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Abstract  

A varied and diverse diet in childhood supports optimum long-term preferences and growth.  

Previous analysis from 14-month-old Australian children in the NOURISH and South 

Australian Infants Dietary Intake (SAIDI) studies found higher formula intake was associated 

with lower dietary diversity.  This analysis investigated whether formula intake and dietary 

diversity at 14 months of age is associated with dietary quality at 24 months. 

Secondary analysis of intake data from NOURISH and SAIDI cohorts.  Scores for dietary 

diversity, fruit variety, vegetable variety and meat/alternative variety were combined using 

structural equation modelling to form the latent variable ‘Dietary quality’ (DQ) at age 24 

months.  A longitudinal model examined influence of formula (grams), cow’s milk (grams) 

and dietary diversity at 14 months and covariates, on DQ.   

At age 24 months (n=337) 27% of children obtained a maximum dietary diversity score (5/5).  

Variety scores were relatively low – with mean variety scores (and possible range) being four 

for fruit (0-30); five for vegetables (0-36); and three for meat/alternatives (0-8).  Dietary 

diversity at 14 months (β=0.19, p=0.001), maternal age (β=0.24, p<0.001) and education 

(β=0.22, p<0.001) predicted DQ at 24 months while Child Food Neophobia Score was 

negatively associated with DQ (β=-0.30, p<0.001).   Formula intake was negatively 

associated with diversity at 14 months, but not DQ at 24.  

Diversity and variety were limited despite sociodemographic advantage of the sample.  

Diversity at 14 months, degree of neophobia and sociodemographic factors predicted DQ at 

24 months.  There is an ongoing need to emphasise the importance of repeated early exposure 

to healthy foods, such that children have the opportunity to learn to like a range of tastes and 

texture, thereby maximising dietary diversity and quality in infancy and early toddlerhood. 
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Introduction  1 

Food preferences, healthy or otherwise, are hypothesized to develop in early childhood and 2 

influence food consumption in later life (Birch & Doub, 2014; Mennella, 2014; Skinner, Carruth, 3 

Bounds, & Ziegler, 2002).  The Australian Dietary Guidelines recommend that “by 12 months of 4 

age, infants should be consuming a wide variety of foods consumed by the rest of the family” 5 

(National Health and Medical Research Council, 2013).  Guidelines emphasise eating foods from 6 

each of the five core food groups (fruit, vegetables, meat and alternatives, breads and cereals, milk 7 

and dairy products) such that children are exposed to a range of tastes and textures to promote 8 

development of  healthy food preferences and parents are specifically advised to offer meat or iron-9 

rich alternatives (National Health and Medical Research Council, 2012).  However, studies in 10 

Australia and overseas consistently report that the dietary intake of infants and young children does 11 

not align with national nutrition guidelines (Chai et al., 2016; Dwyer, Butte, Deming, Siega-Riz, & 12 

Reidy, 2010; Lioret, McNaughton, Spence, Crawford, & Campbell, 2013).  Poor diet increases risk 13 

of overweight and subsequent development of chronic disease (Magarey, Daniels, Boulton, & 14 

Cockington, 2003; Reilly et al., 2003), and in Australia, 23% of children aged 2-4 years are 15 

overweight or obese (Australian Bureau of Statistics, 2013b).  Identifying modifiable factors that 16 

influence food preferences and intake amongst toddlers may inform interventions to improve 17 

dietary quality in this age group and subsequent obesity risk.  18 

There are links between early milk feeding practices and later eating patterns(Nicklaus & Remy, 19 

2013). Breastfeeding is hypothesised to support increased dietary variety due to exposure to 20 

flavours from breast milk improving subsequent acceptance of solid foods (Hausner, Nicklaus, 21 

Issanchou, Mølgaard, & Møller, 2010; Mennella, 2014), however findings are mixed (Scott, Chih, 22 

& Oddy, 2012) (Galloway, Lee, & Birch, 2003; Shim, Kim, & Mathai, 2011; Skinner, Carruth, 23 

Bounds, Ziegler, & Reidy, 2002).  It is plausible and has been suggested that excess consumption of 24 

cow's milk or formula beyond the age of 12 months may displace intake of solid foods (Cattaneo, 25 
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Fallon, Kewitz, Mikiel-Kostyra, & Robertson, 2006), with the potential to limit the variety and 26 

diversity of foods a child is exposed to at a key period in the development of longer-term food 27 

preferences.   28 

Current infant feeding guidelines recommend that toddlers be offered cow’s milk (<500ml/day) or 29 

water as a drink, with continued breastfeeding as desired, while special complementary toddler 30 

milks or formula are unnecessary (National Health and Medical Research Council, 2012).  31 

However, in affluent countries an estimated 16-32% of toddlers are consuming formula (Byrne, 32 

Magarey, & Daniels, 2014; Fox, Pac, Devaney, & Jankowski, 2004; Lioret, et al., 2013).  Our 33 

previous cross-sectional analysis of data from 14 month old Australian children participating in the 34 

NOURISH and SAIDI studies found higher formula intake was associated with decreased dietary 35 

diversity (defined as the number of core food groups eaten on the previous day), independent of 36 

socioeconomic factors (Byrne, et al., 2014).   37 

Therefore the aim of this longitudinal analysis was to determine if higher formula intake and lower 38 

dietary diversity in the NOURISH_SAIDI cohort at 14 months of age independently predicts 39 

dietary quality – represented by dietary diversity and variety of fruit, vegetables and 40 

meat/alternatives - at age 24 months.  41 

Materials and Methods 42 

Study Design and Population 43 

This is a secondary analysis of data from mother-child dyads allocated to the control group of 44 

NOURISH - a dual-site randomized controlled trial (RCT) (Daniels et al., 2009), and the 45 

observational South Australian Infant Dietary Intake (SAIDI) Study.  Details have been published 46 

previously (Byrne, et al., 2014; Daniels, et al., 2009; Daniels et al., 2012).  Briefly, the NOURISH 47 

RCT evaluated a program for the primary prevention of childhood obesity and SAIDI was a 48 
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concurrent longitudinal study of Australian children's dietary intakes that used the same 49 

recruitment, data collection and dietary intake assessment protocols.   50 

Mother-child dyads were recruited from maternity hospitals in Brisbane, Adelaide and rural South 51 

Australia.  Inclusion criteria were mothers delivering a healthy infant (≥2500g, >35 weeks), ≥ 18 52 

years old, willing and able to attend subsequent assessment sessions and facility with spoken and 53 

written English.  Only first-time mothers were included within NOURISH. Participants were 54 

excluded if the infant was diagnosed with a condition likely to affect normal development or if the 55 

mother had a history of domestic violence, intravenous substance abuse, or eating disorders.  56 

Consenting mothers were recontacted when their child was between 4-7 months of age for full 57 

enrolment and baseline assessment.   Demographic data were collected at initial recruitment and 58 

baseline using self-administered questionnaires.   When children were aged between 11 and 17 59 

months mothers completed a single 24 hour recall of the child’s dietary intake, via telephone 60 

interview with a dietitian.   At age 21-27 months mothers completed another 24 hour recall of the 61 

child’s dietary intake closely followed by completed a two-day food record. To aid accuracy of data 62 

collection during recall and record periods, visual aids with illustrated metric cups and measuring 63 

spoons were provided to mothers.  Each mother was given a study-specific booklet, so that if the 64 

child was in the care of another person, e.g. institutional child-care or grandparent, the carer could 65 

record the child’s intake and the mother could accurately report it, if a recall was collected the 66 

following day.  Child length/height and weight (to the nearest 0.01m and 0.01 kg respectively) were 67 

measured by trained research staff or by general practitioner/child health nurse if located in a rural 68 

area at age 21-27 months.  BMI Z-score was calculated using WHO Anthro 2008 (World Health 69 

Organisation, 2009). 70 

 Ethical approval was obtained from eleven Human Research Ethics Committees including the 71 

Queensland University of Technology, Flinders University and participating hospitals (QUT HREC 72 

00171 Protocol 0700000752).  73 
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Measures  74 

This study utilises dietary intake data from the 24 hour recall at age 11-17 months and 24 hour 75 

recall and 2-day record at age 21-27 months.  Items from recalls and records were entered into 76 

FoodWorks Professional version 9 which utilised the AUSNUT 2007 database from the 2007 77 

Children’s Survey (CSIRO & University of South Australia, 2008).  An additional database 78 

containing information regarding commercial infant products was created by study staff with 79 

nutrient information sourced from websites, manufacturers or nutrient information panels.  This 80 

dietary analysis software converts all liquid measures to grams.  Data were exported into SPSS v21 81 

for analysis. 82 

 83 

Dietary Quality 84 

Dietary diversity and variety scores represent two important components of dietary quality - scores 85 

for both were calculated using three days of dietary intake data at the 21-27 month assessment. 86 

Dietary diversity was defined as the average number of the five core food groups (fruit, vegetables, 87 

meat & alternatives, breads & cereals, milk & dairy products - as per the Australian Dietary 88 

Guidelines (National Health and Medical Research Council, 2013)) that a child ate from on each of 89 

three days, giving a potential score from 0-5.  Dietary variety was defined as the total number of 90 

different sub-groups (within a major food group) a child ate over three days, consistent with 91 

previous analyses of this cohort (Perry et al., 2015).  Variety scores were defined separately for 92 

fruit, vegetables and meat/alternatives groups, each consisting of 30, 36 and 8 subgroups 93 

respectively (Appendix 1).  A point was given when a food from the sub-group was consumed 94 

≥once over the three days of intake, regardless of the frequency or quantity eaten and then the 95 

points summed to give a variety score for each of the three food groups.  Dairy and cereals were 96 

excluded from variety analysis as inadequate intake of these food groups, either total amount or 97 

variety, is not considered a concern amongst the healthy paediatric population.  A finding consistent 98 
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across dietary intake studies is that dairy and cereal group contribute the highest proportion of daily 99 

energy intake amongst young children (Australian Bureau of Statistics, 2014; Fox, Reidy, Novak, & 100 

Ziegler, 2006; Lennox, Sommerville, Ong, Henderson, & Allen, 2011). 101 

Dietary diversity and intake of formula and cow’s milk at 11-17 months 102 

Dietary diversity at age 11-17 months was defined as the number of core food groups the child ate 103 

on a single 24-hour recall (potential score, 0-5).  Intake of formula (any type) was measured as 104 

gram intake on 24-hour recall, as was intake of cow’s milk (Byrne, et al., 2014). 105 

Covariates 106 

Demographic data collected at initial recruitment included gender, maternal age at delivery, 107 

education (dichotomised to university / no university).  Age of introduction of solids was collected 108 

at either baseline or at 11-17 months (if child had not started solids at baseline).  Similarly 109 

‘breastfeeding duration’ was established at either baseline, 11-17 months or 21-27 months i.e. 110 

closest to the actual date of cessation and  categorised as never; less than 6 months; 6–12 months, 111 

and more than 12 months.  Neophobia was measured at the 21-27 month assessment using a 112 

modified six-item Child Food Neophobia Scale (CFNS) and was included in this analysis given it is 113 

associated with lower variety of fruits and vegetables in this sample (Perry, et al., 2015) 114 

(Cronbach’s alpha = 0.91).  Responses were measured using a four-point scale, ranging from 115 

‘strongly disagree’ to ‘strongly agree’.  Total CFNS score was calculated (possible range = 6 – 24) 116 

with higher scores indicating greater parental perception of food neophobia. 117 

Statistical Analysis 118 

Characteristics of the mother-toddler dyads are reported as mean/median or frequencies where 119 

appropriate.  Prior to analysis in AMOS 22.0, missing data were estimated using Full Information 120 

Maximum Likelihood in SPSS.  Scores for dietary diversity, fruit variety, vegetable variety and 121 
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meat/alterative variety were combined in a structural equation model using AMOS, to form a latent 122 

variable representing ‘Dietary quality’ (DQ) at age 21-27 months.   123 

Maximum likelihood estimation was used and four goodness-of-fit indices, with respective cut-offs, 124 

used to evaluate model fit(Hoyle, 1995): normed chi-square (χ2/df values between 1.0–2.0), 125 

Comparative Fit Index (CFI >0.90), Goodness of Fit Index (GFI >0.90), and Root Mean-Square 126 

Error of Approximation (RMSEA <0.08, PCLOSE > 0.05) (Byrne, 2010; Hu & Bentler, 1999).  127 

This measurement model for DQ was an acceptable fit; CMIN/df=1.30, GFI=0.99, CFI=0.99, 128 

RMSEA=0.09 (0.00-0.18), PCLOSE=0.53.  Hence, a structural model was developed examining 129 

the relationship between gram intake of formula, cow’s milk and dietary diversity at age 11-17 130 

months, and covariates, on DQ.   131 

Results 132 

Three days of dietary intake data were available for 337 toddlers at mean age 24 months.  133 

Participant characteristics are reported in Table 1 and dietary intake variables in Table 2.  At the 11-134 

17 month assessment, mean formula intake of consumers (n=111) on 24 hour recall was 418 grams, 135 

which is equivalent to approximately 405ml.  Dietary diversity was a median score of five at both 136 

time points i.e. the maximum possible score.  However variety within each food group at 24 months 137 

was low, with mean variety scores of four out of a possible score of 30 for fruit; five out of a 138 

possible 36 for vegetables; and three out of a possible eight for meat.   139 

Table 1: Characteristics of mother-child dyads (n=337)  140 

Variable Mean (SD) % (n)  

Child Characteristics   

Gender - male  46 (155) 

Age at 11-17 month assessment 13.5 (1.1)  
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Age at 21-27 month assessmenta 23.9 (0.7)  

BMIZ score at 21-27 month assessmentb 0.83 (1.0)  

Age of introduction of solids (weeks) 22.2 (4.9)  

Child Food Neophobia Scale scorec 12.8 (3.7)  

First born  67 (226) 

Breastfeeding duration never  2 (5) 

 <6 months  28 (95) 

 6–12 months  29 (99) 

 >12 months  41 (138) 

Maternal Characteristics   

Maternal age at delivery (years) 31.7 (5.0)  

Maternal education - University  58 (194) 

a n=335 141 
b WHO Anthro (2008) using measured weight and height; n=335 142 
c Possible score 6-24  143 
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Table 2: Milk intake, dietary diversity and variety scores (n=337) 144 

Variable Median (IQR) or Mean (SD)  %(n) 

At 11-17 month assessment a   

Formula intake (grams)  0 (0-231)  

Formula intake (grams), consumers only (n=111)   418 (210)  

Cow’s milk/alternatives intake (grams) b 245 (58-520)  

Dietary Diversity Score, 0-5 c 5 (4-5)  

Proportion of children with a diversity score of         2  1 (4) 

                                                                                   3  13 (42) 

4  30 (102) 

5  56 (189) 

At 21-27month assessment d   

Fruit Variety Score, 0-30f 4 (2)  

Vegetable Variety Score, 0-36g 5 (3)  

Meat Variety Score, 0-8h 3 (1)  

Dietary Diversity Score, 0-5 e 5 (4-5)  

Proportion of children with a diversity score of          2  1 (2) 

3  9 (31) 

4  63 (211) 

5  27 (93) 

a Single 24-hour recall 145 
b Alternatives such as goat’s milk and soy milk 146 
c  Number of core food groups eaten on 24-hour recall, possible score 0-5 147 
d One 24-hour recall and two day food record combined 148 
e Average number of core food groups eaten over three days, possible score 0-5 149 
f Total number of fruit subgroups eaten, possible score (Perry, et al., 2015) 150 
g Total number of vegetable subgroups eaten, possible score (Perry, et al., 2015) 151 
h Total number of meat/alternatives subgroups eaten, possible score (Perry, et al., 2015) 152 

 153 
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The structural equation model, shown in Figure 1, met the assumption of multivariate normality and 154 

was a good fit.  Dietary diversity at 14 months (β=0.19, p=0.001), maternal age (β=0.24, p<0.001) 155 

and education (β=0.22, p<0.001) positively predicted DQ at 24 months of age while CFNS score 156 

was negatively associated with DQ (β=-0.30, p<0.001).   Consistent with the previously published 157 

analysis (Byrne, et al., 2014), gram intake of formula was negatively associated with dietary 158 

diversity at age 14 months (r= -0.11, p<0.05), but not with overall DQ at 24 months.  Despite 159 

children in the upper quartile of cow’s milk intake consuming > 520g (i.e. > 505ml) on 24-hour 160 

recall, intake of milk was not associated with dietary diversity at 14 months or DQ at age 24 161 

months.    162 
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 163 

Figure 1: Dietary and sociodemographic factors influencing dietary quality at age 24 months 164 

Footnote: The model was run with covariances between all eight measured variables, but not included on the 165 

diagram for simplicity of presentation only.  Similarly errors for diversity and variety variables at 24 months 166 

not shown. 167 
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Discussion 171 

This longitudinal analysis provides insight into dietary diversity and variety, or lack of, amongst a 172 

group of Australian toddlers, using a novel measure of dietary quality.  At 14 months, only half the 173 

children (56%) had optimal diversity, i.e. they consumed all of the core food groups, and this 174 

decreased further with just over a quarter of children consuming all of the core food groups at 24 175 

months. Variety of fruit, vegetables and meat/alternatives at 24 months was also relatively low.  176 

Overall these results suggest that inadequate dietary quality, in terms of consumption from all of the 177 

core food groups and variety of fruit, vegetables and meat/alternatives, is of considerable concern.  178 

This study measured intake, not exposure, however in the United States, the Feeding Infants and 179 

Toddlers study reported that a quarter of parents  decide their child does not like a food after 180 

offering it only one or two times(Carruth, Ziegler, Gordon, & Barr, 2004).  There is an ongoing 181 

need to emphasise the importance of multiple exposures to a variety of foods in infancy and early 182 

toddlerhood, such that children have the opportunity to learn to like a range of tastes and 183 

textures.(Cooke, 2007; Mallan, Fildes, Magarey, & Daniels, 2016)  This is particularly important, 184 

given lower dietary diversity at 14 months of age in the current sample was associated with lower 185 

dietary quality – i.e. both lower diversity and variety - at 24 months, suggesting poor dietary habits 186 

tracked through the second year of life.   187 

One factor thought to influence diversity is quantity of formula consumed (Cattaneo, et al., 2006).  188 

Intake of formula at age 14 months was not independently associated with dietary quality at 24 189 

months in this sample.  However higher formula intake was associated cross-sectionally with lower 190 

dietary diversity at age 14 months, which in turn was associated with lower diet quality at 24 191 

months.  In practice, health professionals are encouraged to discuss use of formula in early 192 

toddlerhood with parents, as ceasing formula intake after 12 months of age as per infant feeding 193 

guidelines (National Health and Medical Research Council, 2012) may be one strategy  to maximise 194 

dietary diversity.  Maximising dietary diversity early may attenuate the effect of neophobia at two 195 
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years (Schwartz, Scholtens, Lalanne, Weenen, & Nicklaus, 2011) – important in this sample given 196 

neophobia, estimated by CFNS score, explained the greatest amount of variance in the latent 197 

variable ‘dietary quality’.  Subsequent acceptance and tasting of a greater number of healthy foods 198 

early in life can  support the development of long-term healthy dietary patterns (Mallan, et al., 199 

2016).   200 

Unlike a previous Australian study which found an association between breastfeeding duration and 201 

food variety in 2 year-old children (n=1905), using a single 24-hour recall, breastfeeding duration 202 

was not associated with dietary quality at 24 months of age in the current analysis.  Our previous 203 

publication found no association between breastmilk intake (measured in grams) and diet diversity 204 

at 11-17 months (Byrne et al, 2014). Sociodemographic factors may be more consistent predictors 205 

of dietary quality (Smithers et al., 2012) and maternal age and university education were positively 206 

associated with dietary quality in the NOURISH_SAIDI sample. 207 

A limitation of this analysis is the reporting bias typically associated with collecting dietary intake 208 

data.  Over-reporting of intake by care-givers has been documented in this age group,(Fisher et al., 209 

2008) perhaps because of errors in estimating portion size consumed or carers motivated by a desire 210 

to portray their child as eating ‘well’.  However the representation of dietary quality in this analysis 211 

relies on the reporting of different types of foods consumed rather than the amount eaten.  While 212 

selection bias in the sample may limit generalisability of results - mothers were older with a greater 213 

proportion having a university education compared with the general Australian population 214 

(Australian Bureau of Statistics, 2010, 2013a) – overall variety of fruit, vegetables and 215 

meat/alternatives consumed was low in spite of these sociodemographic characteristics.    216 

Strength lies in the use of three days of intake data (two weekdays and a weekend day) which 217 

potentially provides a more accurate representation of fruit, vegetable and meat variety, and a 218 

relatively large sample size.  While there is no standard definition of dietary quality, use of 219 

structural equation modelling in this analysis meant that several measures of diversity and variety 220 
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could be combined in a novel way to represent the construct of quality with acceptable statistical 221 

validity.  The longitudinal analysis of dietary data contributes to the literature regarding the 222 

development of intake patterns in childhood, which is largely dominated by cross-sectional analysis. 223 

In conclusion, dietary diversity and variety of fruit, vegetables and meat/alternatives consumed by 224 

children was limited despite the sociodemographic advantage of the sample.  Dietary diversity at 14 225 

months of age, degree of neophobia and sociodemographic factors predicted overall dietary quality 226 

at age 24 months.  Ceasing formula at 12 months of age, as per dietary guidelines may be one 227 

strategy in maximising dietary diversity early in toddlerhood.  Ongoing emphasis on the importance 228 

of exposure to a variety of tastes and textures in infancy and early toddlerhood is required.   229 
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