children from the state and national 

populations (463). The exclusion of children with birth weight under 2500g in this 

study explains this difference. Further demographic comparisons of this study’s 

cohort against state and national populations can be found in Table 4.4. State and 

national statistics were obtained from census statistics available through the 

Australian Bureau of Statistics (ABS) between year 2008 to 2009 (study period) 

(461, 463-467) while South Australian child weight statistic was obtained from the 

South Australian perinatal statistics reported in the same period of time (462). 
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Table 4.4 Comparisons of socio-demographic characteristics of study participants 

against state and national populations 

Characteristic Study cohort South Australia Australia 
Maternal age Mean age= 32 years Median child-bearing 

age = 30.3 yearsa 

Median child-bearing 

age = 30.7 yearsb 

 

Maternal education 

level 

(Post-high school 

qualifications) 

 

72.7% 24.4% c 24.1% c 

 

Mother’s country of 

birth 

(Australian born) 

87.1% 74.9% of census 

populationd, 84.1% of 

mothers g 

 

76% of the census 

population b, 72.8% 

mothers g 

 

Mother’s marital status 

(Married/Partnered) 

75.2%  51% of census 

population c 

 

68% of motherse 

 

Gross household 

income 

>$961 per week 

(n=194, 69.8%) 

Median = $905 per 

weekb 

Median = $1040 per 

weekb 

 

Total number of 

children* 

70.1% have 1-2 

children 

Fertility rate of 1.92 

children per womana 

Fertility rate of 1.97 

children per womanf 

 

Region of residence 

(Metropolitan 

residence) 

 

64.4%  72.7% c 68.4% b 

 

Child gender 46% males and 53% 

females (0.9:1.0) 

52% males and 48% 

females (1.1:1.0)g 

51.4% males and 

48.5% females 

(1.1:1.0)g 

 

Mean child birth 

weight 

3.57kg 3.34kgg 3.37kge 

sources: aABS catalogue 1345.4 (464); bABS catalogue1301.0 (465); cABS Quickstats 2011(461); 
dABS catalogue 2030.4 (466); eABS catalogue 4102.0 (463); fABS catalogue 3301.0 (467), gLi Z et al 

2011(462) 

*includes study child 

 

 

The proportions of children still being breastfed at T1 and T2 of this study are higher 

compared with the proportion of children still being breastfed at 6 months  and 13-18 

months in the 2010 Australian National Infant Feeding survey (60.1% and 18.2% 

respectively) and in other studies and national surveys (468-473). However, caution 

is required in interpreting this as there are younger children included in this study at 

T1 (4.7 to 9 months) and T2 (11.8 to 18 months) that may have contributed to the 

differences. 
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In Australia, mothers are recommended to breastfeed “..until 12 months of age and 

beyond, for as long as the mother and child desire.” (106, 474). Sustained 

breastfeeding beyond 12 months is more common in developing countries such as 

sub-Saharan Africa, Asia and South America where around 40% to 63% of children 

who were breastfed as infants were still breastfeeding at 2 years of age (475). 

However, breastfeeding beyond 12 months is not as commonly practiced in 

developed countries such as Australia due to the social stigma attached to 

breastfeeding an older child (475, 476).  

 

Exploration of social attitudes of health workers and opinions of breastfeeding 

mothers in developed countries concluded that social stigmatisation increased 

dramatically with the increase of child age (477) and that mothers needed to be 

extremely determined and confident in weathering the challenges of breastfeeding in 

the face of social marginalisation in order to successfully continue to breastfeed an 

older child (478). Despite growing evidence showing health benefits to both the 

mother and child when breastfeeding is continued beyond 6 months (475), there is 

limited evidence to support health benefits of sustained breastfeeding in developed 

countries; most likely because of the shorter durations of breastfeeding reported 

(468-473) limiting the ability of researchers to determine the long-term health effects 

of sustained breastfeeding in developed nations.  

 

Globally, there are some variations in the guidelines on complementary feeding 

ranging from introduction of solids at 4 to 6 months (479), at 6 months of age (480) 

to at around 6 months of age (481, 482). In Australia, past and current guidelines 



  

154 

 

consistently recommend that solid foods should be introduced at around 6 months of 

age (474, 482). A majority of mothers in this study (86%) introduced solids to their 

children between 17 and 26 weeks (4 to 6 months) with 11.2% introduced solids 

earlier than 4 months and 2.8% after 6 months of age. Children in this study were 

also of similar age when solids were introduced (mean age= 21 weeks or 4.9 months) 

as the cohort in the 2010 Australian National Infant Feeding survey (median age = 

4.7 months) (472). Younger mothers, mothers speaking languages other than English 

and being less educated are known risk factors associated with introduction of solids 

before 4 months of age (472, 483-485). Therefore, the high proportion of mothers 

introducing solids between 4 to 6 months observed in this study is expected given 

that a majority of mothers in this study were older, English speaking and highly 

educated 

 

Most mothers in this study reported that they are confident parents and had positive 

views regarding their children’s feeding behaviours. This may be due to two reasons: 

over- reporting of positive behaviours and perceptions due to the voluntary and self-

reporting nature of this study, and systematic bias in the responses provided due to 

the recruitment criteria where only healthy mother-child dyads were recruited into 

this study. Positivity or social desirable response bias is common in studies relying 

on self-report measures, especially in questions containing socially sensitive items 

(eg: self-report of confidence as a parent) (486). For instance, in a study comparing 

parental and child self-reports of child temperament in children aged 4 to 11 years, 

Lagutta and colleagues concluded that parents significantly underestimated their 

children’s worry and anxiety, and significantly overestimated their children’s 
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feelings of optimism (487). Clearly, positivity bias cannot be overlooked in the 

interpretation of self-report data from parents.  

 

The analysis from the repeated exposure variable (“how frequent offer a new food 

before deciding child does not like it”) reveals some interesting results. Despite the 

established role of repeated exposures in promoting food acceptance in children (35), 

a majority of the mothers in this study only offered a novel food between two to five 

times at T1 before deciding their children do not like it. Moreover, nine mothers 

reported that they only offered novel food once before deciding their children did not 

like the food. These results, however, are consistent with evidence from the literature 

where mothers were generally found to offer novel foods a limited amount of times 

(around five times) before deciding their children do not like the food (35).  

 

At T2, however, most mothers in this study reported that they offered a new food at 

least six times before deciding their children do not like it. The reason for this change 

is unclear. It may be due to the change in the quality of mother-child interaction or 

the change in parenting style associated with parenting an older child or reporting 

bias.  
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4.5  CONCLUSION 
 

Around a third of mothers approached for the study consented to participate and of 

these 86.6% remained in this study at T2. The mothers in this study are older, mostly 

Australian born and characterised by high levels of education. This limits the 

generalisability of findings in this study. Other socio-economic indicators such as 

level of household income and total number of children were comparable to state and 

national census data. A majority of mothers in this study stopped breastfeeding 

before 12 months and most children were introduced to solids between 17 to 26 

weeks of age. Most mothers reported that they are confident parents and have 

positive perceptions of their children’s feeding behaviour. Despite the homogeneity 

of findings due to recruitment bias, there are many strengths to the sample including 

the contemporaneous data collection method which reduces recall bias, captures the 

current socioeconomic situations and feeding practices of the participants, and the 

low attrition rate between T1 and T2. 
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CHAPTER FIVE: FRUIT AND VEGETABLE INTAKES 

 

This chapter describes maternal and child fruit and vegetable intakes and the trend of 

child intakes between Time 1 and Time 2. Child intakes are discussed in reference to 

guidelines and published literature. 

 

5.1  FRUIT INTAKE 

5.1.1  Maternal intake 

Figure 5.1 shows the proportion of fruit consumers according to the category of 

serves of fruit consumed at T1 and T2. Almost half the mothers reported consuming 

1 serve of fruit per day at T1 (49.5%, n=137) and T2 (46.2%, n=96). Around 42% 

(n=116) at T1 and 48% (n=99) at T2 consumed ≥2 serves of fruits/day. There were 

also 24 (8.7%) mothers who reported not consuming any fruit at T1. This number 

decreased to 12 at T2 (5.8%).  
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*1 serve of fruit = 150g fresh fruit or 125ml 100% fruit juice or 30g dried fruit (114). 
 

Figure 5.1 Maternal consumption of fruit. 

 

 

5.1.2  Child intake 

5.1.2.1 Proportion of fruit consumers, grams and serves consumed  

Table 5.1 reports the proportion of fruit consumers and the amount of fruit consumed 

at T1 and T2. A majority of children consumed fruit at least once in the three days of 

dietary assessment at T1 (n=240, 86.6%). This proportion increased to 88.9% 

(n=185) at T2 but the increase was not statistically significant (2= 1.2, p =0.27, ф= 

0.08). In the three days of intake, 181 (65.3%) at T1 and 115 (55.3%) at T2 

consumed fruit every day. This decrease was not significant (2 = 2.9, p=0.10, ф = 

0.12). Thus, the proportion of fruit consumers (consumed at least once and consumed 

all 3 days) tracked between T1 and T2.   

 

Number of fruit serve(s)* consumed per day 

 

 

Time 1 (n=277) 

Time 2 (n=208) 
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Between T1 and T2, the amount of fruit consumed per day increased (Table 5.1). 

This increase although significant (z=2.27, p<0.05), has a small effect size (r=0.16). 

When commercial infant fruit products (commercial fruit, commercial mixed fruit 

and commercial infant fruit dishes) were excluded from the fruit group, the number 

of children consuming fruit at least once in the 3 days significantly decreased 

(χ2=29.3, p<0.001, ф= 0.34) at T1 and at T2 (χ2 =9.0, p<0.01, ф= 0.22). The total 

amount of fruit consumed also decreased (Table 5.1).  Additionally, consumers of 

infant fruit products consumed significantly more fruit than non-consumers of infant 

fruit products at T1 (z=9.96, p<0.001, r=0.60, n=54) and T2 (z=1.84, p<0.05, r=0.13, 

n=6). 

 

Table 5.1 Proportion of fruit consumers, grams and servesb of fruit consumed at Time 1 

(n=277) and Time 2 (n=208) from three days of intake. 

Fruit intake n(%)a Amount consumed per day 

(g) 

Serveb per day  

Time 1 Time 2 Time 1 

Median 

(IQR†) 

Time 2 

Median 

(IQR†) 

Time 1 

Median 

(IQR†) 

Time 2 

Median 

(IQR†) 

Total 240 

(86.6) 

185 

(88.9) 

56 (16:140) 104 (38:163) 

 

2.8 

(0.8:7.0) 

0.7 

(0.3:1.1) 

Without 

commercial infant 

fruit products 

186 

(67.1) 

179 

(86.1) 

41 (13:96) 81 (21:153) 2.1 

(0.6:4.8) 

0.5 

(0.1:1.0) 

a consumed fruit at least once; b1 serve of fruit = 20g for T1 and 150g for T2 (9); †inter-quartile range.  

 

 

 Figure 5.2 shows the proportion of children by serves of fruit consumed per day (as 

mean of three days) at T1 and T2. At T1 and T2, a majority of children consumed at 

least 0.5 serve of fruit per day.  
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*as mean of 3 days, 1 serve of fruit = 20g for T1 and 150g for T2 (9). 

 

Figure 5.2 Proportion of children by serve of fruit consumed. 

 

5.1.2.2 Type of fruits consumed 

Table 5.2 shows the number of consumers of each type of fruit at T1 and T2. The 

three most popular fruits at T1 were apple, banana and commercially prepared mixed 

fruits marketed for infants. Banana and apple continue to be popular at T2. 

Proportions consuming other fresh fruits such as grapes and melons increased 

between T1 and T2 while proportions consuming commercial infant fruit mixtures 

and single fruit purees decreased. At T2, a greater proportion of children consumed 

dried fruits, mostly as sultanas (88%, n=51).  
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Table 5.2 Proportion of fruit consumers by type of fruit/fruit group at Time 1(n=240) 

and Time 2(n=185). 

Fruit/fruit sub-group n(%) 

Time 1 Time 2 

Banana 101(42.2) 142(76.8) 

Apple 108(45.0) 60(32.4) 

Pear 82(34.2) 43(23.2) 

Commercial infant mixed fruits€ 83(34.6) 30(16.2) 

Commercial infant fruit¶ 58(24.2) 7 (3.8) 

Stone fruitsж 20(8.3) 46(24.9) 

Berries 14(5.8) 47(25.4) 

Mixed fruits† 13(5.4) 10(5.4) 

Commercial infant fruit dishes‡ 8 (3.3) 25(13.5) 

Melons 6 (2.5) 60(32.4)a 

Citrus fruits 5 (2.1) 16(8.6) 

Kiwi fruit 3 (1.3) 18(9.7) 

Mango 3 (1.3) 9(4.9) 

Grapes 2 (0.8) 68(36.8) 

Rhubarb 2 (0.8) 4(2.1) 

Paw paw 1 (0.4) 0 (0.0) 

Dried fruits 1 (0.4) 58(31.4)b 

Homemade fruit dishes§ 3 (1.3) 0 (0.0) 
a n= 46 (76.6%) consumed watermelon and n= 14 (23.3%) consumed rockmelon. 
b n=51 (87.9%) consumed sultana. 
€Commercially prepared food products for infants and/or toddlers consist of mixtures of fruits only, eg: pureed 

pear and apple. 
¶Commercially prepared food products for infants and/or toddlers consist of single fruit; eg: pureed apple. 
ж Consists of apricot, peach, cherry, prune, plum, nectarine. 
†Homemade mixtures of more than 1 fresh fruit, eg: fruit salad, homemade apple and pear puree. 
‡Commercially prepared dishes for infants and/or toddlers where fruit is the main ingredient, eg: apple and 

blueberry muesli; pumpkin, apple and sweet corn (where apple makes up 65% of the ingredient). 
§Homemade dishes where fruit is the main ingredient 

 

5.1.2.3 Frequency and variety of fruit intake  

Table 5.3 summarises the frequency and variety of fruit intake across three days at 

T1 and T2. In the three days of assessment, fruit was consumed for a median (IQR) 

of 4 (2:6) occasions at T1 and 5 (2:9) occasions at T2, that is median (IQR) of 1.3 

(0.3:2.3) occasions per day at T1 and 1.7 (0.7:2.9) occasions per day at T2.  

 

Median (IQR) variety of intake over three days was 2(1:3) at T1 and 3 (1:4) at T2 

(out of 18 sub-groups). At T1, most children consumed between 1 to 2 sub-groups of 
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fruit (n=144, 60.0%) while at T2, most children consumed three or more sub-groups 

of fruit (n=130, 70.3%) across three days of intake. 

 

Table 5.3 Frequency and variety of fruit intake amongst fruit consumers at T1 (n=240) 

and T2 (n=185) across the three days of intake. 

Fruit intake n (%) Median (IQR*) 

T1 T2 T1 T2 

Frequencya   4 (2:6) 5 (2:9) 

   1 39(16.3) 10(5.4)   

   2-5 108(45.0) 77(41.6)   

   6-10 77(32.1) 69(37.3)   

   ≥11 16(6.6) 29(15.7) 

 

  

Varietyb   2 (1:3) 3 (1:4) 

   1 74(30.8) 20(10.8)   

   2 70(29.2) 35(19.0)   

   3 49(20.4) 55(29.7)   

   ≥4 47(19.6) 75(40.5)   

*inter-quartile range 
anumber of occasions fruit was consumed 
bnumber of different sub-groups of fruit consumed. See Table 5.2 for the 18 sub-groups. 

 

 

 

The distribution of frequency of fruit consumption against variety of fruit 

consumption has a non-linear and monotonic relationship at both time points as 

shown in Figures 5.3 and 5.4. This allows for Spearman rho correlation which shows 

that frequency and variety of fruit consumption were strongly correlated at T1 (rs= 

0.87, p<0.001) and T2 (rs=0.88, p<0.001). 
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Figure 5.3 Distribution of frequency of fruit intake against variety of fruit intake from 

3 days of intake at Time 1 (n=277). 

 

 

Figure 5.4 Distribution of frequency of fruit intake against variety of fruit intake from 

3 days of intake at Time 2 (n=208). 
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Table 5.4 shows the difference between the frequency and variety of fruit 

consumption between T1 and T2 across three days of intake. A majority of children 

consumed fruit more frequently and with greater variety at T2 compared with T1. 

Wilcoxon signed rank test showed a significant increase in the frequency (z=3.0, 

p<0.01) and variety (z=4.2, p<0.001) of intake between T1 and T2, with the median 

(IQR) difference of 1 (-2:4) times for frequency of intake and 1 (-1:2) for variety of 

intake. However, the effect sizes for these differences are small to moderate (r=0.21 

for fruit frequency and r=0.30 for fruit variety).  

 

 

Table 5.4 Difference in the frequency and variety of fruit consumption between T1 and 

T2 (n=208) across three days of intake. 

 n(%) Median (IQR†) 

Frequency  1 (-2:4) 

     Consumed less 72(38.9)  

     No difference 18(9.7)  

     Consumed more 118(63.8) 

 

 

Variety  1 (-1:2) 

     Consumed less 54(29.2)  

     No difference 38(20.5)  

     Consumed more 116(62.7)  

†inter-quartile range, negative value indicates lesser consumption. 

 

5.1.2.4 Association between frequency, variety and amount eaten  

Both variety and frequency of fruit consumption were strongly correlated with total 

amount of fruit eaten at T1 (rs= 0.69, p<0.001 for variety and rs= 0.81, p<0.001 for 

frequency) and T2 (rs= 0.75, p<0.001 for variety and rs= 0.85, p<0.001 for 

frequency).  
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5.2 VEGETABLE INTAKE 

5.2.1  Maternal intake 

Figure 5.5 shows the proportion of participants consuming vegetables according to 

the category of vegetable consumption in the T1 and T2 questionnaires. The number 

of daily serves of vegetables consumed by mothers was consistent between T1 and 

T2 with only a minority of mothers consuming 5 or more serves of vegetables per 

day at T1 (n=21, 7.6%) and T2 (n=16, 7.7%). One mother reported not consuming 

any vegetable at either time point. A majority of mothers reported consuming one to 

four serves of vegetables per day at T1 (n=255, 92.0%) and T2 (n=188, 90.4%).  

 

     

 

*1 serve of vegetable = 75g of cooked or raw vegetables (114). 

 

Figure 5.5 Maternal consumption of vegetable. 

 

P
ro

p
o

rt
io

n
 o

f 
co

n
su

m
er

s 
(%

) 

Number of vegetable serve(s)* consumed per day 

Time 1 (n=277) 

Time 2 (n=208) 



  

166 

 

5.2.2 Child intake 

5.2.2.1 Proportion of vegetable consumers, grams and serves consumed  

Table 5.5 presents the proportion of vegetable consumers and the amount of 

vegetables consumed at T1 and T2. At T1, two hundred and fifty-four (91.7%) 

children consumed vegetable at least once in the three days of dietary assessment. 

The proportion was similar at T2 (90.3%, 2= 1.5, p =0.22, ф= 0.09). A majority of 

participants ate vegetables on all three assessed days at T1 (n=209, 75.5%) and T2 

(n=150, 72.1%). This decrease was not significant (2= 2.1, p =0.12, ф= 0.10), 

indicating tracking of vegetable consumers between T1 and T2.  

 

Although the amount of vegetables consumed per day significantly increased (z= 

2.27, p<0.05) between T1 and T2 (Table 5.5), the effect size is small (r=0.16). When 

commercial infant vegetable products were excluded, there was no change in the 

number of vegetable consumers at T1. However, the amount of vegetables consumed 

decreased to median (IQR) of 51 (21:110)g per day (Table 5.5). Consumers of 

commercial infant vegetable products also consumed significantly more vegetables 

than non-consumers of commercial infant vegetable products (z=6.71, p<0.001, 

r=0.40). The number of consumers decreased by two with the exclusion of 

commercial infant vegetable products at T2 and the amount of vegetables consumed 

decreased to a median (IQR) of 68 (16:109)g per day (Table 5.5). Furthermore, the 

amount of vegetables consumed between consumers and non-consumers of 

commercial infant vegetable products significantly differed (z=0.372, p<0.001, 

r=0.26).  
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When potatoes were excluded from the vegetable food group, the number of children 

consuming vegetables decreased non-significantly at T1 (2= 1.3, p=0.24, ф= 0.08) 

and T2 (2= 2.3, p=0.13, ф= 0.10). The amount of vegetables consumed also 

decreased to a median (IQR) of 36(23:143)g per day at T1 and 56 (11:101)g per day 

at T2 (Table 5.5). Furthermore, comparison of the amount of vegetables consumed 

between consumers and non-consumers of potatoes resulted in significant differences 

at T1 (z=2.80, p<0.01, r=0.17) and T2 (z=4.96, p<0.001, r=0.35). 

 

 

 

Table 5.5 Proportion of vegetable consumers, grams and serves of vegetables consumed 

at Time 1 (n=277) and Time 2 (n=208). 

Vegetable intake n(%)a Amount consumed per day (g) Serveb per day 

consumed 

Time 1 Time 2 Time 1 

Median 

(IQR†) 

Time 2 

Median 

(IQR†) 

Time 1 

Median 

(IQR†) 

Time 2 

Median 

(IQR†) 

Total 254 

(91.7) 

188 

(90.3) 

69 (27:151) 74 (17:113) 

 

3.4 

(1.3:7.5) 

1.0 

(0.2:1.5) 

Without commercial 

infant vegetable 

products 

 

254 

(91.7) 

186 

(89.4) 

51 (21:110) 68 (16:109) 

 

2.6 

(1.0:5.5) 

0.9 

(0.2:1.4) 

Without potatoes 245 

(88.5) 

176 

(84.6) 

36 (23:143) 56 (11:101) 1.8 

(1.2:7.2) 

0.7 

(0.1:1.3) 
aconsumed at least once; b1 serve of vegetable = 20g for T1 and 75g for T2 (9); †inter-quartile range. 

 

 

Figure 5.6 illustrates the proportion of children by serve of vegetables consumed per 

day (as a mean of 3 days). At T1, a majority of children (n=200, 72.2%) consumed at 

least 1.5 serves of vegetable per day, with only 27 children (13.0%) consuming at 

least 2 serves of vegetables per day at T2. 
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*as mean of 3 days; b1 serve of vegetable = 20g for T1 and 75g for T2 (9).  

Figure 5.6 Proportion of children by serve of vegetable consumed. 

 

 

5.2.2.2 Type of vegetables consumed  

Table 5.6 shows the number of consumers for each type of vegetable/vegetable sub-

group at T1 and T2. At T1, 22 of 28 defined sub-groups were consumed by at least 

one child. The three most popular vegetables at T1 were pumpkin, carrot and potato. 

These vegetables continued to dominate children’s vegetable intake at T2.  

 

There was a decrease from T1 to T2 for 12 of the 28 sub-groups in the proportion of 

consumers. The most notable decrease was for commercial vegetable dishes and 

mixed vegetables, homemade vegetable dishes, pumpkin and sweet potato. There 

were increases of more than 10% in the proportion of consumers between T1 and T2 

Time 1 (n=277) 

Time 2 (n=208) 

Serve(s) of vegetables consumed per day* 
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for 11 of the vegetable sub-groups with the greatest increases for tomatoes (26.1%), 

peas and beans (22.1%) and potato (20.1%). However, almost half (n=22) of tomato 

consumers at T2 consumed tomato paste or tomato puree (usually used in 

combination with other ingredients in a dish), leaving thirty children consuming 

fresh tomatoes at T2.  

 

Table 5.6 Consumers of vegetable at Time 1 (n=254) and Time 2 (n=188). 
Vegetable/Vegetable sub-group n(%) 

Time 1 Time 2 

Potato₤ 107(42.1) 117(62.2) 

Carrot 155(61.0) 112(59.6) 

Pumpkin 143(56.3) 67 (35.6) 

Sweet potato 100(39.4) 27 (14.1) 

Broccoli 59(23.2) 67 (35.6) 

Mixed vegetables 67(26.4) 24 (12.8) 

Commercial infant vegetable dishes€ 60(23.6) 17 (9.0) 

Commercial infant mixed vegetables¶ 39(15.4) 3 (1.6) 

Peas and beans 44(17.3) 74 (39.4) 

Zucchini 33(13.0) 29 (15.4) 

Avocado 45(17.7) 23 (12.2) 

Cauliflower 38(15.0) 28 (14.9) 

Sweet corn 20 (7.9) 31 (16.5) 

Homemade vegetable dishes 75 (29.5) 14 (7.5) 

Green leafy vegetablesж 16 (6.3) 31 (16.5) 

Other root vegetables† 8 (3.1) 3 (1.6) 

Garlic and onion 10 (3.9) 34 (18.1) 

Homemade legume dishes‡ 4 (1.6) 2 (1.1) 

Cabbage 5 (2.0) 6 (3.2) 

Legumes§ 3 (1.2) 25 (13.3) 

Tomatoesß 4 (1.6) 52 (27.7) 

Cucumber 2 (0.8) 35 (18.6) 

Beetroot 0 (0.0) 5 (2.7) 

Capsicum 0 (0.0) 16 (8.5) 

Mushroom 0 (0.0) 10 (5.3) 

Vegetable soup¥ 0 (0.0) 7 (3.7) 

Bean sprout 0 (0.0) 1 (0.5) 

Pickled vegetablesξ 0 (0.0) 3 (1.6) 
₤excludes hot chips, potato chips, potato crisps and French fries. 
€commercially prepared dishes for infants and/or toddlers where vegetable is the main ingredient, eg: beef and 

vegetable casserole. 

 ¶commercially prepared food products for infants and/or toddlers consist of mixed vegetables only, eg: broccoli 

and pea mash. 
Жconsists of lettuce, spinach, asparagus, Brussels sprouts, celery and Asian greens. 
†consists of parsnip, swede and squash. 
‡homemade dishes where legumes (eg: baked beans, lentils, kidney beans) are the main ingredient. 
§consists of baked beans and kidney beans 
ßincludes tomato puree and tomato paste but excludes tomato ketchups/sauces. 
¥soups where vegetables (besides water/stock) are the main ingredients; eg: minestrone soup, pumpkin soup. 
Ξpickled and/or preserved vegetables, eg: gherkin, sauerkraut, pickled olives. 
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5.2.2.3 Frequency and variety of vegetable intake  

Table 5.7 summarises the frequency and variety of vegetable consumption across the 

three days of intake at T1 and T2. Over the three assessed days, vegetables were 

consumed on a median (IQR) of 6 (3:11) occasions at T1 and 5 (2:9) ocassions at T2, 

that is a median (IQR) of 2 (1:3.5) times per day at T1 and 1.7 (0.7:3) times per day 

at T2. Median (IQR) variety of vegetable intake for three days were 3 (2:5) and 4 

(1:6) sub-groups of vegetables at T1 and T2 respectively.  

 

Table 5.7 Frequency and variety of vegetable intake amongst vegetable consumers at 

T1 (n=254) and T2 (n=188) across the three days of intake. 

Vegetable intake n(%) Median (IQR*) 

Time 1 Time 2 Time 1 Time 2 

Frequencya   6 (3:11) 5 (2:9) 

   1-5 106(41.7) 88(46.8)   

   6-10 79(31.1) 60(31.9)   

   11-20 57(22.5) 3719.7)   

   ≥21 

 

12(4.7) 3(1.6)   

Varietyb   3(2:5) 4(1:6) 

   1 31(12.2) 28(14.9)   

   2-5 163(64.2) 101(53.7)   

   6-10 58(22.8) 58(30.9)   

   ≥11 2(0.8) 1 (0.5)   

*inter-quartile range 
anumber of occasions vegetable was consumed 
bnumber of different sub-groups of vegetables consumed 

 

 

 

 

The distribution of frequency of vegetable consumption against variety of vegetable 

consumption has a non-linear and monotonic relationship at both time points as 

shown in Figures 5.7 and 5.8. This allows for Spearman rho correlation which 

showed that frequency and variety of vegetable consumption were strongly 

correlated at T1 (rs= 0.82, p<0.001) and T2 (rs=0.94, p<0.001).  
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Figure 5.7 Distribution of frequency of vegetable consumption against vegetable variety 

from 3 days of intake at Time 1 (n=277). 

 

 

Figure 5.8 Distribution of frequency of vegetable consumption against vegetable variety 

from 3 days of intake at Time 2 (n=208). 
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Table 5.8 summarises the difference in the frequency and variety of vegetable 

consumption between T1 and T2. A majority of children consumed vegetable less 

frequently at T2 (n=121, 58.2%) (Wilcoxon signed rank Z = -3.4, p<0.01 between T1 

and T2, effect size r=20) and many also consumed less variety (n=94, 45.2%) 

although non-significant (Z = -0.9, p>0.05, r=0.09).  

 

 

Table 5.8 Difference in the frequency and variety of vegetable consumption between T1 

and T2 (n=208) across three days of intake. 

 n(%) Median (IQR†) 

Frequency  -1.5(-6.0:2.8) 

     Consumed less 121(58.2)  

     No difference 15(7.2)  

     Consumed more 

 

72(34.6)  

Variety  0.0 (-2.0:2.0) 

     Consumed less 94(45.2)  

     No difference 24(11.5)  

     Consumed more 89(42.8)  

†inter-quartile range, negative value indicates lesser consumption 

 

5.2.2.4 Association between frequency, variety and amount eaten  

Frequency of vegetable intake was strongly correlated with total amount eaten at 

both time points (rs= 0.72, p<0.001 at T1 and rs= 0.69, p<0.001 at T2). Similar 

results were found for variety and total amount eaten (rs= 0.57, p<0.001 at T1 and rs= 

0.64, p<0.001 at T2). 
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5.3 DISCUSSION  
 

5.3.1  Maternal fruit and vegetable consumption 

Adequate consumption of fruit and vegetables provides a diversified diet that is 

protective of a range of chronic diseases (1). The previous and current AGHE 

recommend consumption of at least 2 serves of fruit and 5 serves of vegetables a day 

for women (10, 488). Analysis of the maternal responses on fruit and vegetable 

consumption in the T1 and T2 questionnaires showed that the proportions of mothers 

meeting the guidelines for fruit (42% at T1 and 48% at T2) and vegetable (7.6% at 

T1 and 7.7% at T2) were lower than those reported from the 2007-2008 National 

Health Survey (NHS) (56.4% for fruit and 10.1% for vegetable) and 2011-2012 

Australian Health Survey (53.1% for fruit and 9.4% for vegetable) for women aged 

18 years and over (489, 490).  

 

Nevertheless, higher proportion of mothers in this study meet the recommendation 

for 2 serves of fruit daily than the women (aged 19-40 years) in the 1995 National 

Nutrition Survey (NNS) (32% for age 19-30 years and 31% for age 31-40 years) 

(15). Proportion of mothers meeting vegetable serves are however, lower than those 

reported from the NNS survey for women of similar age (24% for age 19-30 years 

and 21% for age 31-40 years) (15).  

 

Caution is required when making comparisons between data due to differences in 

dietary data collection methods, age categories, time period of survey/study and 

sampling method (not nationally representative). Dietary data from the ABS national 
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health survey came from recall information collected from Computer Assisted 

Interview (CAI) (491) while data from the NNS were obtained from 1 x 24-hour 

dietary recalls on 8,891 adults aged 19 to 64 years (15). Although 1 x 24-hour recall 

is limited in its ability to capture day-to-day variation, it is a commonly used method 

in group assessments that has undergone validity studies on various populations 

(492-495). The use of questionnaires where answers are limited to predefined 

categories and the self-reporting nature of this study raise a few questions regarding 

the validity of this method to measure FV intake in mothers. For example, it is 

unclear how participants would interpret ‘usual intake’ without guidelines 

accompanying the questions asked in the study. Although serve sizes were defined, 

the absence of a visual guide and verbal prompts from a trained interviewer on what 

makes up a serve of fruit and vegetable may have also led to reporting bias.  

 

Despite the differences discussed above, the high proportions of inadequate fruit and 

vegetable intakes found in the mothers in this study are broadly consistent with 

global consumption patterns. For example, in the USA, analysis of the 2003-2004 

National Health and Nutrition Examination Survey (NHANES) using two non-

consecutive days of 24-hour dietary recall reported that only 12.3% and 18.6% of 

women aged 19 years and over met their individualized recommendations for daily 

fruit and vegetable consumption respectively (496). In addition, poor FV 

consumption is expected to continue. Recent trend analysis of fruit and vegetable 

intake amongst Australians by the ABS reported that the proportions of Australian 

women meeting the recommendation for fruit and vegetable intakes decreased over 

time between 2001 and 2012 with 53.3% and 9.4% Australian women meeting 

guidelines for fruit and vegetable respectively in 2012 (497).   
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5.3.2  Child fruit and vegetable consumption 

A majority of children consumed fruit and vegetable at least once and every day in 

the three days of assessment at both T1 and T2. Frequency and variety of fruit and 

vegetable intakes were also highly correlated with amounts eaten, but despite the 

increase in the amount of vegetables consumed between T1 and T2, only 13% 

children were able to meet the serve/day recommendation for vegetables at T2. This 

is because at T2, children are recommended to consume a minimum of 2 serves/day 

of vegetables (1 serve =75g) while at T1, they were only recommended to consume a 

minimum of 1.5 serves/day (1 serve = 20g) (9). Despite the five-fold increase in the 

amount recommended, there was only an increase of a mere 5.5g/day (comparison of 

medians) of vegetables eaten which explains why children were not meeting the 

dietary recommendation for vegetable at T2. In contrast, the increase in daily serve 

size recommendations for fruit between T1 and T2 did not affect children meeting 

the serve recommendations for fruit (9). 

 

A minority of children did not consume any fruit (13.4% at T1 and 11.1% at T2) or 

vegetable (8.3% at T1 and 9.7% at T2) in the 3 days of study. While this does not 

indicate that they never consumed any fruit or vegetable, they are most likely not to 

consume very much and most unlikely to meet recommended intake. Due to the 

limitation of only 3 days of intake, it is not possible to determine if children consume 

fruit and vegetables every day. However, it is reasonable to conclude that children 

who met the recommendations in the three days of intake would be most likely to 

meet the recommendations for daily fruit and vegetable intakes on most days. 
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Comparisons against two early feeding studies conducted in similar time periods as 

this study and with cohorts of children under 2 years of age showed that the 

proportion of children consuming fruit and vegetables in this study were higher than 

those found in the 2008 US FITS study  (16) but lower than those found in the 

Melbourne InFANT program (17) (Table 5.9).   

 

Table 5.9 Comparisons of proportion of fruit and vegetable consumers 
Study: Diet assessment method: Age 

(months) 

% fruit 

consumers 

% vegetable 

consumers 

This study 1 x 24-hour diet recall, 

2 x food records 

6.3¶§ 

14.3¶† 

 

86.6 

88.9 

91.7 

90.4 

    

Melbourne InFANTa 3 x 24-hour diet recalls 9¶ 

18¶ 

94.9 

98.3 

94.9 

94.9 

    

2008 US FITSb 1 x 24-hour diet recall 6-8.9 

12-14.9 

15-17.9 

64.5¶ 

74.3¶ 

74.7¶ 
 

62.8¶ 

72.4¶ 

70.8¶ 
 

aLioret S et al 2013 (17); bSiega-Riz AM et al 2010 (16) ; ¶mean; §age ranged between 4 to 9 months; 
†age ranged between 12 to 18 months. 

 

 

The notable higher proportions of fruit and vegetable consumers between the 

Australian cohorts (this study and the Melbourne InFANT program) and the US 

FITS cohort mirrored findings from fruit and vegetable studies for older children and 

adults in both countries (13, 15, 498, 499), indicating that population differences 

between countries in fruit and vegetable consumption begins as early as in the 

weaning period. Methodological differences in how dietary data were collected and 

differences in age range may also have contributed to the observed differences 

between studies. This study and the Melbourne InFANT study collected dietary data 
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from 3 days of intake while the US FITS study relied solely on a single 24-hour 

dietary recall (500). This may have contributed to an underestimation of consumers. 

 

The proportion of fruit and vegetable consumers in this study tracked between T1 

and T2. The significant but small increase in the amounts consumed between T1 and 

T2 can be attributed to children transitioning from a predominantly milk diet at T1 to 

a diet at T2 dominated by food. The Melbourne InFANT program also reported 

tracking in fruit and vegetable intakes (percentage consuming and amount eaten per 

day), although the amount of vegetables consumed significantly decreased from 

median (IQR) of 84.3 (37.4:134.0)g/day at 9 months to 69.9 (30.5:124.6) g/day at 18 

months (p<0.05) (17). 

 

Despite differences in the proportion of fruit and vegetable consumers, the type of 

fruit and vegetables consumed by children in this study is comparable to those 

reported in the 2002 and 2008 US FITS study (16). Banana, apple and pear are 

popular “first fruits” consumed by infants at the weaning period. At T2, banana and 

apple continue to be popular while more children were consuming grapes, melons 

and dried fruits. Although banana and apple were also popular in children aged 12-

17.9 months in the US FITS study, there were more consumers of processed or 

canned fruits (eg: 16.8% at 12 to 14.9 months and 12.4% at 15 to 17.9 months 

consuming canned applesauce) in the US cohort (16).  

 

Popular vegetables were generally root, starchy and sweet vegetables such as potato, 

carrot, sweet potato and pumpkin. The popularity at T1 is possibly due to their 

sweetness and texture which facilitate acceptability and ease of mashing/puree. The 
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starchiness and energy density of these vegetables may provide a pleasant feeling of 

satiety which teaches children to prefer their tastes, texture and smell (24). At T2, 

potato, carrot and pumpkin continue to be popular and more children were 

consuming peas and beans.  

 

When potato was excluded from the vegetable food group, the number of vegetable 

consumers decreased at T1 and T2. Potato remains the most popular vegetable 

consumed in older children with findings from the 2007 NCNPAS showing that the 

proportion of children meeting the recommendations for vegetable decreased when 

potato was excluded to the extent that no children were able to meet the vegetable 

recommendations in the 14-16 years age group (13). Similarly, potato contributed 

prominently to adult vegetable intake along with poor consumption of other 

vegetables such as legumes, brassica and leafy vegetables (15). This suggests that the 

types of vegetables infants are consuming at the weaning period reflects adult intakes 

and provides useful information for early interventions targeting parent-child dyads. 

 

The general difference between the US FITS cohort and the cohort of this study is 

the reliance of the American cohort on commercial infant food products for the 

consumption of fruit and vegetables while the children in this study were more likely 

to consume home-prepared, fresh forms. Despite this, the number of fruit consumers 

and amount of fruit consumed by children in this study decreased significantly at T1 

and T2 when commercial infant fruit products were excluded from the fruit group. 

This shows the significant contribution of commercial infant food products to the 

consumption of fruit in the first 14 months of life. 
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Globally, North Americans are currently the world’s number one purchasers of infant 

food products (501), followed by China (502). Although supermarket sales 

accounted for the largest proportion of demand in the US, online shopping for infant 

food products is fast gaining popularity in this region (502). In Australia, demand for 

‘pharmacy home-brands’ and organic baby foods are on the rise and with the infant 

food industry projected to reach USD 38.7  billion in value by 2015 (502), it is 

logical to postulate that infant food products will continue to contribute significantly 

to fruit consumption of infants at the weaning period.  

 

Manufactured to provide a convenient alternative to busy, working families, infant 

food products are generally considered to be nutritionally safe. However, they are 

manufactured to be uniform in presentation, taste and texture. The packaging of 

infant food products into jars, cans and opaque pouches minimises infant interaction 

with food. This limits child exposure to the taste, texture, smell and look of the food. 

Providing opportunities for experiencing the sensory properties of food is important 

to increase child familiarity and acceptance of foods (383). Whether reliance on 

infant food fruit products affects consumption of fresh fruit in later childhood is not 

yet well established, but emerging evidence from the ALSPAC study in the UK 

suggests that early and frequent exposure to fresh, home-cooked fruits and 

vegetables was linked to better outcomes for intake in older children (frequency, 

amount and variety consumed) while no such relationship was observed in children 

frequently exposed to commercially prepared fruits and vegetables (402). 

Specifically, this longitudinal prospective study where 7866 mother-child dyads were 

recruited 6-7 months postpartum from 1991-1992 found a linear correlation between 
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frequency of home cooked fruits and vegetables offered to infants at 6 months with 

the amount of fruits and vegetables consumed by children at age 7 years (ß=0.14 for 

vegetable and ß=0.09 for fruit, p<0.001) (402).  

 

Furthermore, a study on the longitudinal modelling of dietary patterns of children 

from 6 months to 2 years of age also reported that frequent consumption of infant 

food products at the weaning period is associated with a less healthy diet at 2 years 

(503). This provides further support that heavy reliance on infant food products may 

have long term implications on the formation of children’s long-term food 

preferences and dietary quality. Therefore, the longitudinal relationship between 

consumption of infant food products and dietary and weight outcomes warrants 

further investigation. 

 

Fruit frequency and variety increased significantly between T1 and T2. However, 

vegetable frequency significantly decreased between the two time points while there 

was no significant difference in variety consumed (around 1 sub-group per day). 

While lower frequency of vegetable intake between T1 and T2 may be explained by 

the lower frequency of feedings in older children as they move towards a more 

established eating pattern, the poor variety of vegetables consumed indicates a 

potential problem in children’s diet. Nutritionally, a wide dietary variety can 

potentially provide nutritional adequacy, especially adequacy of micronutrients (504, 

505) and indicates overall dietary quality (506). Behaviourally, dietary variety is 

important to help infants acquire preferences for new foods (265, 266). Infants have 

innate inclination for sweet and salty tastes (38) and infant habituation to these tastes 
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may lead to poor acceptance of bland tasting foods such as vegetables (24). There is 

evidence to support this from both experimental studies and community based 

interventions in children aged five years and above (65). 

 

5.4 CONCLUSION  
 

Maternal FV intakes were far from ideal with less than half of the mothers in this 

study meeting recommendations for fruit intake and less than 10% meeting the 

recommendations for vegetable intake. A similar disparity between fruit and 

vegetable intake was observed for children at T2 where the majority of children were 

able to meet the serve/day recommendations for fruit in the three days of intake, but 

only 13% meet the serve/day recommendations for vegetables at T2. This shows that 

compared with fruit intake, vegetable intake is a more critical problem in maternal 

and child diets and should be prioritised for interventions. 

 

The findings presented in this study add to the limited literature on fruit and 

vegetable consumption in infants and toddlers. In particular, this study reported on 

the frequency and variety of fruit and vegetable intakes which were often not 

reported in earlier studies on young children’s diet. As discussed in Section 2.1.5.2, 

variety plays an important role in increasing fruit and vegetable intakes and 

acceptance at weaning while repeated exposure (frequency) shapes children’s 

preference for fruit and vegetables (Section 2.2.2.3). Future studies on young 

children’s diet can benefit from measuring and reporting variety and frequency of 
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fruit and vegetable consumption as they provide meaningful data for early 

intervention. 

 

The types of fruits and vegetables consumed by children were mostly sweet and 

starchy. They appeal to children’s innate preference for sweet tastes and limit 

children’s exposure to blander and/or bitter tastes as found in many green, leafy 

vegetables and legumes. Furthermore, infant food products contributed significantly 

to children’s fruit and vegetable consumption at T1. Reliance on commercial infant 

food products may have a long-term impact on child dietary quality and warrants 

further investigation in longitudinal studies. 

 

Variety of fruit and vegetable intakes remain low at around 1 sub-group of fruit or 

vegetable per day, despite the high frequency of intake at both T1 and T2. 

Furthermore, the proportion of consumers of fruit and vegetable tracked between T1 

and T2. This provides evidence that poor consumption of fruits and vegetables 

begins at the weaning period and continues into early toddlerhood and that 

interventions can benefit from targeting the mother-child dyad prior or at the time 

solids are being introduced. 
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CHAPTER SIX: MEASUREMENT MODELS 

 

This chapter reports, compares and discusses median ratings, internal consistency 

and results from the confirmatory factor analysis (CFA) of measured items for 

maternal feeding self-efficacy, psychological distress and child temperament 

(irritability at T1 and reactivity at T2) in the construction of latent variables and 

measurement models for the purpose of structural equation modelling reported and 

discussed in Chapter 7. Results from the CFA of maternal feeding self-efficacy, 

psychological distress and child irritability were reported in Koh et al (2014) (19). 

 

6.1  MEDIAN AND RELIABILITY  
 

Median and interquartile range of ratings of individual measured items and reliability 

(measured as internal consistency using Cronbach’s alpha) of the unobserved latent 

variables of maternal feeding self-efficacy, psychological distress and child 

temperament for T1 and T2 are presented in Table 6.1. Overall, median ratings for all 

items measuring maternal feeding self-efficacy at T1 and T2 were high, indicating 

high levels of feeding self-efficacy in this cohort of women. Initial reliability testing 

for all relevant items measuring maternal feeding self-efficacy at T1 (5 items) and T2 

(8 items) resulted in alpha coefficients (α) of 0.99 and 0.70 respectively. At T2, the 

items ‘can get child to sit through a meal’, ‘able to serve meals at regular times every 

day’ and ‘can feed child a meal without making dessert a reward’ have poor item-

total correlations of 0.28, 0.25 and 0.19. Exclusion of these items improved the α 

coefficient of the remaining 5 items to 0.82. 
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Table 6.1 Median (interquartile range) of individual items and reliability for maternal 

feeding self-efficacy, psychological distress and child temperament 

(irritability/reactivity) at Time 1 (n=277) and Time 2 (n= 208). 
Latent variables/ Measured itemsa Median (IQR)b  αc 

Time 1 Time 2 Time 1 Time 2 

Maternal feeding self-efficacyd   0.99 0.82 

     Give child healthy food 5 (5:5) 5(4:5)   

     Can get child to eat enough 5 (4:5) 5(4:5)   

     Can get child to try vegetables 5 (5:5) 5(4:5)   

     Give child right amount of food 4 (4:5) 4(4:5)   

     Can get child to taste new food 5 (4:5) 5(4:5)   

     Can get child to sit through a meal* - 5(4:5)   

     Able to serve meals at regular times every day* - 5(4:5)   

     Can feed child a meal without making dessert a  

     reward* 

- 5(5:5)   

Maternal psychological distresse   0.84 0.85 

     Feel hopeless 1(1:2) 1(1:1)   

     Feel depressed 1(1:2) 1(1:2)   

     Feel so sad nothing could cheer you up 1(1:1) 1(1:1)   

     Often feel tired for no good reason 2(2:3) 2(1:3)   

     Feel everything was an effort 2(1:2) 2(1:2)   

     Feel nervous 1 (1:2) 1(1:2)   

     Feel so nervous that nothing could calm you down 1(1:1) 1(1:1)   

     Feel restless or fidgety 1(1:2) 1(1:1)   

     Feel so restless that you could not sit still 1(1:1) 1(1:1)   

     Feel worthless 1(1:1) 1(1:1)   

Child irritabilityf   0.63 - 

     Fretful on waking up 2(2:3) -   

     Continues to cry despite soothing 2(1:3) -   

     Cries when left alone to play 2(2:3) -   

     Amuses self for ½ hour in cot/playpen* 5(4:5) -   

Child reactivityf   - 0.60 

     Moody ‘off’ days when irritable all day - 2(2:3)   

     Response to frustration intensely - 4(2:5)   

     Shows much bodily movements when upset or crying - 4(3:5)   

     Moody for more than a few minutes when corrected 

     or disciplined 

- 2(1:3)   

     Cries after a fall or bump* - 4(4:5)   

     Plays actively with toys indoors* - 5(5:5)   

     Runs to get to where s/he wants to go* - 4(1:5)   

     Frowns or complains when left to play by    

     him/herself* 

- 2(1:3)   

aLatent variables in bold 
bMedian rating with inter-quartile range (IQR) 
cCronbach’s alpha coefficient for internal consistency: α >0.70 (acceptable), α >0.8 (good 

consistency) (440). 
d Items from ‘Self-efficacy’ questionnaire from the Nutrition Aimed at Toddlers study (NEAT) (422). 

All items rated in 5-point Likert scale with 1= Not confident at all to 5=Very confident 
eKessler 10 (414). All items rated in 5-point Likert scale with 1=None of the time to 5= All of the time 
f Items for ‘irritability’ from Short Temperament Scale for Infants (STSI) (507). Items for ‘reactivity’ 

from Short Temperament Scale for Toddlers (STST) (436). All items rated in 6-point Likert scale with 

1=Almost never to 6= Almost always 

*Items removed from reliability test due to poor item-total correlation 
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Maternal self-reported psychological stress measured using K10 indicated little to no 

distress (all median ratings <3 out of possible 5). If the individual responses for each 

K10 item are treated as scores and summed, the median (IQR) total score at T1 is 14 

(11:16) and 13 (11:15) at T2. Cronbach’s alpha test on all 10 items in the K10 show 

good item-total correlations (α=0.84 at T1 and 0.85 at T2). 

 

Mothers reported minimal child irritability and reactivity at T1 and T2 respectively. 

However, items measuring child irritability and child reactivity have poor internal 

consistencies (α <0.70) even after items with low item-total correlation, r <0.3 (440) 

were removed. The items removed are: ‘amuses self for ½ hour in cot or playpen’ (r= 

0.11) for child irritability; ‘cries after a fall or bump’ (r =0.13), ‘plays actively with 

toys indoors’ (r =0.12), ‘runs to get to where s/he wants to go’ (r =0.21), and ‘frowns 

or complains when left to play by him/herself’ (r =0.11) for child reactivity. 

 

Alpha coefficients provide a measurement of internal consistency of the items in a 

scale but are insufficient to give information on how well the items measure what 

they purportedly measure. For this, validity tests are required. Section 6.2 below 

reports results from confirmatory analyses in the construction of measurement 

models and in doing so, provides outcomes for construct validity of maternal feeding 

self-efficacy, K10 and child irritability (T1) and reactivity (T2). 
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6.2  CONSTRUCTION OF MEASUREMENT MODELS 
 

6.2.1  Maternal feeding self-efficacy 

Confirmatory factor analysis (CFA) on all five items measuring maternal feeding 

self-efficacy at T1 resulted in a well-fitting model (2/df= 0.52, RMSEA = 0.01, CFI 

= 1.0, TLI=1.0, WRMR = 0.21) as shown in Figure 6.1. The two items making the 

greatest contribution to the variation (R2) seen in maternal feeding self-efficacy were 

‘can get child to eat enough’ and ‘can get child to try vegetables’. All of the 

measured items loaded strongly (r>0.5) to the latent variable maternal feeding self-

efficacy at T1. 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.1 Measurement model for maternal feeding self-efficacy at Time 1 (n=277). 
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As shown in Figure 6.2, CFA on all eight items measuring maternal feeding self-

efficacy at T2 resulted in a reasonably fitted model (2/df= 2.0, RMSEA = 0.07, CFI 

= 0.98, TLI=0.97, WRMR = 0.69). As per the results from T1, the two items that 

made the greatest contribution to the variation (R2) were ‘can get child to eat enough’ 

and ‘can get child to try vegetables’. All items loaded strongly (r> 0.5) to the latent 

variable maternal feeding self-efficacy except for the variable ‘can feed child a meal 

without making dessert a reward’. Following the results from Cronbach’s alpha test 

on all 8 items (Section 6.1) where three items (‘can get child to sit through meals’, 

‘able to serve meals at regular times’, ‘can feed a meal without making dessert a 

reward’) were found to be poorly correlated, a separate CFA on a two-factor model 

(factor 1 containing the 3 items that were poorly correlated and factor 2 containing 

the other 5 items) was conducted. The two-factor model resulted in a poorly fitted 

model (2/df= 3.5, RMSEA = 0.12, CFI=0.77, TLI = 0.76, WRMR = 0.90). 
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Figure 6.2 Measurement model for maternal feeding self-efficacy at Time 2 (n=208). 
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6.2.2  Maternal psychological distress 

As shown in Table 6.2 below, CFA for all 10 items in the K10 resulted in poorly 

fitted models at both T1 and T2.  

 

Table 6.2 Model fit indices, standardised factor loadings and squared multiple 

correlations for ten items in the Kessler 10 at Time 1 (n=277) and Time 2 (n=208). 

 Standardised 

factor loading 

R2¶ 

Time 1 Time 2 Time 1 Time 2 

Time 1 model fit indices*: 

2/df = 2.2, RMSEA = 0.11, CFI = 0.94, TLI = 0.93, WRMR = 1.1 

 

Time 2 model fit indices*: 

2/df= 2.1, RMSEA = 0.11, CFI= 0.93, TLI = 0.92, WRMR = 1.1 

Feel hopeless 0.67 0.70 0.82 0.84 

Feel depressed 0.74 0.82 0.86 0.91 

Feel so sad nothing could cheer you up 0.86 0.83 0.93 0.91 

Often feel tired for no good reason 0.40 0.32 0.63 0.56 

Feel everything was an effort 0.50 0.48 0.69 0.69 

Feel nervous 0.52 0.40 0.72 0.63 

Feel so nervous that nothing could calm you down 0.80 0.75 0.90 0.87 

Feel restless or fidgety 0.56 0.37 0.75 0.61 

Feel so restless that you could to sit still 0.69 0.37 0.83 0.61 

Feel worthless 0.65 0.60 0.81 0.78 
¶Squared multiple correlation (R2) indicates reliability of measured item; for example:R2= 0.82 for the 

item ‘feel hopeless’ at Time 1 means 82% variance of the latent variable ‘maternal psychological 

distress’ is explained by this item. 
*Models are considered well fitted if the ratio of 2/df is <2, Tucker-Lewis Index (TLI) ≥ 0.95, Comparative Fit 

Index (CFI) ≥ 0.95, Root Mean Square Error of Approximation (RMSEA) < 0.06 to 0.08 and Weighted Root 

Mean Square Residual (WRMR) <0.90 (84). 

 

According to Kessler et al (2002) (508), the ten items in K10 measure five different 

dimensions of psychological distress; namely depressed mood, motor agitation, 

fatigue, worthless guilt and anxiety. Table 6.3 shows the items from the K10 that 

correspond with five dimensions. Table 6.3 also indicates items corresponding to the 

K6, the shortened version of the K10 (508). 
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Table 6.3 Items from the Kessler 10 and Kessler 6 and their corresponding 

dimensions(508). 

Dimension Item from Kessler 10 

Depressed mood Feel depressed, feel so sad nothing could cheer you up*, feel hopeless* 

Motor agitation Feel restless or fidgety*, feel so restless you could not sit still 

Fatigue Often feel tired for no good reason, feel everything was an effort* 

Worthless guilt Feel worthless* 

Anxiety Feel nervous*, feel so nervous that nothing could calm you down 

*items in the Kessler 6 (K6). 

 

 

 

Following poor one factor model fit for the K10, CFAs were conducted for the 6 

items from the K10 that forms the K6 to examine if good model fits could achieved 

for the K6. However, CFA tests also resulted in poor model fits at T1 (2/df =2.3, 

RMSEA =0.11, CFI= 0.92, TLI= 0.91 and WRMR = 1.1) and T2 (2/df =2.2, 

RMSEA =0.11, CFI= 0.90, TLI= 0.89 and WRMR = 1.0). 

 

Adhering strictly to the theoretical dimensions proposed by Kessler and colleagues 

(Table 6.3), multiple confirmatory factor analyses (eg: 2 factor model or 3 factor 

model) were not conducted on the items in the K10 as each factor (dimension) is 

measured via one or two items only (except for ‘depressed mood’). Therefore, 

modification indices (MI) were considered alongside theoretical sense of the models 

when modifications were made to the models to achieve good fitting measurement 

models for T1 and T2.  

 

According to the MIs obtained from CFA of all ten items in the K10, a better model 

fit can be achieved if “feel restless or fidgety” is regressed on “feel so restless you 

could not sit still” (MI= 35.1 for T1 and 58.2 for T2) and if “feel so restless you 
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could not sit still” is regressed on “feel so nervous nothing could calm you down” 

(MI=46.1 for T1 and 48.7 for T2). This indicates that the two items measuring 

‘motor agitation’ are covariates for the item “so nervous nothing could calm you 

down”. These two items were removed from the K10 measurement model. Removal 

of these two items slightly improved the model fit indices with both CFI and TLI 

achieving 0.97 and 0.96 respectively for both time points. However, other model fit 

indices remained poor (2/df = 2.1, RMSEA = 0.10, WRMR = 0.97 at T1 and 2/df = 

2.0, RMSEA = 0.09 WRMR= 0.90 at T2).  

 

MIs for the models at T1 and T2 (without the two items measuring ‘motor agitation’) 

were checked again to identify items that may be inappropriately fitted into the 

models. Table 6.4 shows the summary from the modification tests. 

 

Table 6.4 Modification indices for K10 measurement models without items measuring 

motor agitation at Time 1(n=277) and Time 2 (n=208). 

 Modification Index 

Time 1 Time 2 

Feel worthless → Feel so nervous nothing could calm you down 15.9 14.1 

Feel so nervous that nothing could calm you down → Often feel tired for no 

good reason 

38.2 22.2 

Feel so nervous that nothing could calm you down → Feel nervous 40.0 19.8 

Feel depressed ↔ Feel so sad nothing could cheer you up 15.2 - 

Often feel tired for no good reason ↔ Feel everything was an effort - 25.3 

→ indicates regression 

↔ indicates correlation 

 

These results show that ‘feel worthless’ and ‘feel so nervous nothing could calm you 

down’ were covariates for ‘often feel tired for no good reason’ and ‘feel nervous’. 

Therefore, they were removed from the measurement models at T1 and T2.  
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0.63 

0.70 

0.82 

0.89 

0.96 

0.62 

0.34 

As suggested by the results from the modification tests, ‘feel depressed’ and ‘feel so 

sad nothing could cheer you up’ were correlated at T1 while ‘often feel tired for no 

good reason’ and ‘feel everything was an effort’ were correlated at T2. As shown in 

Figures 6.3 and 6.4 below, the results following these modifications to the models at 

T1 and T2 resulted in good fitting measurement models (2/df = 1.9, RMSEA = 0.06, 

CFI= 0.99, TLI= 0.99 and WRMR= 0.52 at T1 and 2/df = 1.2, RMSEA = 0.04, 

CFI= 0.99, TLI= 0.99 and WRMR= 0.38 at T2). Cronbach’s alpha tests repeated on 

the remaining 6 items following the CFA results showed good internal consistencies 

at T1 (α=0.81) and T2 (α= 0.83). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.3 Measurement model for maternal psychological distress at Time 1 (n=277). 
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Figure 6.4 Measurement model for maternal psychological distress at Time 2 (n=208). 
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TLI= 0.99 and WRMR= 0.01 for child irritability and 2/df = 0.49, RMSEA = 0.01, 

CFI= 0.99, TLI= 0.99 and WRMR= 0.15 for child reactivity). 

 

Table 6.5 Model fit indices, standardised factor loading and squared multiple 

correlations for items measuring child irritability at T1 (n=277) and child reactivity at 

T2 (n=208). 
 Standardised 

factor loading 

R2¶ 

Child irritabilitya 

Model fit indices*: 2/df is=27.0, TLI=0.55, CFI=0.85, RMSEA=0.31, WRMR=1.1 

 

     -Fretful on waking up 0.63 0.40 

     -Continues to cry despite soothing 0.59 0.35 

     -Cries when left alone to play 0.77 0.60 

     -Amuses self for ½ hour in cot/playpen 0.37 0.04 

Child Reactivityb 

Model fit indices*: 2/df is=3.8, TLI=0.59, CFI=0.71, RMSEA=0.12, WRMR=0.97 

 

     -Moody “off” days when irritable all day 0.57 0.33 

     -Response to frustration intensely 0.45 0.21 

     -Shows much bodily movements when upset or crying 0.59 0.35 

     -Moody for more than a few minutes when corrected or 

      disciplined 

0.57 0.33 

     -Cries after a fall or bump 0.22 0.05 

     -Plays actively with toys indoors 0.14 0.02 

     -Runs to get to where s/he wants to go 0.16 0.03 

     -Frowns of complains when left to play by him/herself 0.24 0.06 
¶Squared multiple correlation (R2) indicates reliability of measured item; for example: R2= 0.82 for the 

item ‘feel hopeless’ at Time 1 means 82% variance of the latent variable ‘maternal psychological 

distress’ is explained by this item. 
*Models are considered well fitted if the ratio of 2/df is <2, TLI ≥ 0.95, CFI ≥ 0.95, RMSEA < 0.06 

to 0.08 and WRMR <0.90 (84). 
aItems from Short Temperament Scale for Infants (STSI) (507). 
bItems from Short Temperament Scale for Toddlers (STST) (436).  
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Figure 6.5 Measurement model for child irritability at Time 1 (n=277). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.6 Measurement model for child reactivity at Time 2 (n=208). 
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Two alternate two-factor models for child reactivity consisting of all 8 measured 

items were also considered and tested. The first model with two correlated latent 

factors (Figure 6.7) achieved poor fit (2/df = 3.8, RMSEA = 0.12, CFI= 0.72, TLI= 

0.58 and WRMR= 0.96). 
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Figure 6.7 Measurement model with two correlated latent factors for child reactivity at 

Time 2 (n=208). 
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The second two factor model (Figure 6.8) which consisted of a two-level CFA 

achieved even poorer fit (2/df = 17.9, RMSEA = 0.32, CFI= 0.56, TLI= 0.44 and 

WRMR= 0.99) than the measurement model presented in Figure 6.7.
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Figure 6.8 Two level confirmatory factor analysis of eight items measuring child reactivity at Time 2 (n=208). 
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6.3 DISCUSSION 
 

Mothers in this study reported high levels of feeding self-efficacy and low levels of 

psychological distress. High levels of maternal feeding self-efficacy for each 

measured items (mean scores > 4 out of 5) were also recorded in the NEAT (53 

parent-toddler dyads, children mean age 19.3 months) (422) and InFANT cohorts 

(n=60 one-year-olds, n= 90 five-year-olds) with the InFANT study reporting 

decreased maternal self-efficacy in limiting use of discretionary foods in the older 

cohort of children (5 year olds) compared with the youngest cohort (1 year olds) 

(decrease of median score from 4.5 to 4 out of possible maximum score of 5, 

p<0.005) (63). The low levels of distress found in mothers in this study may be a 

consequence of systematic bias due to the selection criteria, literacy and voluntary 

nature of this study that favours highly educated and healthy mothers. 

 

At T2, three items (‘can get child to sit through meals’, ‘able to serve meals at 

regular times every day’, ‘can feed child a meal without making dessert a reward’) 

have poor item-total correlations, indicating that these items may belong to a 

different construct than the other five items used in the maternal feeding self-efficacy 

questionnaire. Interestingly, these are the only three items at T2 that measured self-

efficacy concerning meal structure and managing child’s mealtime behaviour. 

However, CFA on the five items (T1) and eight items (T2) resulted in good fitting 

models while CFA on a two-factor model at T2 resulted in a poorly fitted model. 

Although items making up the same constructs from factor analysis are usually 

internally consistent, this is not always the case. Furthermore, Cronbach’s alpha is 
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not a perfect indication of consistency as it does not discriminate between 

consistency and redundancy of items (509). This may indicate that the self-efficacy 

questionnaire used in T2, although validly measured the latent construct of ‘maternal 

feeding self-efficacy’, has poor reliability, hence limiting its repeatability in other 

cohorts.  

 

To date, this is the first published study (19) to have conducted a construct validity 

testing on the items used to measure maternal feeding self-efficacy from the NEAT 

study (422). The discrepancy found between the reliability and validity of the 

questionnaire at T2 has important implications for future research intending to adopt 

the NEAT self-efficacy questionnaire for children ≥ 12 months old. Depending on 

the culture and cohort under study, re-wording or removal of the items with poor 

item-total correlations may be needed. For example, what is considered a ‘meal’ (eg: 

do snacks qualify as a ‘meal’ and if so, does the type of snack eaten matter?) and 

what constitutes ‘regular meal times’. Redundancy may also occur for ‘can get child 

to eat enough’ and ‘give child right amount of food’ as mothers may consider these 

two items of similar meaning. 

 

Conversely, Cronbach’s alpha and CFA on the K10 revealed good internal 

consistency (α >0.8) at T1 and T2 but poorly fitted measurement models at both time 

points. The good internal consistency found for the K10 is not surprising given that 

many studies have consistently reported α values above 0.8 for this tool (510-513). 

However, the construct validity of the K10 is less studied and remains controversial. 

Only a few studies have examined the latent modelling of the items in K10. Table 6.6 

presents a summary of these studies which report inconsistent results. Moreover, 
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studies using data from clinical samples failed to show construct validity of the K10; 

raising questions regarding its suitability in clinical settings. 

 

The lack of construct validity studies on the K10 may be explained by the fact that 

both the K10 and K6 are usually used as screening tools to identify non-specific 

mental illness by summing the 5-point Likert scale ratings for each item to derive a 

total score. Depending on whether the scales were scored from 0 to 4 or 1 to 5, the 

maximum total score for the K10 is 40 or 50, which indicates severe distress.  

 

Cut-off scores for diagnosis of mental illness are calculated from Area Under Curve 

(AUC) values by adjusting for the desired sensitivity and specificity of the test. 

Studies examining AUCs for K10 reported AUC values of 0.66 to 0.94 (510-516). 

AUC provides an indication of the K10’s diagnostic ability to discriminate between 

case and non-case with values between 0.50 to 0.70 indicative of low accuracy, 0.70 

to 0.90 indicative of acceptable accuracy and 0.90 and above indicative of high 

accuracy (516). AUC tests on K10 showed low to acceptable accuracy with lowest 

accuracy for diagnosis of depression in pregnant women (AUC = 0.66) (516) and the 

highest accuracy for diagnosis of depression and anxiety disorders in men who had 

completed high school education (AUC =0.93) (515). These results show that the 

accuracy of K10 is reliant on the gender, physiological condition and demographic 

factors of the study cohort. 
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Table 6.6 Summary of studies on the latent modelling of items in the Kessler 10. 

Study Sample population Analysis 

method¶ 

Outcome* 

Kessler et al 2002 (508) >200,000 respondents (>18 years old); US 

National Health Interview Survey and the 

1997 Australian National Survey of Mental 

Health and Well-being (NSMHWB). 

EFA, 

PAF 

PAF on 45 questions/ psychological dimensions loaded strongly on one 

factor with 106 out of 135 items in the questions had a factor loading of at 

least 0.4 on the one factor.  EFA on the 106 items that passed the PAF test 

resulted in a good fitting two factor model (2/df=9.2, p<0.001) for the 

mail survey. PAF on 32 questions loaded strongly on one factor with 93 

out of 138 items fitted well into a two factor model (2/df=6.5, p<0.001). 

Brooks et al 2006 (517) 1407 respondents;  Northern Rivers Mental 

Health Study (NoRMHS), Sydney, 

Australia; cross-validation with 10,641 

respondents from the 1997 NSMHWB. 

PAF, 

CFA 
CFA on all ten items produced poor fitting model (2/df = 14.5, RMSEA 

= 0.09, CFI= 0.82, GFI = 0.82, AGFI= 0.71). Modelling on a two level 

model resulted in a poor fitting model (2/df = 10.2, RMSEA = 0.03, GFI 

= 0.96, AGFI= 0.92). PAF produced a better fitting 4 factor model 

(Nervous, Fatigue, Agitation & Negative Effect) which was confirmed 

through CFA re-examination (2/df = 2.3, RMSEA = 0.03, GFI = 0.96, 

AGFI= 0.92). 

Fassaert et al 2009 (518) 321 ethnic Dutch, 191 Moroccan and 213 

Turkish participants; Amsterdam Health 

Monitor survey 2004.  

EFA Good fitted one factor model which explained 70% of the variance in 

psychological distress and factors loadings ranging from 0.67 to 0.89. CFI 

= 0.97 and RMSEA= 0.09. 

Arnaud et al 2010 (513) 71 patients suffering from alcohol-related 

disorders who was admitted to the 

emergency department of the Centre 

Hospitalier Universitaire Gabriel Montpied 

in Clermont-Ferrand, France between  1st 

February to 1st March 2008. 

PAF Three factor solution (p<0.001) with factor 1 explaining 45.5% variance, 

factor 2 explaining 19.3% and factor 3 explaining 10.9% variance. All 

three factors explained 75.8% of total variance. Factor loadings ranged 

from 0.66 to 0.92. 

Berle et al 2010 (519) 183 patients commencing treatment at the 

Nepean Anxiety Disorders Clinic, Penrith, 

NSW, Australia. 

CFA Poor fitting models for CFA on the Kessler et al 2002 model (508) (2/df 

= 6.7, RMSEA = 0.20, CFI= 0.81, TLI= 0.75, GFI = 0.79). CFA on the 

Brooks et al 2006 (517) model resulted in a better fitting 4-factor model 

(2/df = 1.8, RMSEA = 0.09, CFI= 0.98, TLI= 0.97, GFI = 0.95).  
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Table 6.6 continued. 

 

Study Sample population Analysis 

method¶ 

Outcome 

Sunderland et al 2012 

(520) 

Clinical sample: 957 patients referred for 

treatment in Sydney Metropolitan Anxiety 

Disorder between April 2001 to May 2007. 

 

Community sample: 8841 respondents from 

the 2007 Australian National Survey of 

Mental Health and Wellbeing 

CFA CFA on 4 proposed models for K10 for both clinical and community samples 

resulted in poor fitting models for one factor model (2/df = 168, RMSEA = 0.14, 

CFI= 0.92, TLI= 0.90 for community sample and (2/df = 78.4, RMSEA = 0.16, 

CFI= 0.95, TLI= 0.93 for clinical sample). Best fit was achieved for a one factor 

model with correlated errors for the community sample (2/df = 20.8, RMSEA = 

0.05, CFI= 0.99, TLI= 0.99) and a two factor model for the clinical sample (2/df = 

41.2, RMSEA = 0.12, CFI= 0.97, TLI= 0.96). 

McNamara et al 2014 

(521) 

1589 Indigenous Australians and 227063 

non-indigenous Australians from the Sax 

Institute 45 and Up study. 

CFA CFA on the 4 models proposed by Sunderland et al 2012 revealed best fitting model 

for a one factor model with correlated errors for both indigenous (2/df = 7.6, 

RMSEA = 0.07, CFI= 0.97, TLI= 0.96) and non-indigenous respondents (2/df = 

966.8,  RMSEA = 0.07, CFI= 0.91, TLI= 0.87). 

Chan & Fung 2014 (522) 2325 children aged 12 to 19 years.  CFA Poor fit for a one factor model (2/df = 814.3, CFI=0.93, TLI=0.9, RMSEA=0.04). 
¶PAF – Principal Axis Factoring, EFA – Exploratory Factor Analysis, CFA – Confirmatory Factor Analysis. 

*Models are well fitted if 2/df <2, TLI ≥ 0.95, CFI ≥ 0.95, RMSEA < 0.06 to 0.08, GFI ≥ 0.95  and AGFI ≥ 0.95 (84). 2/df  is not recommended for large sample size (449).



  

205 

 

Depending on the sample population and setting of measurement, the K10 

demonstrated moderate to acceptable sensitivity and specificity for detecting 

depressive and anxiety disorders ranging from 0.65 to 0.92 and 0.62 to 0.81 

respectively (510-516). Therefore, cut points for diagnosis of mental illness differ 

between populations and can range from 21.5 for screening of depression in pregnant 

women to 38.5 for screening of panic disorder in pregnant women (516). The median 

total scores for the K10 found in this study (14 at T1 and 13 at T2) are well below 

these cut points but caution is required in their interpretation. 

 

Despite the preference of researchers and clinicians to use the total sum of K10 to 

screen for mental illness, Kessler and colleagues themselves have warned against 

such simplistic interpretation of results (508). For epidemiological studies, items 

need to be weighted from values generated from normative samples while in clinical 

settings, cut-points need to be developed from data obtained from clinical norms 

(508). Unfortunately in Australia, clinical scoring and cut-points are based on 

epidemiological data (414, 523) with only one clinical study conducted on Australian 

drug users (510). Therefore, without reliable and valid data from a reference 

population for the cohort in this study, the use of the sum of K10 scores may not be 

the best measure for the screening of psychological distress. In the absence of cohort-

specific normative data, validity studies provide useful information on the quality of 

the K10 to measure what it claims to measure. 

 

This study is the first to present a one-factor 6-item latent model for the K10 that 

differed from the six items used in the K6. The CFA presented adhered strictly to the 

theoretical dimensions as proposed by its creators (508), hence maintaining the 
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confirmatory nature of the analysis. The six items identified in this study correspond 

to three psychological dimensions of ‘depressed mood’, ‘fatigue’ and ‘anxiety’. 

However, these results are not transferrable to other studies. Further reliability, 

validation and test-retest studies on larger cohorts are needed to provide stronger 

evidence for its performance against the K10 and K6. Despite the weaknesses of the 

K10 discussed, the K10 remains a popular tool in health screenings and 

epidemiological studies because it can be quickly self- or interviewer-administered. 

 

Cronbach’s alpha for child irritability at T1 (5 items) and child reactivity at T2 (8 

items) were under 0.70. The items used in this study came from STSI and STST 

which are the abridged versions of the 95 items in the Revised Infant Temperament 

Questionnaire (RITQ) (524) and the 115 items in the Toddler Temperament Scale 

(TTS) (436). STSI and STST were used in the Australian Temperament Project 

(ATP) (525) to measure temperament of children aged 0-3 years old. Analysis from 

the ATP on a cohort of 4 to 8 month old Australian infants (n=2443) reported an 

alpha coefficient of 0.64 with test-retest reliability of 0.77 for five items measuring 

child irritability (526). Factor analysis of the 5 items also showed that the items only 

predicted 5.9% of the variance for the sub-scale ‘child irritability’ (526). Analysis of 

Australian toddlers aged 1 to 3 years old from the same project resulted in an alpha 

coefficient of 0.61 for all eight items measuring child reactivity (for the younger 

group aged 12 to 23 months old, n=135) (437, 527). 

 

In the SAIDI cohort studied, best model fits were achieved for a one factor model (3 

items) for child irritability at T1 and a one factor model (4 items) for child reactivity 
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at T2. Attempts at validating 2 two-factor models resulted in poorly fitted models for 

child reactivity.  

 

Despite various validation attempts for the RITQ, there are no published studies 

analysing the individual items that make up the RITQ sub-scales (or dimensions). To 

date, this study represents the first attempt at analysing the factor structure of the 

individual dimensions (and not the factor structure of the entire questionnaire) in a 

confirmatory manner following its use in the ATP. However, interpretation is limited 

as not all items from the STSI and STST questionnaires used in the ATP were 

adopted into the SAIDI questionnaire.  

 

Past validation studies analysed the clustering of dimension scores; unquestioningly 

accepting the sub-scales (dimensions) given (528, 529). Total scores from each 

dimension were then compared against normative data to categorise children into 

‘easy’, ‘difficult’ and ‘slow to warm up’ temperaments. Studies that have conducted 

factor analyses of the individual items were exploratory and were primarily 

concerned with shortening the RITQ and TTS for use in larger cohorts. For example, 

the STSI and STST from the factor analyses on the ATP cohort consisted of only 30 

items each which correspond to only five of the original nine dimensions of child 

temperament found in the RITQ and TTS (530). An earlier factor analysis by Bohlin 

and colleagues on 791 Swedish infants aged 11 to 41 weeks resulted in a seven factor 

questionnaire (531) while Rothbart and Mauro reported a six factor solution from 

data obtained from the ATP and 463 American infants aged 3 to 12 months old 

(532). A more recent analysis by Sasaki and colleagues on 1099 Japanese mothers 
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resulted in a RITQ questionnaire consisting of 57 items corresponding to seven 

dimensions of child temperament (533).  

 

It is clear from the literature that the factor structures of the RITQ and TTS differs 

between cohorts and culture. Cultural differences may lead to interpretational 

differences of the RITQ and TTS items due to differences in parenting approaches 

and cultural practices (534). Mothers’ expectations and beliefs concerning their 

children’s temperament (534, 535), environmental influences (536) and genetic 

factors (536) can all play a role in determining how mothers perceive their child 

temperament. Despite these weaknesses, mothers can be reliable observers with the 

added advantage of being able to observe their children in various situations that 

cannot be replicated in a laboratory setting (536). 

 

Although the CFAs for child irritability and reactivity conducted on the SAIDI 

cohort are limited in their interpretational value, they provide initial evidence for 

further examination of the individual items that are supposed to measure each 

dimensions proposed in the STSI and STST. Due to the global popularity of the use 

of RITQ and TTS (and their various abridged forms) for measurement of child 

temperament, population specific studies confirming the factor structure of each item 

measuring each dimensions of temperament should be considered. There is also 

strength and practicality in validating the structure of individual dimensions as it 

provides future researchers the option of adopting specific items measuring a 

dimension (eg: irritability, persistence, approach) of interest rather than adopting the 

entire STSI and STST questionnaires.  
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6.4 CONCLUSION 
 

Mothers in this study reported high levels of feeding self-efficacy and low levels of 

psychological distress. The measurement tool for maternal feeding self-efficacy at T1 

(5 items) and T2 (8 items) have good internal consistency and the CFA models for all 

its items fitted well. The K10 demonstrated good internal consistency at both time 

points but poor model fit for all 10 items. Adjustments through consideration of 

modification indices and the psychological dimensions of the K10 resulted in good 

fitting models for 6 items at T1 and T2.  The measurement tool for child irritability 

(4 items) and child reactivity (8 items) have poor internal consistency but the items 

measuring them fitted well into one factor models after removal of items with low 

item-total correlation values. This study is the first to validate the factor structure for 

the maternal feeding self-efficacy questionnaire used in the NEAT study and 

provides evidence for further research into the factor structures of the individual 

items making up the K10, child irritability dimension and child reactivity dimension 

from the STSI and STST questionnaires. 
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CHAPTER SEVEN: STRUCTURAL EQUATION MODELS 

 

This chapter reports the results of the structural equation modelling of the conceptual 

model proposed in this thesis. Results from the conceptual model at Time 1 were 

published (19) (Appendix 1) and referenced where appropriate. Results for the 

conceptual model at Time 2 were presented at the 2014 International Obesity 

Conference (537) (Appendix 1). This chapter ends with a discussion and conclusions 

of the results found from the models.  

 

7.1  THE MODEL AT T1 
 

Tables 7.1 and 7.2 list the factor loadings (ß), standardised errors (SE) and p values 

found for the conceptual model for child vegetable variety and fruit variety 

respectively. Effect size (R2) is also reported for endogenous variables.  

 

The conceptual model achieved good fits for both the variety of child vegetable 

intake and fruit intake (2/df<2, RMSEA <0.06, CFI >0.96, TLI>0.95, WRMR<0.90 

respectively). The model explained 13% and 14% in the variances for child fruit and 

vegetable varieties, but only the model for the variety of child vegetable intake 

showed significant relationships. To summarise, Figure 7.1 depicts the significant 

relationships found in the conceptual model for child vegetable variety. 

 

Parenting confidence (ß= 0.36, p<0.01), frequency of offering a new food before 

deciding child does not like it (ß= 0.40, p<0.01), how often offer new foods (ß= 0.26, 
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p<0.05) and child willingness to eat new foods (ß= 0.70, p<0.01) were significantly 

related to maternal feeding self-efficacy. Furthermore, the relationships between the 

variables ‘frequency of offering a new food before deciding child does not like it’ 

and ‘how often offer new foods’ with maternal self-efficacy were found to be bi-

directional.  

 

Maternal feeding self-efficacy (ß= 0.61, p<0.05) and total number of children (ß= -

0.50, p<0.01) are directly related to the variety of child vegetable intake while 

maternal psychological distress was found to be a significant predictor for maternal 

vegetable intake (ß= -0.31, p<0.01), parenting confidence (ß= -0.42, p<0.01), 

maternal frequency of offering a new food before deciding child does not like it (ß= -

0.26, p<0.05) and how often mothers offer new foods (ß= -0.14, p<0.001). 
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Table 7.1 Factor loadings (ß), standardised errors (SE), p values and effect sizes (R2) for the conceptual model for child vegetable variety at Time 1 

(n=277). 

Variable* ß SE p R2 

Exogenous variables:      

   Maternal education     - 

    → how often offer new foods 0.04 0.07 0.57  

 → frequency offering a new food before deciding child does not like it 0.12 0.07 0.08  

 → child age of introduction of solids 0.86 0.48 0.08  

 → child how willing to eat new foods 0.21 0.16 0.11  

 → child how easy to feed compared to other child of same age 0.03 0.03 0.42  

 → parenting confidence 0.03 0.05 0.55  

 → maternal psychological distress -0.08 0.14 0.57  

 → child irritability -0.09 0.06 0.12  

 → maternal vegetable intake 0.07 0.06 0.22  

 → maternal feeding self-efficacy 0.12 0.14 0.37  

 → child variety of vegetable intake 0.18 0.12 0.13  

   Maternal age     - 

    → how often offer new foods 0.01 0.02 0.74  

 → frequency offering a new food before deciding child does not like it -0.01 0.02 0.87  

 → age of introduction of solids 0.04 0.07 0.63  

 → child how willing to eat new foods 0.07 0.11 0.38  

 → child how easy to feed compared to other child of same age 0.02 0.36 0.77  

 → parenting confidence 0.01 0.02 0.81  

 → maternal psychological distress -0.09 0.05 0.06  

 → child irritability -0.01 0.02 0.31  

 → maternal vegetable intake 0.04 0.02 0.05  

 → maternal feeding self-efficacy 0.02 0.04 0.62  

 → child variety of vegetable intake 0.04 0.03 0.27  
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Table 7.1 continued. 

Variable* ß SE p R2 

Exogenous variables:      

   Maternal country of birth§     - 

    → how often offer new foods 0.01 0.13 0.44  

 → frequency offering a new food before deciding child does not like it 0.11 0.06 0.16  

 → age of introduction of solids 0.02 0.19 0.64  

 → child how willing to eat new foods -0.21 0.11 0.33  

 → child how easy to feed compared to other child of same age -0.01 0.08 0.67  

 → parenting confidence 0.13 0.02 0.12  

 → maternal psychological distress -0.10 0.23 0.33  

 → child irritability 0.11 0.34 0.14  

 → maternal vegetable intake -0.32 0.11 0.22  

 → maternal feeding self-efficacy 0.04 0.10 0.56  

 → child variety of vegetable intake 0.13 0.18 0.37  

   Total number of children     - 

 → child variety of vegetable intake -0.50 0.19 <0.01  

    → how often offer new foods -0.04 0.13 0.78  

 → frequency offering a new food before deciding child does not like it -0.11 0.13 0.41  

 → age of introduction of solids -0.19 0.34 0.11  

 → child how willing to eat new foods 0.10 0.03 0.36  

 → child how easy to feed compared to other child of same age -0.16 0.11 0.55  

 → parenting confidence -0.02 0.09 0.83  

 → maternal psychological distress 0.18 0.25 0.46  

 → child irritability 0.07 0.10 0.50  

 → maternal vegetable intake -0.02 0.16 0.77  

 → maternal feeding self-efficacy -0.05 0.23 0.82  
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Table 7.1 continued. 

Variable* ß SE p R2 

Exogenous variables:      

   Child gender€     - 

    → how often offer new foods 0.23 0.19 0.21  

 → frequency offering a new food before deciding child does not like it 0.20 0.18 0.26  

 → age of introduction of solids -0.86 1.35 0.52  

 → child how willing to eat new foods 0.25 0.17 0.15  

 → child how easy to feed compared to other child of same age -0.25 0.20 0.22  

 → parenting confidence 0.10 0.16 0.52  

 → maternal psychological distress -0.02 0.15 0.67  

 → child irritability -0.17 0.10 0.31  

 → maternal vegetable intake 0.01 0.22 0.77  

 → maternal feeding self-efficacy 0.23 0.05 0.31  

 → child variety of vegetable intake 0.10 0.23 0.16  

   Total family income     - 

 → how often offer new foods 0.22 0.19 0.30  

 → frequency offering a new food before deciding child does not like it 0.07 0.11 0.45  

 → age of introduction of solids -0.37 0.46 0.42  

 → parenting confidence -0.12 0.09 0.17  

 → maternal vegetable intake 0.08 0.11 0.33  

 → child how willing to eat new foods -0.03 0.10 0.76  

 → child how easy to feed compared to child of same age -0.01 0.11 0.92  

 → maternal feeding self-efficacy -0.13 0.19 0.48  

Endogenous variables:      

   Parenting confidence     0.16 

 →maternal feeding self-efficacy 0.36 0.26 <0.01  

 → how often offer new foods 0.23 0.10 0.43  

 → frequency offering a new food before deciding child does not like it 0.11 0.34 0.12  

 → age of introduction of solids 0.09 0.24 0.24  

 → child variety of vegetable intake 0.12 0.10 0.21  
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Table 7.1 continued. 

Variable* ß SE p R2 

Endogenous variables:      

    Maternal vegetable intake     0.14 

 → how often offer new foods 0.11 0.10 0.14  

 → frequency offering a new food before deciding child does not like it 0.14 0.08 0.06  

 → child age of introduction of solids 0.02 0.13 0.33  

 → parenting confidence 0.21 0.19 0.28  

 → maternal feeding self-efficacy 0.24 0.21 0.26  

 → child variety of vegetable intake 0.05 0.15 0.74  

   How often offer new foods     0.10 

 → maternal feeding self-efficacy 0.26 0.30 <0.05  

 → child how willing to eat new foods 0.29 0.12 0.55  

 → child how easy to feed compared to other child of same age 0.13 0.07 0.12  

 → child variety of vegetable intake 0.26 0.20 0.20  

   Frequency offering a new food     0.04 

   before deciding child does not  → maternal feeding self-efficacy 0.40 0.29 <0.01  

   like it → child how willing to eat new foods 0.33 0.12 0.49  

 → child how easy to feed compared to other child of same age 0.12 0.19 0.25  

 → child variety of vegetable intake 0.24 0.19 0.22  

   Child age of introduction of      0.02 

   solids → child how willing to eat new foods -0.20 0.28 0.10  

 → child how easy to feed compared to other child of same age 0.05 0.06 0.47  

 → maternal feeding self-efficacy 0.03 0.11 0.29  

 → child variety of vegetable intake 0.05 0.05 0.32  

 

 

 



  

216 

 

Table 7.1 continued. 

Variable* ß SE p R2 

Endogenous variables:      

   Child how willing to eat new     0.06 

   foods → maternal feeding self-efficacy 0.70 0.37 <0.01  

 → how often offer new foods 0.11 0.23 0.47  

 → frequency offering a new food before deciding child does not like it 0.21 0.09 0.13  

 → child age of introduction of solids 0.31 0.14 0.37  

 → child variety of vegetable intake 0.20 0.37 0.59  

    Maternal feeding self-efficacy     0.71 

 → how often offer new foods 0.64 0.06 <0.001  

 → frequency offering a new food before deciding child does not like it 0.52 0.06 <0.01  

 → child variety of vegetable intake 0.61 0.17 <0.05  

 → child age of introduction of solids 0.09 0.29 0.33  

 → child how willing to eat new foods 0.06 0.08 0.48  

 → child how easy to feed compared to other child of same age 0.17 0.11 0.11  

   Child how easy to feed     0.01 

   compared to other child of  → how often offer new foods 0.11 0.11 0.10  

   same age → frequency offering a new food before deciding child does not like it -0.05 0.01 0.62  

 → child variety of vegetable intake 0.14 0.10 0.10  

 → maternal feeding self-efficacy 0.31 0.26 0.09  

 → child age of introduction of solids 0.22 0.13 0.12  
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Table 7.1 continued. 

Variable* ß SE p R2 

Endogenous variables:     0.03 

   Maternal psychological distress      

 → how often offer new foods -0.14 0.04 <0.001  

 → frequency offering a new food before deciding child does not like it -0.26 0.04 <0.05  

 → parenting confidence -0.42 0.06 <0.01  

 → maternal vegetable intake -0.31 0.04 <0.01  

 → child age of introduction of solids -0.07 0.15 0.67  

 → child how willing to eat new foods -0.13 0.09 0.12  

 → child how easy to feed compared to other child of same age -0.01 0.04 0.92  

 → maternal feeding self-efficacy -0.08 0.09 0.34  

   Child irritability     0.03 

 → how often offer new foods -0.10 0.10 0.31  

 → frequency offering a new food before deciding child does not like it -0.23 0.09 0.66  

 → child age of introduction of solids -0.37 0.46 0.42  

 → child how willing to eat new foods -0.03 0.10 0.76  

 → child how easy to feed compared to other child of same age -0.01 0.11 0.92  

 → parenting confidence -0.12 0.09 0.17  

 → maternal vegetable intake -0.06 0.11 0.44  

 → maternal feeding self-efficacy -0.14 0.19 0.48  

Outcome variable:      

   Variety of child vegetable intake     0.14 

→ direction of relationship 

*higher score/ranking/numeral indicates higher agreement to the variable 
§ 1 – Not Australian born, 2- Australian born 
€ 1- Male, 2- Female 
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Figure 7.1 Significant relationships in the conceptual model for variety of child vegetable intake at Time 1 (n=277) (19). 

Maternal vegetable 

intake 

R2= 0.14 

Frequency offering new food before 

deciding child does not like it 

R2= 0.04 

How often offer new foods 

R2= 0.10 

Child willing to eat new foods 

R2= 0.06 

Variety of child 

vegetable intake 

R2= 0.14 

Total number of 

children 

Maternal 

psychological 

distress 

R2= 0.03 
Parenting 

confidence 

R2= 0.16 

Maternal feeding 

self-efficacy 

R2= 0.71 

Model fit indices: 

2/df =1.3, RMSEA= 0.03, CFI/TLI =0.98, 

WRMR =0.80. 

 

Significance for factor loadings: 

*p<0.05, **p<0.01, ***p<0.001 

 

            Measured/Observed variable 

 

            Latent variable 

 

            Direction of relationship 

-0.31** 



  

219 

 

Table 7.2 Factor loadings (ß), standardised errors (SE), p values and effect sizes (R2) for the conceptual model for child fruit variety at Time 1 

(n=277). 

Variable* ß SE p R2 

Exogenous variables:      

   Maternal education     - 

    → how often offer new foods 0.04 0.07 0.58  

 → frequency offering a new food before deciding child does not like it 0.12 0.07 0.08  

 → child age of introduction of solids 0.10 0.05 0.16  

 → child how willing to eat new foods 0.07 0.12 0.33  

 → child how easy to feed compared to other child of same age 0.01 0.01 0.89  

 → parenting confidence 0.05 0.12 0.52  

 → maternal psychological distress -0.03 0.29 0.91  

 → child irritability -0.01 0.11 0.81  

 → maternal fruit intake 0.10 0.06 0.08  

 → maternal feeding self-efficacy 0.23 0.14 0.12  

 → child variety of fruit intake -0.01 0.04 0.80  

   Maternal age     - 

    → how often offer new foods 0.01 0.02 0.72  

 → frequency offering a new food before deciding child does not like it 0.01 0.02 0.99  

 → age of introduction of solids 0.14 0.09 0.06  

 → child how willing to eat new foods 0.11 0.05 0.11  

 → child how easy to feed compared to other child of same age 0.29 0.11 0.39  

 → parenting confidence 0.02 0.11 0.77  

 → maternal psychological distress -0.08 0.06 0.15  

 →child irritability -0.01 0.10 0.63  

 → maternal fruit intake 0.04 0.02 0.10  

 → maternal feeding self-efficacy 0.02 0.04 0.64  

 → child variety of fruit intake 0.03 0.01 0.10  
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Table 7.2 continued. 

Variable* ß SE p R2 

Exogenous variables:      

   Maternal country of birth§     - 

    → how often offer new foods 0.03 0.21 0.68  

 → frequency offering a new food before deciding child does not like it 0.14 0.03 0.07  

 → age of introduction of solids 0.11 0.09 0.13  

 → child how willing to eat new foods 0.07 0.01 0.31  

 → child how easy to feed compared to other child of same age 0.10 0.06 0.22  

 → parenting confidence 0.01 0.01 0.99  

 → maternal psychological distress 0.02 0.11 0.69  

 → child irritability -0.01 0.03 0.74  

 → maternal fruit intake 0.13 0.06 0.07  

 → maternal feeding self-efficacy 0.05 0.12 0.41  

 → child variety of fruit intake 0.01 0.30 0.49  

   Total number of children     - 

 → child variety of fruit intake -0.14 0.07 0.06  

    → how often offer new foods -0.04 0.13 0.77  

 → frequency offering a new food before deciding child does not like it -0.11 0.03 0.12  

 → age of introduction of solids -0.02 0.31 0.22  

 → child how willing to eat new foods 0.12 0.01 0.09  

 → child how easy to feed compared to other child of same age 0.09 0.15 0.11  

 → parenting confidence 0.11 0.06 0.21  

 → maternal psychological distress 0.04 0.33 0.90  

 →child irritability 0.01 0.09 0.78  

 → maternal fruit intake 0.01 0.01 0.99  

 → maternal feeding self-efficacy -0.17 0.25 0.49  

 

 

 



  

221 

 

Table 7.2 continued. 

Variable* ß SE p R2 

Exogenous variables:      

   Child gender€     - 

    → how often offer new foods 0.25 0.19 0.19  

 → frequency offering a new food before deciding child does not like it 0.17 0.17 0.32  

 → age of introduction of solids -0.03 0.11 0.77  

 → child how willing to eat new foods 0.27 0.19 0.15  

 → child how easy to feed compared to other child of same age 0.26 0.21 0.21  

 → parenting confidence 0.08 0.10 0.23  

 → maternal psychological distress -0.01 0.23 0.11  

 → child irritability -0.05 0.11 0.63  

 → maternal fruit intake 0.12 0.01 0.55  

 → maternal feeding self-efficacy -0.38 0.38 0.32  

 → child variety of fruit intake 0.13 0.02 0.16  

    Total family income     - 

     → how often offer new foods 0.06 0.13 0.44  

 → frequency offering a new food before deciding child does not like it 0.12 0.01 0.69  

 → age of introduction of solids 0.01 0.01 0.98  

 → parenting confidence 0.20 0.07 0.09  

 → maternal fruit intake 0.06 0.02 0.32  

 → child how willing to eat new foods 0.03 0.14 0.14  

 → child how easy to feed compared to child of same age 0.09 0.01 0.11  

 → maternal feeding self-efficacy 0.11 0.23 0.12  

Endogenous variables:      

   Parenting confidence     0.25 

 →maternal feeding self-efficacy 0.98 0.91 0.28  

 → how often offer new foods 0.13 0.11 0.56  

 → frequency offering a new food before deciding child does not like it 0.07 0.01 0.88  

 → age of introduction of solids -0.23 0.14 0.67  

 → child variety of fruit intake 0.09 0.15 0.45  
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Table 7.2 continued. 

Variable* ß SE p R2 

Endogenous variables:      

    Maternal fruit intake     0.08 

 → how often offer new foods 0.01 0.03 0.89  

 → frequency offering a new food before deciding child does not like it 0.15 0.06 0.12  

 → child age of introduction of solids -0.12 0.01 0.07  

 → parenting confidence 0.03 0.02 0.79  

 → maternal feeding self-efficacy 0.22 0.21 0.29  

 → child variety of fruit intake 0.10 0.06 0.08  

   How often offer new foods     0.10 

 → maternal feeding self-efficacy 0.57 0.31 0.07  

 → child how willing to eat new foods 0.11 0.02 0.11  

 → child how easy to feed compared to other child of same age 0.10 0.11 0.26  

 → child variety of fruit intake 0.13 0.07 0.07  

   Frequency offering a new food before     0.10 

   deciding child does not like it → maternal feeding self-efficacy 0.03 0.34 0.05  

 → child how willing to eat new foods 0.23 0.11 0.21  

 → child how easy to feed compared to other child of same age 0.09 0.05 0.09  

 → child variety of fruit intake 0.01 0.08 0.97  

   Child age of introduction of solids     0.02 

 → child how willing to eat new foods -0.07 0.01 0.10  

 → child how easy to feed compared to other child of same age -0.02 0.03 0.47  

 → maternal feeding self-efficacy -0.10 0.10 0.25  

 → child variety of fruit intake 0.03 0.01 0.05  
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Table 7.2 continued. 

Variable* ß SE p R2 

Endogenous variables:      

   Child how willing to eat new foods     0.34 

 → maternal feeding self-efficacy 0.24 0.44 0.06  

 → how often offer new foods -0.06 0.04 0.32  

 → frequency offering a new food before deciding child does not like it -0.01 0.01 0.88  

 → child age of introduction of solids -0.16 0.12 0.11  

 → child variety of fruit intake 0.03 0.13 0.82  

    Maternal feeding self-efficacy     0.66 

 → how often offer new foods 0.27 0.06 0.05  

 → frequency offering a new food before deciding child does not like it 0.23 0.06 0.06  

 → child variety of fruit intake 0.12 0.06 0.07  

 → child age of introduction of solids -0.11 0.03 0.12  

 → child how willing to eat new foods 0.11 0.10 0.24  

 → child how easy to feed compared to other child of same age 0.13 0.11 0.21  

   Child how easy to feed compared to     0.32 

   other child of same age → how often offer new foods 0.12 0.08 0.10  

 → frequency offering a new food before deciding child does not like it -0.03 0.03 0.78  

 → child variety of fruit intake 0.01 0.09 0.97  

 → maternal feeding self-efficacy 0.52 0.27 0.05  

 → child age of introduction of solids -0.02 0.03 0.47  
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Table 7.2 continued. 

Variable* ß SE p R2 

Endogenous variables:      

   Maternal psychological distress     0.04 

 → how often offer new foods -0.05 0.03 0.18  

 → frequency offering a new food before deciding child does not like it -0.10 0.05 0.06  

 → parenting confidence -0.23 0.21 0.29  

 → maternal fruit intake -0.05 0.03 0.17  

 → child age of introduction of solids -0.11 0.07 0.09  

 → child how willing to eat new foods -0.01 0.11 0.68  

 → child how easy to feed compared to other child of same age -0.01 0.04 0.82  

 → maternal feeding self-efficacy -0.04 0.08 0.11  

   Child irritability     0.23 

 → how often offer new foods -0.11 0.07 0.11  

 → frequency offering a new food before deciding child does not like it -0.03 0.01 0.88  

 → child age of introduction of solids -0.02 0.11 0.56  

 → child how willing to eat new foods -0.07 0.11 0.49  

 → child how easy to feed compared to other child of same age -0.02 0.12 0.90  

 → parenting confidence -0.48 0.43 0.26  

 → maternal vegetable intake -0.01 0.13 0.88  

 → maternal feeding self-efficacy -0.10 0.23 0.66  

Outcome variable:      

   Variety of child fruit intake     0.13 

→ direction of relationship 

*higher score/ranking/numeral indicates higher agreement to the variable 
§ 1 – Not Australian born, 2- Australian born 
€ 1- Male, 2- Female 
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7.2 THE MODEL AT T2 
 

Tables 7.3 and 7.4 list the results from the SEM of the conceptual model at Time 2.  

The conceptual model achieved good fits for both the variety of child vegetable 

intake and fruit intake (2/df<2, RMSEA <0.06, CFI >0.96, TLI>0.95, WRMR<0.90 

respectively). The model explained 9% and 25% in the variances for child fruit and 

vegetable varieties, but the model for the variety of child fruit intake showed only 

one significant relationship where maternal fruit intake predicted the variety of child 

fruit intake (β= 0.31, p<0.05). To summarise, Figure 7.2 depicts the significant 

relationships found in the conceptual model for child vegetable variety. 

 

Maternal psychological distress (β=-0.52, p<0.05), parenting confidence (β= 0.46, 

p<0.001), child willingness to eat new foods (β= 0.55, p<0.001) and maternal 

vegetable intake (β=0.41, p<0.01) significantly predicted maternal feeding self-

efficacy. Maternal feeding self-efficacy was indirectly related to the variety in child 

vegetable variety through the variable ‘how often offer new foods’ (β=0.65, p<0.01) 

while maternal vegetable intake directly predicted the variety in child vegetable 

intake (β= 0.88, p<0.01). Consistent with the result from T1, total number of children 

(β= -1.0, p<0.001) directly predicted child vegetable variety.  
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Table 7.3 Factor loadings (ß), standardised errors (SE), p values and effect sizes (R2) for the conceptual model for child vegetable  

variety at Time 2 (n=208). 

Variable* ß SE p R2 

Exogenous variables:      

   Maternal education     - 

    → how often offer new foods 0.03 0.07 0.64  

 → frequency offering a new food before deciding child does not like it 0.10 0.06 0.09  

 → child age of introduction of solids 0.01 0.07 0.99  

 → child how willing to eat new foods 0.03 0.02 0.69  

 → child how easy to feed compared to other child of same age 0.01 0.12 0.78  

 → parenting confidence 0.05 0.22 0.81  

 → maternal psychological distress -0.02 0.22 0.90  

 → child reactivity -0.19 0.10 0.12  

 → maternal vegetable intake 0.12 0.07 0.07  

 → maternal feeding self-efficacy 0.01 0.10 0.97  

 → child variety of vegetable intake 0.11 0.15 0.46  

   Maternal age     - 

    → how often offer new foods 0.01 0.02 0.87  

 → frequency offering a new food before deciding child does not like it 0.02 0.02 0.24  

 → age of introduction of solids 0.09 0.03 0.56  

 → child how willing to eat new foods 0.01 0.01 0.89  

 → child how easy to feed compared to other child of same age 0.05 0.11 0.36  

 → parenting confidence 0.03 0.10 0.74  

 → maternal psychological distress -0.02 0.09 0.67  

 →child reactivity -0.09 0.02 0.10  

 → maternal vegetable intake 0.05 0.02 0.09  

 → maternal feeding self-efficacy 0.1 0.03 0.54  

 → child variety of vegetable intake 0.02 0.04 0.72  
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Table 7.3 continued. 

Variable* ß SE p R2 

Exogenous variables:      

   Maternal country of birth§     - 

    → how often offer new foods 0.01 0.11 0.79  

 → frequency offering a new food before deciding child does not like it 0.10 0.03 0.11  

 → age of introduction of solids 0.01 0.06 0.69  

 → child how willing to eat new foods 0.03 0.02 0.77  

 → child how easy to feed compared to other child of same age 0.07 0.01 0.32  

 → parenting confidence 0.01 0.10 0.81  

 → maternal psychological distress -0.13 0.12 0.10  

 → child reactivity -0.01 0.03 0.89  

 → maternal vegetable intake -0.05 0.01 0.46  

 → maternal feeding self-efficacy 0.16 0.05 0.09  

 → child variety of vegetable intake 0.11 0.23 0.35  

   Total number of children     - 

 → child variety of vegetable intake -1.00 0.26 <0.001  

    → how often offer new foods 0.01 0.10 0.94  

 → frequency offering a new food before deciding child does not like it -0.09 0.11 0.43  

 → age of introduction of solids -0.11 0.05 0.32  

 → child how willing to eat new foods 0.02 0.02 0.88  

 → child how easy to feed compared to other child of same age 0.10 0.07 0.36  

 → parenting confidence 0.35 0.30 0.25  

 → maternal psychological distress 0.06 0.32 0.75  

 →child reactivity 0.25 0.18 0.26  

 → maternal vegetable intake 0.01 0.01 0.99  

 → maternal feeding self-efficacy 0.20 0.12 0.39  
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Table 7.3 continued. 

Variable* ß SE p R2 

Exogenous variables:      

   Child gender€     - 

    → how often offer new foods 0.22 0.18 0.21  

 → frequency offering a new food before deciding child does not like it 0.06 0.18 0.73  

 → age of introduction of solids -0.13 0.10 0.36  

 → child how willing to eat new foods 0.02 0.01 0.86  

 → child how easy to feed compared to other child of same age -0.13 0.18 0.47  

 → parenting confidence 0.16 0.43 0.71  

 → maternal psychological distress 0.01 0.01 0.99  

 → child reactivity -0.34 0.25 0.25  

 → maternal vegetable intake 0.03 0.05 0.56  

 → maternal feeding self-efficacy -0.05 0.23 0.76  

 → child variety of vegetable intake 0.13 0.10 0.12  

   Total family income     - 

 → how often offer new foods 0.06 0.02 0.56  

 → frequency offering a new food before deciding child does not like it 0.01 0.07 0.77  

 → age of introduction of solids 0.06 0.10 0.45  

 → parenting confidence 0.08 0.01 0.32  

 → maternal vegetable intake 0.01 0.12 0.86  

 → child how willing to eat new foods 0.02 0.01 0.89  

 → child how easy to feed compared to child of same age 0.07 0.10 0.45  

 → maternal feeding self-efficacy 0.16 0.10 0.08  

Endogenous variables:      

   Parenting confidence     0.29 

 → maternal feeding self-efficacy 0.46 0.18 <0.001  

 → how often offer new foods 0.12 0.10 0.23  

 → frequency offering a new food before deciding child does not like it 0.05 0.01 0.76  

 → age of introduction of solids 0.02 0.01 0.89  

 → child variety of vegetable intake 0.11 0.01 0.19  
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Table 7.3 continued. 

Variable* ß SE p R2 

Endogenous variables:      

    Maternal vegetable intake     0.10 

 → maternal feeding self-efficacy 0.41 0.14 <0.01  

 → child variety of vegetable intake 0.88 0.23 <0.001  

 → how often offer new foods 0.10 0.03 0.56  

 → frequency offering a new food before deciding child does not like it 0.03 0.01 0.75  

 → child age of introduction of solids 0.01 0.12 0.79  

 → parenting confidence 0.07 0.15 0.56  

   How often offer new foods     0.11 

 → maternal feeding self-efficacy 0.65 0.32 <0.01  

 → child variety of vegetable intake 0.86 0.29 <0.01  

 → child how willing to eat new foods 0.23 0.19 0.12  

 → child how easy to feed compared to other child of same age 0.06 0.01 0.49  

   Frequency offering a new food before     0.05 

   deciding child does not like it → maternal feeding self-efficacy 0.15 0.16 0.18  

 → child how willing to eat new foods 0.05 0.09 0.45  

 → child how easy to feed compared to other child of same age 0.01 0.07 0.78  

 → child variety of vegetable intake 0.31 0.18 0.09  

   Child age of introduction of solids     0.01 

 → child how willing to eat new foods -0.01 0.03 0.77  

 → child how easy to feed compared to other child of same age 0.01 0.02 0.65  

 → maternal feeding self-efficacy 0.03 0.12 0.33  

 → child variety of vegetable intake 0.05 0.06 0.34  
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Table 7.3 continued. 

Variable* ß SE p R2 

Endogenous variables:      

   Child how willing to eat new foods     0.08 

 → maternal feeding self-efficacy 0.55 0.19 <0.001  

 → how often offer new foods -0.11 0.05 0.23  

 → frequency offering a new food before deciding child does not like it -0.02 0.02 0.59  

 → child age of introduction of solids -0.20 0.13 0.07  

 → child variety of vegetable intake 0.45 0.26 0.09  

    Maternal feeding self-efficacy     0.54 

 → how often offer new foods 0.69 0.10 <0.001  

 → frequency offering a new food before deciding child does not like it 0.03 0.08 0.79  

 → child variety of vegetable intake 0.30 0.18 0.23  

 → child age of introduction of solids 0.11 0.07 0.32  

 → child how willing to eat new foods 0.07 0.10 0.66  

 → child how easy to feed compared to other child of same age 0.36 0.11 0.07  

   Child how easy to feed compared to     0.11 

   other child of same age → how often offer new foods -0.06 0.10 0.55  

 → frequency offering a new food before deciding child does not like it -0.16 0.25 0.48  

 → child variety of vegetable intake 0.16 0.23 0.06  

 → maternal feeding self-efficacy 0.14 0.14 0.15  

 → child age of introduction of solids -0.11 0.01 0.09  
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→ direction of relationship 

*higher score/ranking/numeral indicates higher agreement to the variable 
§ 1 – Not Australian born, 2- Australian born 
€ 1- Male, 2- Female 

 

Table 7.3 continued. 

Variable* ß SE p R2 

Endogenous variables:      

   Maternal psychological distress     0.05 

 → maternal self-efficacy -0.52 0.08 <0.05  

 → how often offer new foods 0.12 0.06 0.23  

 → frequency offering a new food before deciding child does not like it -0.16 0.06 0.12  

 → parenting confidence -0.25 0.12 0.08  

 → maternal vegetable intake -0.18 0.06 0.11  

 → child age of introduction of solids -0.03 0.10 0.68  

 → child how willing to eat new foods -0.06 0.02 0.56  

 → child how easy to feed compared to other child of same age -0.04 0.05 0.67  

   Child reactivity     0.24 

 → how often offer new foods -0.10 0.09 0.59  

 → frequency offering a new food before deciding child does not like it -0.03 0.05 0.76  

 → child age of introduction of solids -0.03 0.02 0.79  

 → child how willing to eat new foods -0.22 0.16 0.10  

 → child how easy to feed compared to other child of same age -0.08 0.13 0.47  

 → parenting confidence -0.11 0.01 0.15  

 → maternal vegetable intake -0.01 0.05 0.88  

 → maternal feeding self-efficacy -0.26 0.21 0.05  

Outcome variable:      

   Variety of child vegetable intake     0.25 
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-0.52* 

0.46*** 

0.55*** 

0.41** 
0.88** -1.0*** 

0.86** 0.69*** 

0.65** 

Model fit indices: 

2/df =1.5, RMSEA= 0.05, CFI/TLI =0.97, 

WRMR =0.89. 

 

Significance for factor loadings: 

*p<0.05, **p<0.01, ***p<0.001 

 

            Measured/Observed variable 

 

            Latent variable 

 

            Direction of relationship 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.2 Significant relationships in the conceptual model for variety of child vegetable intake at Time 2 (n=208). 
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Table 7.4 Factor loadings (ß), standardised errors (SE), p values and effect sizes (R2) for the conceptual model for child fruit variety at Time 2 

(n=208). 

Variable* ß SE p R2 

Exogenous variables:      

   Maternal education     - 

    → how often offer new foods 0.06 0.01 0.48  

 → frequency offering a new food before deciding child does not like it 0.01 0.02 0.89  

 → child age of introduction of solids 0.11 0.16 0.25  

 → child how willing to eat new foods 0.03 0.01 0.76  

 → child how easy to feed compared to other child of same age 0.09 0.10 0.44  

 → parenting confidence 0.15 0.10 0.07  

 → maternal psychological distress -0.04 0.22 0.88  

 → child reactivity -0.17 0.11 0.13  

 → maternal fruit intake 0.10 0.05 0.36  

 → maternal feeding self-efficacy 0.05 0.10 0.67  

 → child variety of fruit intake 0.09 0.11 0.40  

   Maternal age     - 

    → how often offer new foods 0.01 0.02 0.81  

 → frequency offering a new food before deciding child does not like it 0.02 0.02 0.28  

 → age of introduction of solids 0.03 0.05 0.66  

 → child how willing to eat new foods 0.01 0.01 0.99  

 → child how easy to feed compared to other child of same age 0.03 0.02 0.65  

 → parenting confidence 0.04 0.10 0.69  

 → maternal psychological distress 0.05 0.01 0.38  

 →child reactivity -0.07 0.02 0.09  

 → maternal fruit intake 0.04 0.02 0.08  

 → maternal feeding self-efficacy 0.01 0.03 0.95  

 → child variety of fruit intake 0.04 0.03 0.17  
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Table 7.4 continued. 

Variable* ß SE p R2 

Exogenous variables:      

   Maternal country of birth§     - 

    → how often offer new foods 0.05 0.01 0.86  

 → frequency offering a new food before deciding child does not like it 0.01 0.01 0.99  

 → age of introduction of solids 0.07 0.05 0.76  

 → child how willing to eat new foods 0.02 0.02 0.69  

 → child how easy to feed compared to other child of same age 0.01 0.01 0.89  

 → parenting confidence 0.10 0.02 0.23  

 → maternal psychological distress 0.16 0.12 0.23  

 → child reactivity -0.02 0.05 0.77  

 → maternal fruit intake 0.15 0.01 0.10  

 → maternal feeding self-efficacy 0.09 0.12 0.49  

 → child variety of fruit intake 0.10 0.01 0.35  

   Total number of children     - 

 → child variety of fruit intake -0.22 0.19 0.11  

    → how often offer new foods -0.01 0.10 0.91  

 → frequency offering a new food before deciding child does not like it -0.09 0.11 0.42  

 → age of introduction of solids -0.03 0.02 0.45  

 → child how willing to eat new foods 0.11 0.06 0.29  

 → child how easy to feed compared to other child of same age 0.03 0.01 0.56  

 → parenting confidence 0.36 0.30 0.23  

 → maternal psychological distress 0.06 0.32 0.85  

 →child reactivity 0.20 0.19 0.29  

 → maternal fruit intake 0.03 0.02 0.69  

 → maternal feeding self-efficacy -0.20 0.17 0.22  
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Table 7.4 continued. 

Variable* ß SE p R2 

Exogenous variables:      

   Child gender€     - 

    → how often offer new foods 0.23 0.17 0.17  

 → frequency offering a new food before deciding child does not like it 0.06 0.18 0.74  

 → age of introduction of solids -0.14 0.24 0.58  

 → child how willing to eat new foods 0.27 0.18 0.13  

 → child how easy to feed compared to other child of same age -0.11 0.19 0.57  

 → parenting confidence 0.14 0.44 0.76  

 → maternal psychological distress 0.01 0.01 0.38  

 → child reactivity -0.30 0.26 0.25  

 → maternal fruit intake 0.04 0.03 0.56  

 → maternal feeding self-efficacy 0.11 0.09 0.39  

 → child variety of fruit intake 0.08 0.03 0.19  

    Total family income     - 

     → how often offer new foods 0.03 0.03 0.69  

 → frequency offering a new food before deciding child does not like it 0.01 0.01 0.56  

 → age of introduction of solids 0.09 0.02 0.49  

 → parenting confidence 0.18 0.11 0.09  

 → maternal fruit intake 0.03 0.01 0.79  

 → child how willing to eat new foods 0.05 0.01 0.88  

 → child how easy to feed compared to child of same age 0.04 0.02 0.36  

 → maternal feeding self-efficacy 0.18 0.15 0.11  

Endogenous variables:      

   Parenting confidence     0.27 

 → maternal feeding self-efficacy 0.67 0.20 0.07  

 → how often offer new foods 0.22 0.13 0.26  

 → frequency offering a new food before deciding child does not like it 0.11 0.02 0.55  

 → age of introduction of solids 0.02 0.02 0.84  

 → child variety of fruit intake 0.31 0.11 0.10  
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Table 7.4 continued. 

Variable* ß SE p R2 

Endogenous variables:      

    Maternal fruit intake     0.07 

 → child variety of fruit intake 0.31 0.14 <0.05  

 → how often offer new foods 0.07 0.01 0.49  

 → frequency offering a new food before deciding child does not like it 0.06 0.05 0.33  

 → child age of introduction of solids 0.01 0.03 0.65  

 → parenting confidence 0.17 0.15 0.16  

 → maternal feeding self-efficacy 0.18 0.14 0.20  

   How often offer new foods     0.01 

 → maternal feeding self-efficacy 0.75 0.29 0.06  

 → child how willing to eat new foods 0.11 0.03 0.29  

 → child how easy to feed compared to other child of same age 0.02 0.02 0.91  

 → child variety of fruit intake 0.06 0.18 0.72  

   Frequency offering a new food before  

   deciding child does not like it 

    0.02 

 → maternal feeding self-efficacy 0.38 0.19 0.06  

 → child how willing to eat new foods 0.15 0.10 0.23  

 → child how easy to feed compared to other child of same age 0.06 0.07 0.49  

 → child variety of fruit intake 0.04 0.14 0.80  

   Child age of introduction of solids     0.02 

 → child how willing to eat new foods -0.01 0.03 0.73  

 → child how easy to feed compared to other child of same age 0.02 0.02 0.53  

 → maternal feeding self-efficacy 0.07 0.05 0.36  

 → child variety of fruit intake 0.01 0.04 0.98  
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Table 7.4 continued. 

Variable* ß SE p R2 

Endogenous variables:      

   Child how willing to eat new foods     0.03 

 → maternal feeding self-efficacy 0.51 0.23 0.06  

 → how often offer new foods -0.18 0.10 0.39  

 → frequency offering a new food before deciding child does not like it -0.07 0.05 0.78  

 → child age of introduction of solids -0.25 0.12 0.11  

 → child variety of fruit intake 0.33 0.18 0.06  

    Maternal feeding self-efficacy     0.51 

 → how often offer new foods 0.40 0.10 0.06  

 → frequency offering a new food before deciding child does not like it -0.09 0.09 0.29  

 → child variety of fruit intake 0.08 0.14 0.57  

 → child age of introduction of solids 0.02 0.03 0.79  

 → child how willing to eat new foods 0.17 0.06 0.15  

 → child how easy to feed compared to other child of same age 0.28 0.12 0.07  

   Child how easy to feed compared to     0.03 

   other child of same age → how often offer new foods 0.06 0.02 0.49  

 → frequency offering a new food before deciding child does not like it 0.14 0.07 0.21  

 → child variety of fruit intake 0.26 0.19 0.17  

 → maternal feeding self-efficacy 0.13 0.16 0.41  

 → child age of introduction of solids 0.02 0.05 0.50  
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Table 7.4 continued. 
Variable* ß SE p R2 

Endogenous variables:      

   Maternal psychological distress     0.04 

 → how often offer new foods -0.04 0.05 0.43  

 → frequency offering a new food before deciding child does not like it -0.11 0.06 0.08  

 → parenting confidence -0.29 0.13 0.06  

 → maternal fruit intake -0.09 0.06 0.09  

 → child age of introduction of solids -0.05 0.01 0.66  

 → child how willing to eat new foods -0.06 0.01 0.49  

 → child how easy to feed compared to other child of same age -0.03 0.05 0.62  

 → maternal feeding self-efficacy -0.13 0.09 0.14  

   Child reactivity     0.21 

 → how often offer new foods -0.14 0.07 0.30  

 → frequency offering a new food before deciding child does not like it -0.21 0.15 0.11  

 → child age of introduction of solids -0.06 0.02 0.70  

 → child how willing to eat new foods -0.14 0.11 0.23  

 → child how easy to feed compared to other child of same age -0.10 0.13 0.44  

 → parenting confidence -0.38 0.28 0.77  

 → maternal fruit intake -0.11 0.09 0.69  

 → maternal feeding self-efficacy 0.43 0.22 0.06  

Outcome variable:      

   Variety of child fruit intake     0.09 

→ direction of relationship 

*higher score/ranking/numeral indicates higher agreement to the variable 
§ 1 – Not Australian born, 2- Australian born 
€ 1- Male, 2- Female
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7.3  DISCUSSION 
 

This study shows how maternal feeding self-efficacy is directly and indirectly related 

to vegetable variety consumed by children aged 4 to 18 months. At T1, maternal self-

efficacy directly related to child vegetable variety (β=0.61, p<0.05) while at T2, it is 

indirectly related to child vegetable variety via its association with how often 

mothers offered novel foods to their children (β=0.69, p<0.001). This supports the 

findings from past studies that maternal feeding self-efficacy is a significant 

predictor of child fruit and vegetable consumption (63, 302, 303).  

 

Parenting confidence, how often mothers offered novel foods and child willingness 

to eat new foods consistently predicted maternal feeding self-efficacy at both time 

points. At T1, child willingness to eat new foods (β=0.70, p<0.01) is the strongest 

predictor of maternal feeding self-efficacy, followed by child’s frequency of 

exposure to new foods (β= 0.40, p<0.01), parenting confidence (β=0.36, p<0.01) and 

lastly, by how often mothers offer new foods to their children (β=0.26, p<0.05). This 

is consistent with the literature on child feeding at the weaning period where food 

neophobia and repeated exposure to a new food are considered as the two most 

important determinants of child food acceptance (35).   

 

Food neophobia is arguably the strongest psychological barrier to the acquisition of 

variety in children’s diet (538). Mothers with food neophobic children were shown to 

use more restriction (539), pressuring (80) and controlling (540) feeding practices 

which may impact negatively on children’s fruit and vegetable intakes (80, 540). The 
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findings from this thesis expands on the current knowledge base to show that 

maternal feeding self-efficacy can potentially be the missing link to explain the 

relationship between child food neophobic behaviour and maternal feeding practices. 

Children’s rejection or reluctance to eat new foods may have modified mothers’ 

sense of feeding competency which then leads to mothers resorting to feeding 

practices that are known to be detrimental towards children’s dietary (80, 541) and 

weight outcomes (70, 542).  

 

For instance, in an American study published in 2012, Tan and Holub studied 85 

mothers of 3-to 12-year old children about food neophobia and maternal feeding 

practices (539). They found that mothers with highly neophobic children and who are 

food neophobic themselves used more restrictive child feeding practices (r =0.36, 

p<0.01 and r = 0.24, p<0.05) respectively) (539). In an Italian study published in the 

same year (n=127 mother-child dyads), preschoolers’ neophobia was found to be 

significantly correlated to both their mothers’ food neophobia (r = 0.22, p<0.05) and 

pickiness (r = 0.21, p<0.05) (543). Picky children had mothers who ate unfamiliar 

foods and offered unfamiliar foods less frequently than mothers of less picky 

children (median = 2.7 ± 0.8 versus 3.04 ± 0.7, p<0.05 and median = 2.93 ± 0.75 

versus 3.19 ± 0.63, p<0.05 respectively) (543). Moreover, mothers’ food neophobia 

was shown to be related to their personality characteristics (539). Clearly, the 

development of child eating behaviours involve a complex interplay of genetics and 

environment which may be explained through maternal feeding self-efficacy. 

A key strategy to modify children’s neophobic food behaviour is to increase 

children’s familiarity towards novel foods through the role of food exposure (24). 

There are two variables included in the SEM models that measured exposure:- 
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frequency of offering a new food before deciding child does not like it, and how 

often new foods were offered. Although both measure exposure, they are 

conceptually different; the former measuring repeated exposure to a new food while 

the later measuring the number of opportunities children had to taste a variety of new 

foods. Both repeated exposure and variety of exposure to new foods have been 

shown to be predictive of child food acceptance (35).  

 

Interestingly, in this thesis, repeated exposure to a new food is found to be related to 

maternal feeding self-efficacy only at T1 while how often mothers offered new foods 

to their children was related to maternal feeding self-efficacy at both time points. 

From the literature, repeated exposure of a new food is more effective in younger 

children than in older children with established food preference (274). This may 

explain why repeated exposure is a significant predictor in the model at T1 and not at 

T2.   

 

Findings in this thesis show that the frequency of being exposed to a variety of new 

foods can directly (T2) and indirectly (T1) predict children’s vegetable variety. 

Although variety is a known predictor of children’s fruit and vegetable intakes in 

older children (269-272), evidence for the role of variety in early exposure on 

children’s diet is mostly limited to experimental studies (265-268). A most recent 

study by Maier-Noth et al examined the role of vegetable variety at weaning in 

predicting children’s vegetable preference and intake at 15 months, 3 and 6 years 

using data obtained from an experimental cohort study (275). They reported children 

who had high vegetable variety at the start of weaning ate more new vegetables and 

liked them more at each time points (275). The results from this thesis complements 
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the findings from the Maier-Noth et al study by showing how higher levels of 

maternal feeding self-efficacy predicted more frequent child exposure to a new food 

and to a variety of new foods, and that these relationships are reciprocal.  

 

At both time points, maternal psychological distress and parenting confidence played 

significant roles in predicting child vegetable variety, especially at T1 where 

maternal psychological distress was found to negatively predict all significant 

maternal factors (parenting confidence, repeated exposure, variety of exposure, 

vegetable intake). This is expected considering mothers who are more distressed are 

more self-preoccupied and therefore unable or unwilling to respond to their 

children’s needs (326). Mothers who are distressed may also report negative 

behaviours due to the role of negative affectivity (544-546). Therefore, caution is 

required in interpreting the results. Importantly, the results from this thesis show that 

mothers who were less distressed have higher sense of parenting confidence and 

were more likely to offer a new food more frequently and with greater variety which 

then predicted greater sense of feeding self-efficacy and subsequently variety in child 

vegetable intake. This highlights the importance of addressing maternal 

psychological health as a modifiable determinant of child vegetable intake and 

possibly other child health outcomes. Therefore, health professionals should be 

trained to identify symptoms of distress in mothers and to provide support to mothers 

who are distressed as a strategy to increase child vegetable intakes.  

 

Although the literature suggests that maternal intake is a consistent predictor of 

children’s intake (359), this is only observed at T2. The absence in the link between 

maternal vegetable intake and children’s vegetable intake at T1 may be due to the 
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young age of children and the fact that children at T1 had just started eating solids 

and therefore, do not have an established diet. The relationship between maternal and 

child food intake was also found in the literature to be generally weaker in young 

children and stronger in older children (23). In this thesis, maternal vegetable intake 

is found to be the second strongest predictor of child vegetable variety at T2 (β=0.88, 

p<0.05).  Maternal fruit intake was also found to be a significant predictor of child 

fruit variety at T2 (β=0.31, p<0.05), though the structural model for fruit intake was 

not well fitted at both time points. This shows that mothers can influence children’s 

fruit and vegetable intakes through their own fruit and vegetable intakes and that 

interventions that target  increasing fruit and vegetable intakes in mothers can 

potentially benefit children’s intakes as well.  

 

The variable that directly and consistently predicted children’s variety in vegetable 

intake was mother’s parity. Interestingly, this variable is also found in the literature 

to be associated with poor child diet quality (547-549). Mother’s parity may 

influence children’s diet through the influence of siblings on child’s diet and/or 

through differential feeding practices in response to the needs of multiple children.  

 

The influence of siblings has been largely ignored by health researchers (550). Yet, 

the quality of sibling relationship is recognised as a significant predictor for 

adolescent outcomes such as delinquency (551) and peer competence (552, 553). A 

longitudinal study conducted in the Netherlands on 415 sibling pairs (aged 13-16 

years) by de Leeuw and colleagues used Structural Equation Modelling to investigate 

similarities and reciprocal influences in eating behaviours in adolescent siblings, and 
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found that sibling eating behaviours were significantly correlated and moderated by 

the quality of sibling relationship (554). 

 

Subsequently, a cross-sectional American study on 326 sibling dyads (aged 12-19 

years) examined the link between sibling relationship and weight-related health 

behaviours and concluded that sibling intimacy was related to healthy attitudes 

(γ=0.11, p<0.05) and greater exercise activities (γ=0.19, p<0.01) and that these 

relationships were moderated by the gender of the sibling dyads (550). A more recent 

analysis on data obtained from the U.S. Eating and Activity in Teens (EAT) and 

Families and Eating and Activity Among Teens (F-EAT) studies (n=58 sibling pairs) 

showed that fast food consumption (0.65, 95% CI= 0.17,0.88), frequency of eating 

breakfast (0.45, 95% CI= 0.11,0.69) and sedentary behaviour (0.65, 95%CI= 0.04, 

0.94) were significantly correlated between siblings (555). Currently, there is no 

published study that has examined the relationship between feeding behaviours and 

dietary intakes between young sibling dyads. This is clearly a gap in the literature 

that needs to be addressed in future studies. 

 

Besides the influence of siblings, mothers may use differential feeding practices in 

respond to child behaviour and this may affect child feeding outcomes. A U.K study 

on 80 parents with at least two sibling children by Farrow et al showed that parents 

used greater restrictive feeding practices with fussier siblings (r=0.53), and greater 

pressure to eat on siblings who were slower to eat (r=0.52), fussier (r=0.48), 

emotionally under-eat (r=0.35), less responsive to food (r=-0.39), enjoyed less food 

(r=-0.61) and more responsive to internal satiety cues (r=0.61) (all p≤0.01) (556). 

Parents may also use different feeding practices in respond to child temperament. 
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Greater maternal feeding restriction on siblings who were distractible (r=0.33, 

p<0.05) was observed by Horn and colleagues in their study on 55 parents and child-

sibling pairs  (557). Parents also reported a greater sense of feeding responsibility for 

children with negative mood (r=030, p<0.05) (557). It is therefore clear that parents 

may change their feeding practices when parenting multiple children. Future studies 

would benefit from exploring this change or difference in relation to children’s diet. 

 

Parents may also use differential feeding practices due to differential weight concern 

for the weight status of their children (558). They may also alter their feeding 

practices in response to perceived differences in appetitive traits and food 

preferences between their children (559). Mothers generally spend less time thinking 

about their later pregnancies than their first (560). They are more ambivalent but feel 

more confident in parenting (560). This relaxes their parenting expectations  (560) 

which may affect the quality of children’s diet. Maternal parity may also moderate 

parenting determinants associated with having to juggle the needs of more than one 

child, such as maternal stress (561), perception of support (562) and marital quality 

(561, 562). 

 

The relationship between parity and child vegetable variety found in this thesis may 

also be explained by social trends. Global data from the World Bank show that the 

higher the level of a woman’s educational attainment, the fewer children she is likely 

to bear which then relates to delayed marriage (older mothers) and more resources 

per child and better child health and survival rates (563). This trend is also observed 

in developed countries like Australia and is attributed to increased liberalism and 

participation in the workforce which led to an upsurge of lifestyle options for women 
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(564). Moreover maternal education is a known predictor of feeding practices (565, 

566). Clearly, the role of mother’s parity in predicting child feeding and intakes is 

multi-faceted. Therefore, future studies aiming to investigate the role of mother’s 

parity in predicting child intakes should consider a more tailored model which 

include child eating behaviours (eg: fussiness, appetite regulation, responsiveness to 

food), temperament, maternal concern for child weight, maternal feeding practices 

(eg: pressure to eat, restriction), quality of sibling relationship and socio-

demographic determinants. 

 

The SEM models at both time points explained >50% of the variation in maternal 

feeding self-efficacy, indicating that the conceptual models predicted most the 

variation in maternal feeding self-efficacy. However, cautious interpretation is 

required on the predictive power of the models as the R2 values for maternal feeding 

self-efficacy can be influenced by the number of exogenous variables linked to it 

(567). The more variables linked to maternal self-efficacy, the higher the R2 value, 

even if the variables are only slightly related to maternal feeding self-efficacy (567). 

Therefore, the models presented cannot be used to elucidate causality. 

 

Despite the significant relationships found, the SEM models only predicted 14% and 

25% in the variation in child vegetable variety at T1 and T2 respectively. This 

indicates that there are important determinants of child vegetable variety that were 

excluded in the models. Maternal feeding variables in the models are limited to 

feeding practices related to early food exposure and age of introduction of solids 

while child feeding behaviour was represented by two variable measuring child 

neophobia and fussiness. Inclusion of maternal and child feeding variables that 
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measure more dimensions of feeding such as restrictive feeding, pressure to eat, child 

responsiveness to food and satiety cues could further strengthen the models.  

 

No significant relationships were observed in the models for child variety of fruit 

intake at both time points. Unlike vegetables, fruit appeals to child’s innate 

preference for sweetness which makes its consumption more voluntary and less 

dependent on conscious effort (378). For instance, a cross-sectional study on 1739 

parent-child dyads of children aged 4 to 12 years in the Netherlands showed that 

habit was found to be the most important correlate in predicting child fruit intakes in 

boys (β= 0.19, p<0.001) and girls (β= 0.13, p<0.001) (378). In this study, when 

added into a model containing psychosocial variables such as self-efficacy, habit 

explained an additional 13% variance in fruit intake but only explained an additional 

3% variance in vegetable intake; indicating that vegetable consumption is less 

habitual and that consumption of fruits and vegetables is influenced by different 

predictors and should therefore be examined separately (378).  

 

The current SEM models are not transferrable to older children with established 

eating habits as the variables in the models are concerned with investigating variety 

in fruit and vegetable consumed in the early feeding period. In older children, other 

determinants such as availability and accessibility of fruit and vegetables, food 

preferences, knowledge and school factors are shown to be strong predictors of child 

fruit and vegetable intakes (359). 

 

Despite the weaknesses discussed above, the SEM models presented include a 

comprehensive consideration of distal and proximal determinants related to early 
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feeding and show direct and indirect relationships; a strength not found in studies 

reporting unidirectional models. The assessment of the models at two time points 

show temporal differences in the direction and strength of the relationships. This 

adds to the understanding in the differences in the role of maternal feeding self-

efficacy, child feeding behaviour and exposure in predicting child vegetable variety 

at two different stages in early child feeding. 

 

7.4  CONCLUSION 
 

Maternal feeding self-efficacy is an important predictor of child vegetable variety at 

T1 and T2 and is predicted by child food exposure, child willingness to eat novel 

foods and parenting confidence.  The relationship between maternal feeding self-

efficacy and child exposure to new foods is reciprocal.  Maternal psychological 

distress plays an important role at the weaning period (T1) and is related to parenting 

confidence, child exposure to new foods and maternal vegetable intake at T1.  

Mother’s parity is a significant and direct predictor of child vegetable variety at both 

time points.  At T2, maternal vegetable intake predicted child vegetable variety but 

this relationship was not observed at T1.   

 

Future studies can improve on the models tested in this thesis by including a more in-

depth analysis of maternal feeding practices (eg: restriction, pressure to eat, control) 

and child feeding behaviours (eg: responsiveness, appetite regulation, interest in 

food). A separate conceptual model should be considered to explore determinants of 
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fruit intake in young children as the current models were unable to show any 

significant relationship between the variables tested for child fruit variety.
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CHAPTER EIGHT: CONCLUSION 

 

This chapter provides an overall conclusion to the findings of this thesis. A summary 

of key findings, the strengths and limitations of the study, implications and specific 

suggestions for future research are also included.  

 

8.1 KEY FINDINGS 
 

As stated in Chapter 1, this thesis has three main aims. A summary of the key 

findings related to these aims can be found in the table below.
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Table 8.1 Summary of key findings of this thesis. 

Aim: Findings¶: 

To examine fruit and vegetable intakes in a cohort of South Australian 

children aged 4 to 9 months (T1) and 11 to 18 months (T2). 

In the 3 days of study:- 

 

Fruit: 

 

T1: 86.6% (n=240) consumed; intake = 56g/day; frequency = 1.3/day; variety = 0.6/day; 

commercially prepared infant foods contributed significantly to the amount eaten. 

 

T2: 88.9% (n=185) consumed; intake = 104g/day; frequency = 1.7/day; variety= 1/day.   

 

Vegetable: 

 

T1: 91.7% (n=254) consumed; intake = 69g/day; frequency = 2/day; variety = 1/day; amount 

eaten decreased significantly when potatoes excluded. 

 

T2: 90.3% (n=188) consumed; intake = 74g/day; frequency = 1.7/day; variety= 1.3/day; amount 

eaten decreased significantly when potatoes excluded. 

 

Proportion of consumers tracked between T1 and T2 for fruit and vegetables. 

 

Frequency and variety correlated with amount of fruit and vegetable eaten. 

To examine the relationship between maternal feeding self-efficacy, 

maternal feeding practices, child exposure to novel foods, child 

feeding behaviour, socio-demographic factors and child fruit and 

vegetable variety in a cohort of South Australian children aged 4 to 9 

months (T1) and 11 to 18 months (T2). 

Child vegetable variety:- 

 

Maternal feeding self-efficacy: directly (T1) and indirectly(T2); predicted by parenting 

confidence (T1 & T2), maternal psychological distress (T2), child exposure to novel foods (T1 

& T2), child feeding behaviour (T1 & T2), maternal vegetable intake (T2). 

 

Parity directly predicted child vegetable variety (T1 & T2). 

 

No significant relationships observed for child fruit variety. 
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Table 8.1 continued. 

Aim: Findings¶: 

To examine the construct validity and reliability of items used in the 

South Australian Infant Dietary Intake (SAIDI) study to measure 

maternal feeding self-efficacy, maternal psychological distress and 

child temperament in a cohort of South Australian children aged 4 to 

9 months (T1) and 11 to 18 months (T2). 

Maternal feeding self-efficacy: good fit (T1 & T2); α = 0.99 (T1); α = 0.70 (T2). 

 

Maternal psychological distress: poor fit (10- & 6-items); α = 0.84 (T1); α = 0.85 (T2). 

 

Child irritability (T1): good fit for 3 out of 4 items; α = 0.63. 

 

Child reactivity (T2): good fit for 4 out of 8 items; α = 0.60. 
¶Intake, frequency and variety expressed in median. 
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8.2 STRENGTHS AND LIMITATIONS 
 

Data from this thesis comes from the SAIDI study. The SAIDI study is a prospective 

cohort study and is therefore characterised by the strengths and limitations common 

to a study of this design. Cohort studies are important for the investigation of 

temporal relationships and allow examination of multiple determinants and outcomes 

within the same study. Although prospective cohort studies have the temporal 

framework to potentially assess causality (568), they do not always explain why 

those associations exist and therefore do not strictly elucidate causality. This is 

because in a prospective cohort study, determinants are pre-selected before outcomes 

and any associations observed between the both is limited to the determinants 

available for study. Unmeasured confounding is also a possibility. Therefore, 

findings from studies of other designs (eg: experimental, randomised controlled 

trials, qualitative, cross sectional, case-control) are required to complement data from 

cohort studies. 

 

In the context of this thesis, even with the use of SEM; a statistical method favoured 

by social scientists in path analysis and causality studies, causality cannot be 

concluded. SEM is an inference method that takes theoretical assumptions and 

empirical data and derives logical consequences based on these inputs (569). Failure 

to fit the data casts doubt on the theoretical assumptions while a good fit makes 

causal assumptions more plausible (569). There is always the possibility that a better 

fit can be found through another model for the same data or that the same model is 
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not replicable using data from another cohort. Moreover, the analyses performed in 

this thesis are cross-sectional. Findings from the SEM presented snapshots of 

associations between the variables under study at T1 and T2. It is not possible to 

ascertain whether exposure led to outcome or vice versa since both were measured 

simultaneously. 

 

The longitudinal design of prospective cohort studies can be a long-term costly 

endeavour which warrants careful planning on the cost-effectiveness of the study. In 

many cases, a variety of measures are collected with many potential research 

questions in mind. This may create unnecessary burden on the respondents which 

may affect retention rate of the study, which then leads to a trade-off between depth 

and breadth of the data collected. In the case of SAIDI, some of the measurements 

collected would benefit from greater depth. For example, the use of two non-

validated questions with ordinal choices to ascertain maternal daily fruit and 

vegetable intakes in the SAIDI questionnaires as opposed to collection of food diary 

or 24-hour dietary recall to more accurately measure mother’s food intake stemmed 

from the need to reduce respondent burden and to manage cost in the study. Certain 

items from the Infant and Toddler Temperament Scales were also excluded to 

increase brevity of the questionnaires. Although best effort was placed in ensuring 

measures that were valid and reliable for young children were included, there was a 

lack of quality validated measures pertaining to food behaviour in infants and 

toddlers due to the scarcity of evidence in this area of study. 

  

In SAIDI, the retention rate between T1 and T2 was 86.6% but the high retention rate 

can be attributed to the recruitment method used where mothers were recruited from 
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a cohort of mothers who had earlier provided some baseline data and expressed 

interest in the study at the time of their children’s birth. Although this may have 

helped with the retention rate between T1 and T2, it may have contributed to 

systematic bias. The voluntary nature of this study and high literacy requirements 

further limit the generalisability of the findings. This is evident in the high proportion 

of older and highly educated Australian-born mothers in the study which was not 

representative of the general Australian population (Chapter Four). A high level of 

effort was also employed to encourage mothers to complete their questionnaires and 

food diaries, and to honour their appointments through reminder phone calls and use 

of home-visits to ease the burden on participants who were interested to be in the 

study but were unable to travel to attend assessments. This may have also helped 

with the retention rate in this study. 

 

Sample size is an important factor, considering the number of measures included in 

this study. The sample size in this study is adequate for the construction of 

measurement models and for the categorical SEM using the WLSMV model 

estimation method. Should the model be tested using ML estimation method, such as 

in the case of SPSS AMOS, a larger sample size is required due to its computational 

demands.  

 

Another limitation of this study is the self-reporting nature of the questionnaires and 

child dietary intakes used to measure many of the variables included in the SEM 

model. Infant feeding raises profound issues of moral responsibility where the 

mother is often seen as the primary caregiver with responsibilities to maximise 

growth and child health outcomes (570). This may have led to over-estimation of 



  

256 

 

positive responses as mothers may have reported what is desirable over what is 

actual practice. Therefore, data in this study need to be complemented with findings 

from assessment of maternal and child feeding behaviours by trained observers 

before a more accurate conclusion can be reached. 

 

Children’s diet was measured on three days using a combination of 1x 24-hour diet 

recall and 2x food records. Currently, there is no published evidence on the 

validation of this combination of dietary assessment methods in infants and toddlers. 

However, a review by Burrows et al on 15 cross-sectional studies examining validity 

of dietary assessment methods against the doubly-labelled water method in children 

from birth to age 18 years (n=664) concluded that over-reporting was often 

associated with 24-hour multiple pass recall (7% to 11%, n=4 studies) while under-

reporting by food records varied from 19% to 41% (n= 5 studies) (571). The authors 

suggested that the best estimate for children aged 6 months to 4 years is weighed 

food records (571). The use of both the 24-hour diet recall and food record methods 

in this study is an attempt to address the weaknesses of both methods while reducing 

respondent burden.  

 

Despite the limitations mentioned above, this study is unique in examining fruit and 

vegetable intakes and predictors of early feeding at the age when solids were just 

being introduced to infants. This provided a rare opportunity to study the genesis of 

children’s fruit and vegetable intakes and contributes to the limited literature 

surrounding this area of study. Moreover, the contemporaneous data collection 

method reduces recall bias as mothers were asked to record current practices.  
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The SEM model studied is a comprehensive model that includes socio-demographic, 

affective, behavioural and cognitive factors. The use of the SEM method showed the 

multi-directional relationships between the variables in study; an achievement not 

possible through unidirectional models such as regression analyses.  

 

Although the use of self-reported measures is often quoted as the Achilles Heel of 

observational studies (568), mothers can be important informants as they observe 

their children in their naturalistic home environments and are in a unique position to 

sample children’s behaviour more frequently, across greater variety of situations and 

over more extended periods of time (572). Moreover, the examination of children’s 

intakes and the conceptual model at two time points provided an understanding on 

temporal differences at the period when there are important changes in children’s 

diet as they move from a milk-dominant to a solid-dominant diet. In summary, the 

study reported in this thesis provided useful evidence and new ideas for future 

research in early child feeding. 
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8.3 IMPLICATIONS & SUGGESTIONS FOR FUTURE RESEARCH 
 

Specific suggestions for future research are included in the discussion sections in 

Chapters 6 and 7. To avoid repetition, this section presents suggestions for future 

research stemmed from the overall findings of this thesis, especially how it translate 

to interventions, community and public health practice.  

 

Future studies can benefit from assessing longitudinal associations between the 

proximal and distal determinants at T1 in this study and children’s fruit and 

vegetable intakes at later time points. This is not possible in the current study due to 

data and timeline limitation. Mplus takes a multivariate approach in growth and 

multi-level modelling which requires each variable in the SEM model to be 

measured at four occasions (451). Variables reported in this thesis were measured on 

two occasions (T1 and T2).  

 

As presented in Chapter 5, meeting recommendations for vegetable consumption is 

harder to achieve than for fruit consumption in both mothers and children. The older 

the child, the less likely that s/he will be able to meet fruit and vegetable 

recommendations (Section 2.1.3.2), indicating that interventions should target young 

children with continuity into later adolescence.  Moreover, dietary studies on 

children show that children generally tend to consume adequate fruit but not 

vegetables (Section 2.1.3.2). Reviews on the impact of fruit and vegetable 

intervention on school children reported that interventions resulted in lower effect on 

children’s vegetable intake as opposed to their fruit intake (573, 574). Clearly, 

increasing children’s vegetable consumption should be prioritised for intervention. 
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Importantly, the findings from this thesis suggest that child fruit and vegetable 

intakes are predicted by different socio-behavioural determinants. Therefore, 

interventions need to be tailored to target specific determinants related to child 

vegetable intake before significant change in intake can be observed. 

 

A recent review by Cox et al as part of a report in a strategic investment plan for the 

Australian Vegetable Industry concluded that intervention targeting children at the 

weaning age should consider repeated exposure as a key strategy towards increasing 

children’s vegetable intake (575). However, the findings in this thesis show that 

whilst exposure is important, mother’s confidence in the feeding task plays an 

important role as well.  

 

Increasing maternal self-efficacy as a key strategy is not new in early feeding 

interventions but past studies were focused on breastfeeding. These interventions 

produced favourable outcomes (291, 576). Clearly, strategies used in breastfeeding 

intervention studies to increase maternal self-efficacy can be adopted to improve 

children’s vegetable intake at the weaning age. These include targeted maternal 

education concerning weaning, realistic goal setting and how to manage difficult 

child feeding behaviours; peer and professional support and the use of media and 

social marketing (577, 578) to promote vegetable intake in infants and toddlers.  For 

instance, the Melbourne InFANT Program which targeted 542 parents of pre-

schoolers in its intervention reported positive associations between maternal self-

efficacy (promoting health foods, β= 6.33, p<0.05; limiting unhealthy foods, β= 3.0, 

p<0.05) and child diet quality post-intervention (579). Therefore, early feeding 

interventions such as NOURISH (147) and The Melbourne InFANT Program (145) 
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that utilise community and mother groups to provide targeted education, and peer 

and professional support, can potentially impact favourably on children’s vegetable 

consumption. 

However, these programs only targeted primiparous mothers while the findings from 

this thesis suggests that multiparous mothers may benefit from the intervention as 

well. Clearly, the household environment plays an important role alongside mother’s 

sense of competency in feeding and there is evidence to show that mothers do parent 

each child differently (580) and this may affect children’s dietary outcomes (581). A 

whole-family approach will not only benefit the child’s vegetable intake, but also the 

mother’s intake which may have positive effect on the quality of the overall 

household diet.  

 

Furthermore, the role of maternal psychological distress, parenting confidence, child 

eating behaviour and early exposure on maternal feeding self-efficacy and 

subsequently on children’s fruit and vegetable intakes highlighted the need for multi-

disciplinary collaboration. Therefore, future studies would benefit from the input 

from professionals from various disciplines related to early feeding to tailor 

interventions to increase maternal feeding-self efficacy while addressing challenges 

that mothers may face in parenting multiple children.  
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8.4 THESIS CONCLUDING STATEMENT 
 

“Train up a child the way he should go; even when he is old, he will not depart from 

it.” – Proverbs 22:6, The Bible. 

The parenting choices parents make at the beginning of every child’s life have far 

reaching consequences.  The study reported in this thesis provides empirical 

evidence that mothers’ influence on children’s fruit and vegetable intakes begins at 

the weaning period and that a mother who is confident in her ability to feed her child 

is most likely able to feed her child adequate vegetables.  How mothers feed, how 

they choose to feed and the family environment play important roles in determining 

child feeding success and no dietary intervention on young children is complete 

without addressing these crucial determinants of early feeding.
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Appendix 3 – Mplus Syntaxes 
 

 

 

Example Mplus syntax for CFA 

 

TITLE:  CFA for feeding efficacy at T1 

DATA: FILE IS\\MyDocuments\SAIDI\DATA\Maindata\T1_Feb2013.csv; 

VARIABLE:   NAMES= id sex tnoc y10 uni  

              kess k1 k2 k3 k4 k5 k6 k7 k8 k9 k10 

             temp t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 t11 t12 

              se e1 e2 e3 e4 e5 e6 e7 

              vegv fruitv eatfd offerfd freqoff  

              easyfd prting vegser fruser;  

              USEVARIABLES ARE e3 e4 e5 e6 e7;  

              CATEGORICAL ARE E3 E4 E5 E6 E7;  

              MISSING are all (99 55 999); 

MODEL: eff by e3* e4@1 e5 e6 e7;     

OUTPUT: tech4 STANDARDIZED (STD) MODINDICES; 
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Example Mplus syntax for DIFFTEST 

 
 

 

TITLE:  EXAMPLE DIFFTEST  

DATA:   FILE IS \\My Documents\SAIDI\DATA\Maindata\T1_June2013.csv; 

VARIABLE:   NAMES= id k1 k2 k3 k4 k5 k6 k7 k8 k9 k10 

              t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 t11 t12 

              e1 e2 e3 e4 e5 e6 e7 

              eatfd offerfd times bbeasy parent 

              vegm fruitm vf vv vf3 vv3 ff fv ff3 fv3;  

              USEVARIABLES ARE 

              k1 k2 k4 k7 k8 k9 

              e3 e4 e5 e6 e7 

              t4 t10 t12 

              eatfd offerfd bbeasy parent vegm 

              vv3 times; 

              CATEGORICAL ARE k1 k2 k4 k7 k8 k9 

              e3 e4 e5 e6 e7 t4 t10 t12 

              eatfd offerfd bbeasy parent times; 

              MISSING are all (99 55 999); 

ANALYSIS:   PARAMETERIZATION = THETA; 

              DIFFTEST = mydiff.dat; 

MODEL: dep by k1* k2 k4 k7 k8 k9@1; 

         eff by e3* e4@1 e5 e6 e7; 

         irri by t4* t10@1 t12; 

         dep on irri; 

         vegm on dep; 

         bbeasy on irri eatfd eff vegm; 

         eatfd on irri eff vegm; 

         parent on dep irri eff; 

         offerfd on dep eff vegm; 

         times on dep eff vegm; 

         eff on eatfd bbeasy times offerfd parent vegm dep irri; 

         vv3 on eff; 

OUTPUT: tech4 STANDARDIZED (STD) MODINDICES; 

Savedata:   difftest \\My Documents\SAIDI\DATA\Maindata\difftest 


