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Abstract 

 

There has been considerable debate over the optimum age of introduction of solid foods in 

infants and particularly its association with nutrient and iron adequacy for growth and 

development as well as its impact on eating behaviours, such as feeding difficulties, dietary 

variety and food preferences. Since infants and toddlers are at a higher risk of developing iron 

deficiency anaemia, a non-invasive method of measuring haemoglobin could be a useful tool 

in identifying low haemoglobin levels early and prevent further deterioration of iron status. 

Since the adoption of the World Health Organisation (WHO) recommendations for exclusive 

breastfeeding for 6 months, there has been limited data in the UK about how the new 

guidelines have affected the growth, eating behaviours, dietary intake and iron status. This 

thesis aimed to address these gaps in the literature in 3 studies: the Brighton’s Breast-fed 

Babies Study, the Haemospect® Validation Study and the GO-CHILD Study. For the 

Brighton’s Breast-fed Babies Study, a 3-day dietary record, anthropometric measurements and 

a capillary blood sample for measuring haemoglobin levels were obtained from healthy, term, 

breast-fed infants from Brighton at 8 months of age (n=20) and at 18 months of age (n=19). 

The association between the age of solids introduction and haemoglobin levels, iron and other 

nutrient intakes, and reported eating behaviours were examined. Using the same sample from 

Brighton, a non-invasive method (white-light spectroscopy) was also validated concurrently 

with the capillary blood sampling technique to check its accuracy in measuring haemoglobin 

levels at 18 months (The Haemospect® Study).  In the GO-CHILD study, a self-complete 

questionnaire was returned by 230 mothers from Sussex when their infants were aged around 9 

months. The age of introduction of solids was considered in relation to the introduction of 

selected foods, eating behaviours, food preferences and dietary variety respectively. The 

Brighton’s Breast-fed Babies Study provided a unique opportunity to explore the feasibility of 

conducting a longitudinal study with infants who follow the current feeding recommendations. 

Even though firm conclusions on the association between the age of solids introduction and 

growth, diet and iron status could not be drawn from this small sample of infants, useful 

insights were gained with respect to the recruitment challenges in this area of research and 

recommendations for the design of future studies were made. In the Haemospect® study, the 

non-invasive technique was not successful in measuring accurately haemoglobin levels at 18 

months. Timing of solids introduction was not found to be an important predictor of food 

preferences, dietary variety and eating behaviours at 9 months in the GO-CHILD study. It is 

hoped that the insights gained into the challenges faced during these studies will assist in the 

successful design of future studies with similar population groups. 
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1 General Introduction 

 

1.1 Setting the scene 

Much has been written about the short-term and long-term benefits of exclusive 

breastfeeding for the first 6 months of life, both to the infant and the mother (Kramer & 

Kakuma 2012; Ip et al. 2007; Kramer & Kakuma 2002). Its undeniable benefits have 

resulted in many countries worldwide, including the UK, changing their public health 

recommendations from 4-6 months to 6 months of exclusive breastfeeding. However, there 

is still considerable debate as to whether the optimal age for introducing solids is indeed 6 

months, especially in developed countries. This area of infant feeding research is not only 

relevant to paediatricians, dietitians, health visitors and other health professionals or policy 

makers; it is a subject that every parent and carer is very interested in, as they all want to 

ensure that they are equipping their infants with the best start in life. With the increasing 

rise of social media, a plethora of information of varying quality regarding the timing of 

solid food introduction is readily available to millions of parents looking for guidance and 

advice. Controversy in terms of advice in infant feeding practices is also evident in the 

scientific field, with experts from both sides of the argument debating about what the 

optimal age of introducing solids to infants should be. The matter is further complicated by 

the growing popularity of baby-led weaning (BLW), a complementary feeding method 

which, in addition to advocating introduction of solids at 6 months, promotes infant self-

feeding with graspable, bite-sized foods (“finger foods”), instead of  pureed or mashed 

foods fed  with a spoon by parents.   

Some of the key concerns raised about infants who are introduced to solids at 6 months, as 

well as those who follow BLW, include compromised growth as a consequence of nutrient 

inadequacy, impaired iron status and problems in accepting new flavours and textures, 

leading to eating difficulties such as fussy eating and limited variety of foods in the diet.  

 

1.2 Problem statement 

There is a paucity of studies in industrialised countries investigating the association 

between the 6 month solid food introduction recommendations and growth, diet, iron status 

and feeding problems both in the transitional period of complementary feeding (i.e. in the 

first 2-3 months after the first solid food is introduced), as well as when feeding has been 

established (i.e. 6-12 months after the first solid food is introduced). A cohort study in an 
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infant population that adheres to the current recommendations could elucidate this 

transitional period of infant feeding by following changes in growth, nutrient intakes and 

iron status, as well as feeding behaviours as the infants’ diet integrates with that of the 

family. Also, BLW has never been examined longitudinally before and therefore a study 

which follows up infants who are introduced to solids using this method could provide 

useful insights on the longer-term aspects of this feeding practice in this infant subgroup. 

Since infants and toddlers are at a higher risk of developing iron deficiency anaemia, 

validating a non-invasive method of measuring haemoglobin against current invasive 

practices in community settings, could result in the attainment of a very useful tool in 

identifying infants and toddlers with low haemoglobin levels quickly and easily and alert 

parents to seek further medical attention. Finally, examining dietary variety, food 

preferences and feeding problems in the early complementary feeding period using a cross-

sectional study design, could provide a snapshot of the infants’ feeding behaviours in the 

first months after the introduction of solid foods.  

 

The thesis will aim to address the key issues outlined above, in light of current UK infant 

feeding recommendations.  

 

1.3 Definition of key terms 

Before proceeding further, it is necessary to define the key terms describing infant feeding 

practices of the study participants, which will be used throughout the thesis. Further 

definitions of other key concepts can be found in the relevant chapters. 

 

For the purposes of this thesis, infants who are breast-fed either exclusively or with high 

breastfeeding intensity are defined as “principally breast-fed”. An infant is characterised as 

exclusively breast-fed, when he or she is receiving solely breast milk with no other food or 

drink apart from drops or syrups containing vitamins, minerals or medicines. An infant is 

characterised as breast-fed with high intensity, when he or she is receiving breast milk for 

≥80% of total milk feeds (Labbok & Krasovec 1990). Mixed-fed infants are defined as 

those drinking both formula and breast milk of medium (20-80) or low (<20%) or 

unknown intensity or when the proportion of breast milk is not known (Labbok & 

Krasovec 1990).Complementary feeding is the introduction of solid, semi-solid foods and 

drinks other than breast milk and formula milk.  
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According to Gill Rapley, the health visitor who defined the term baby-led weaning,  it’s 

“a way of introducing solid foods that allows babies to feed themselves - there’s no spoon 

feeding and no purées. The baby sits with the family at mealtimes and joins in when she is 

ready, feeding herself first with her  fingers and later with cutlery” (Rapley 2005).  

 

Feeding problems such as fussy eating, establishing an eating routine, as well as food 

preferences and dietary variety will be broadly referred to as “eating behaviours”.   

 

Comparisons throughout the thesis will be made between infants who were introduced to 

solids before or after 6 months (referred to as the “early” and “late” complementary 

feeding groups) and between infants who follow BLW and those who are spoon-fed.  

 

1.4 Purpose of thesis 

The purpose of the thesis will be to address the following research questions: 

 

 Are there any differences between infants who are principally breast-fed and 

introduced to solids at or after 6 months, on growth, diet, iron status and eating 

behaviours at 8 and 18 months compared to those introduced to solids before 6 

months? Are there any differences in the above outcomes in the same infant 

population when stratified by mode of complementary feeding, i.e. those who 

followed baby-led weaning and those who were spoon-fed? 

 

 How does the use of a non-invasive technique measuring haemoglobin levels in 18 

month-olds compare to heel prick measurements?  

 

 What is the association between the age of solids introduction in a sample of 

mixed-fed infants and eating behaviours, food preferences and dietary variety at 9 

months?  

 

Detailed aims and objectives for the research questions described above will be presented 

in the following chapters.  

 

 

 



 
4 

 

1.5 Original contribution to knowledge 

Following a review of the literature in Chapter 2, the thesis will aim to add to the existing 

evidence on timing of solids introduction and growth, diet, iron status and eating 

behaviours in the following ways.  

 

Firstly, to our knowledge, there have been no studies in the UK since the adoption of the 

current infant feeding recommendations assessing  growth, diet, iron status and eating 

behaviours in infants introduced to solids at 6 months both in the transitional 

complementary feeding period as well as when infants’ diet patterns have been established. 

For another, studies on BLW have all been either qualitative or cross-sectional and there 

are no studies up to now that have looked at detailed nutrient intakes, growth, iron status 

and feeding problems in infants following BLW longitudinally. In Chapter 3, infants from 

Brighton and Hove who follow the 6 months recommendation for infant feeding, will be 

compared with those who were introduced to solids before 6 months and their growth, food 

and nutrient intakes, iron status and feeding behaviours will be assessed. These outcomes 

will also be examined by stratifying the infants by mode of complementary feeding (BLW 

and spoon-fed).  

 

Despite the calls for universal screening for iron deficiency anaemia around 18 months of 

age and the associated complications with invasive methods of blood taking, a non-

invasive measurement of haemoglobin has never been tested before in 18 month olds in the 

UK. In Chapter 4, a non-invasive device measuring haemoglobin levels in a subgroup of 

18 month old infants will be validated against measurements taken from a heel prick blood 

sample.  

 

There have been no studies in the UK looking at timing of solids introduction at 6 months 

and dietary variety, food preferences and associated feeding problems in the early 

complementary feeding period. In Chapter 5, the association between the age of solids 

introduction and eating behaviours will be assessed in a sample of 9 month old infants 

from Sussex.  

 

Finally, in Chapter 6, the extent to which these gaps in the literature have been successfully 

addressed will be discussed and the main outcomes of each study will be placed within the 

wider context of other research as well as clinical practice, acknowledging the limitations 

of each study and identifying areas for future research. 
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2 Literature Review 

2.1 Chapter Overview 

Complementary feeding practices are influenced by a complexity of factors (Figure 2.1). 

This chapter will review the existing evidence in the literature on the association between 

early versus late introduction of solids foods as well as BLW versus spoon feeding (as 

defined in Chapter 1) with growth, diet, iron status and eating behaviours. The review 

focused on studies that were published following the World Health Organisation’s (WHO) 

recommendations on exclusive breastfeeding in 2001 in developed countries and especially 

the UK, although some key studies from developing countries that were published before 

2001 have also been included.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Morgan & Dickerson 2003)

Figure 2-1 Factors that influence complementary feeding practices 
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2.2 Reviews and reports on timing of solids introduction: 4-6 versus 6 months  

Although the review by Kramer and Kakuma and subsequent updates focused on the 

benefits of exclusive breastfeeding for six months as opposed for 4-6 months (Kramer & 

Kakuma 2002), Lanigan and colleagues  performed the first systematic review in 2001 to 

assess the appropriateness of the then WHO recommendations for solids introduction at 4-

6 months versus 6 months (Lanigan et al. 2001). They identified 33 out of 400 journal 

articles between 1982 and 1998 in which age of complementary feeding and one of the 

outcomes of growth, nutritional status or morbidity were mentioned. Due to widespread 

heterogeneity across the studies, it was not possible to synthesize the extracted data and the 

lack of population specific reference data to identify inadequate nutritional status, made it 

impossible to draw safe conclusions. The issue of reverse causality was raised, as well as 

the fact that for certain subgroups of infants (such as those born prematurely), delayed 

solids introduction by prolonged exclusive breastfeeding may not be appropriate. The 

authors ultimately concluded that there was not enough good quality evidence in favour or 

against the change in the recommendations to 6 months. This systematic review is 

relatively out of date and the majority of studies included were from developing countries. 

In the nine studies from developed countries (UK, USA, Finland, New Zealand) that were 

included in the review, there were 3 studies from the UK, one of low methodological 

quality [the sample size was not presented, boys and girls were examined using different 

cut-offs for solids introduction (16 weeks for boys and 20 weeks for girls) and it was 

unclear if results were crude or had been adjusted for confounding factors]. The remaining 

2 studies, derived from the same cohort study in Scotland, used 12 and 15 week cut-off 

points to define early and late solids introduction. None of the studies examined in 

developed countries were designed to assess outcomes between those introduced to solids 

between 4-6 months and those introduced to solids at or after 6 months. Finally, the 

authors were criticized for having received money from the infant food industry in the past, 

even though the study was claimed to be independently conducted. It was therefore not 

possible to extract conclusions about the effect of the timing of solids introduction in a UK 

population based on this review. 

 

A review by Dewey noted that the advantages of introducing solids at 6 months in 

developed countries may be less evident than those in developing countries but in healthy, 

full-term infants, the evidence suggests that although there may be no benefit there is also 
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very little risk in introducing solids at 6 months with regards to growth, food acceptance 

and iron and zinc status. She did however call for more studies looking at the  of the age of 

solids introduction in industrialized countries (Dewey 2006).  

 

After conducting a systematic review of assessing energy content in breast milk and its  

transfer rate from mother to infant in the first six months of life (Reilly et al. 2007), Reilly 

and Wells went on to form the assumption that breast milk would not fulfil energy 

requirements of the exclusively breast-fed infant at 6 months, based on theoretical 

calculations (Reilly & Wells 2007). However, the calculations of energy requirements 

were based on the 1990 UK growth charts which are well known to misestimate the growth 

of breast-fed infants as they were based on formula-fed infants. In fact, a later study from 

some of the same authors (Nielsen et al. 2011), concluded that compared to the WHO 

growth standards, exclusive breastfeeding in healthy mothers and infants was sufficient to 

support growth up to 6 months.  

 

The European Society for Pediatric Gastroenterology, Hepatology and Nutrition 

(ESPGHAN) commentary paper on complementary feeding, acknowledged that the debate 

over the duration of exclusivity of breastfeeding overshadowed the potential effect of the 

appropriate age of solids introduction and that there was lack of evidence in industrialised 

countries in that respect (Agostoni et al. 2008). Its main recommendation was for mothers 

to aim to  breastfeed exclusively for 6 months but the committee still recommended a 4-6 

months window for solids introduction (Agostoni et al. 2008). Although other aspects of 

health were discussed, the timing of solids introduction was only considered in the light of 

disease prevention in terms of allergy, coeliac disease and diabetes mellitus, perhaps 

reflecting the nature of the panel, as the vast majority consisted of paediatricians and 

gastroenterologists. Although neurodevelopmental readiness for receiving solids more 

efficiently at 6 months compared to 4 months was acknowledged, it was not taken into 

consideration in the final recommendations on introduction of solids. Finally, food 

preferences and nutritional adequacy were not reviewed in the light of timing of 

complementary feeding before and after 6 months.  

 

A year later, the European Food Safety Authority (EFSA) reviewed the available evidence 

with regards to the age of solids introduction (EFSA Panel on Dietetic Products 2009). 

Initially it was acknowledged that breast milk is nutritionally adequate for up to 6 months; 
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however it noted the lack of parallel nutrient and anthropometric data after 6 months. The 

report followed a similar line of arguments to the one by ESPHGAN and for most cases 

such as growth, food preferences, obesity, type 2 diabetes, allergy and infection there was 

either limited, or no strong evidence of an association with the timing of solids 

introduction. Its final recommendation however was that introducing solids between 4-6 

months is safe for both short-term and long-term health outcomes. There was no 

information of the methods used to extract the relevant literature or how the data from the 

studies quoted in the report fared in terms of quality. 

 

A review paper by Fewtrell and colleagues in the British Medical Journal (BMJ) in 2011 

asking for the existing guidelines for solids introduction at 6 months to be revised (Fewtrell 

et al. 2011), sparked an intense debate both in the media as well as the scientific 

community with advocates on both sides of the argument speaking out.  Fewtrell et al 

reviewed the literature selectively, did not provide a clear search strategy of the literature 

cited and did not rate the strength of the evidence provided. There were potential conflicts 

of interest due to the authors’ associations with the infant food industry as well. Finally, 

the studies quoted were already known to the scientific community and therefore the paper 

did not add to the existing knowledge.  

 

The ESPHGAN commentary paper was criticized in 2011 by Cattaneo and colleagues 

(Cattaneo et al. 2011) for the lack of a systematic approach to the retrieval, analysis and 

interpretation of the literature used as well as conflicts of interest, as ESPHGAN and some 

of its authors have been receiving funding or other support from the infant milk and infant 

food industry. The authors concluded that the ESPHGAN report as well as the EFSA 

report (which shared the main author) should be treated as expert opinions, which provide 

the lowest level of quality in evidence-based medicine. Cattaneo et al. proposed that the 

developmental readiness of the infant to cope with foods other than milk should be taken 

into account, when assessing the appropriate age to introduce solids. The authors went on 

to describe the concept of a “window of achievement”, a time period within which the 

combination of neurodevelopment of reflexes as well as immune, renal and gastrointestinal 

maturation allows the infant to safely ingest solid food. Although there is no certainty 

about the exact timeline, it should be treated as any other developmental milestone and 

include a range of ages rather than one particular time point. They described this range as a 

negatively skewed bell-shaped curve with the mode around 6 months and the tails between 
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4 and 10 months. Therefore, they suggested that most infants would be ready for solid 

foods around 6 months and very few at around 4 months. The authors concluded that the 

concept of the developmental achievement window compliments the current infant feeding 

recommendations. However, due to ethical constraints, the existence of such window 

cannot be experimentally verified and therefore the concept remains fairly empirical and 

theoretical.  

 

In summary, reviews comparing the timing of solids introduction before and at/after 6 

months, provided very mixed results due to lack of good quality original studies from the 

developed world, selective review of the available evidence as well as potential conflicts of 

interest of some of the authors with the infant food industry.  

 

The next sections will explore the evidence on the  of age of solids introduction and mode 

of complementary feeding on growth, nutrient adequacy, iron status and eating behaviours. 

2.3 Timing of solids introduction and growth  

2.3.1 Infant growth patterns before the introduction of solids  

Infant growth depends primarily on what and how much infants are being fed and the rate 

at which they grow and is an important determinant of later disease risk (Weaver 2012). 

Birth weight is a general index of the infant’s intrauterine growth and subsequent growth 

measurements summarise the infant’s overall development. There are marked differences 

in growth rates between breast-fed infants and formula-fed infants, primarily due to 

differences in the composition of the milks and the amounts taken.  Breast-fed infants lose 

more weight over the first few days after birth than bottle-fed infants (median 6.6% for 

breast-fed over 3.5% for bottle-fed, P<0.001) and they regain the lost weight later than 

bottle-fed infants (median 8.3 days for breast-fed versus 6.5 days for bottle-fed, P<0.001) 

according to Macdonald and colleagues (Macdonald et al. 2003). One of the reasons for 

this could be the time required to establish milk production and a regular breastfeeding 

routine between the mother and the newborn infant. Most infants reach their nadir weight 

(i.e. the lowest  weight before weight gain begins) between day 2-3 post-partum 

(Grossman et al. 2012). After the first week of life and up to 2-3 months, growth rates tend 

to level between breast-fed and formula-fed infants for both weight and length (Butte et al. 

2000; Dewey et al. 1992; Koletzko et al. 2009). After 3 months however, growth patterns 

begin to deviate again between the 2 groups of infants. Results from the Generation R 
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study in the Netherlands, showed that between 3-6 months of age, duration and exclusivity 

of breastfeeding was inversely associated with weight-for-age and length-for-age z-scores 

(Durmuş et al. 2011). Growth patterns during infancy are also reflected in energy 

requirements in this period; the proportion of energy required for growth is very high in the 

first 3 months (35% of total energy requirements), then drops to half in the next 3 months 

(17.5%), 3% at 12 months and 2% in the second year of life (Scientific Advisory 

Committee on Nutrition) (Scientific Advisory Committee on Nutrition 2011b).   

The UK 1990 growth charts were based primarily on formula-fed or mixed-fed infants and 

therefore the slower growth of breast-fed infants (which was evident as “dropping centiles” 

on the chart) was perceived as growth faltering from the second half of infancy. By 12 

months, breast-fed infants were lighter by as much as half a centile compared to formula-

fed infants (SACN 2007).  

Recognising the difference in the growth rate of breast-fed infants, the WHO published 

new growth standards based on longitudinal data (24 months follow up) from 6 countries 

(Brazil, Ghana, India, Norway, Oman and USA) and cross-sectional data (infants aged 18-

71 months) of infants growing up under optimal conditions, exclusively or predominantly 

breast-fed for at least 4 months (in the longitudinal study) or 3 months (in the cross-

sectional study) and introduced to solids by 6 months. The organisation’s evaluation of the 

infant growth found that breast-fed infants were much leaner than formula-fed infants; 

however, this did not represent a faltering in growth. From 2-12 months weight-for-age z-

scores were declining whereas length-for-age z-scores declined earlier and plateaued or 

slightly increased at around 8 months (World Health Organisation 1995). Z-scores are a 

way of standardising raw data and are calculated by subtracting the raw value from the 

population mean and then dividing this by the standard deviation of the mean (z= (x-μ)/σ). 

The resulting score represents the number of standard deviations that the measurement 

deviates from the mean (in this case, the growth standards used). A negative z-score 

indicates a data point below the average; a positive score indicates a data point above the 

average. A small z-score indicates that a data point close to the mean. 

The main difference between the growth references previously used and growth standards 

is that growth references reflect the current state of the population and hence can change 

over time and do not necessarily represent the optimal growth. Conversely, the new growth 

standards are based on normal growth among a population of infants fed according to 

current infant feeding recommendations. In 2007, SACN recommended the adoption of the 

WHO growth standards in the UK from the age of 2 weeks onwards (to account for weight 
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adjustments during  the first 2 weeks post-partum, differences in birth weight and 

gestational age (Scientific Advisory Committee on Nutrition 2007a). In 2009, the WHO 

standards were introduced in clinical practice in the UK and are currently used to assess 

growth from birth to 4 years (Scientific Advisory Committee on Nutrition 2011b). They 

represent a growth pattern under ideal conditions, whereby growth is not restrained by 

environmental factors (Ziegler & Nelson 2010). 

According to a review by Ong and Loos (Ong & Loos 2006) there is strong 

epidemiological evidence to suggest that in healthy full-term infants, rapid weight gain 

increases the risk of obesity in later life by 2-3 fold and to a lesser extent the risk of heart 

disease and other metabolic consequences (Belfort & Gillman 2013). Data from systematic 

reviews and meta-analyses continue to demonstrate a protective effect of breastfeeding 

against later obesity (Koletzko et al. 2013). Data from the IDEFICS study, which examined 

the role of exclusive breastfeeding on measures of overweight and obesity in 14726 

children aged 2-9 years from 8 European countries found that, after controlling for 

socioeconomic factors and maternal overweight, breastfeeding exclusively for 4-6 months 

was protective of overweight and obesity (OR = 0.73; 95 % CI 0.63, 0.85). Also, 

exclusively breastfeeding for 6 months offered a marginally higher protection than 

breastfeeding for 4 and 5 months (OR = 0.71; 95 % CI 0.58, 0.85) (Hunsberger et al. 

2013). 

Even though there is sufficient evidence concerning the protective role of breastfeeding 

against rapid weight gain and future metabolic consequences, there is still relatively little 

information about the effect of the age of solids introduction in the growth patterns of 

infants both in the short-term and long-term.  

 

2.3.2 Infant growth patterns after the introduction of solids 

There is still lack of evidence with regards to the age of solids introduction and growth 

especially in terms of the risk of overweight and obesity in later life (Lanigan et al. 2001). 

Studies examining the age of solids introduction and anthropometric measurements 

provide mixed results. Most studies examining the effect of the complementary feeding 

period on growth, have compared either just formula-fed infants or breast-fed versus 

formula-fed infants. Results from the DARLING study indicate that there are large 

differences in indices of body fatness between breast-fed and formula-fed infants, 

especially during the later complementary feeding period of 9-15 months of age. Feeding 
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mode was no longer significant after adjusting for energy intake, however formula-fed 

infants had consistently higher energy intakes than breast-fed infants (Dewey et al. 1993).  

Data from 5 observational studies in the UK of formula-fed infants reviewed by Morgan 

and colleagues showed that those introduced to solids earlier were larger at 12 weeks than 

those introduced to solids later. However, by 18 months there were no differences in 

growth parameters between groups (Morgan et al. 2004). 

A randomised trial in the Honduras showed that the age of solids introduction did not 

influence growth patterns up to 6 months of age in 3 groups of infants; those exclusively 

breast-fed for 6 months, infants who were introduced to solids at 16 weeks and maintained 

the pre-intervention breastfeeding frequency and those who were introduced to solids with 

ad libitum breastfeeding. Although the infants grew at a faster pace between birth and four 

months, their growth patterns from 4-6 months were similar to an American sample of 

breast-fed infants (Cohen et al. 1994). However the study had a high dropout rate (66%) 

and the solids introduced were commercially prepared foods provided by the researchers. It 

could be possible therefore that participants changed their behaviour in terms of frequency 

of feeding because of the study. Breastfeeding frequency was also significantly higher at 

home compared to the time the mothers spent in the clinical investigation unit during data 

collection for the study. Also there was no further information about the growth of the 

infants who exclusively breast-fed for six months beyond that time point when solids were 

introduced.   In a subgroup of 60 breast-fed infants from the DARLING study, Heinig and 

Nommsen found that those in the later solids introduction group (26 weeks or later, n=19) 

had a slower weight gain rate (but not length gain rate) than those in the early solids 

introduction group (16-25weeks, n=41) from 6-9 months.  There was no significant 

association between age of solids introduction and weight and length from 1 to 18months 

(Heinig & Nommsen 1993). It is unclear how many of the infants in the study were 

exclusively breast-fed as the inclusion criteria called for infants in the breast-fed group to 

not consume more than 120ml/day of other milk or formula in the first 12 months of the 

study. 

Baird et al using data from 1740 infants from the Southampton Women’s survey showed 

that infants who were introduced to solids before 5 months were heavier and longer at 6 

months than those introduced to solids at 5 months or later. However the growth of the 

later complementary feeding group did not differ from the earlier group of infants with or 

without adjustment for milk feeding in the first 6 months. During the second half of 

infancy (6-12 months) those whose diet was closer to the infant feeding guidelines 



 
14 

 

(homemade foods, fruit and vegetables, continuation of breastfeeding) grew more rapidly 

in weight, length and adiposity than those with a diet of processed foods. All the 

associations were independent of maternal education, parity and smoking during 

pregnancy  (Baird et al. 2008). Data from the same cohort did not show an association 

between age of solids introduction and BMI at four years of age, after adjusting for 

confounding factors (Robinson et al. 2009).  

A study by Sloan et al followed 210 infants from birth to 14 months. Infants were 

categorised as early weaned (before 4 months) versus late weaned (after 4 months). Those 

who were introduced to solids early had significantly higher weight-for-age z-scores at 7 

months (p=0.005) and 14 months (p=0.04) and  increased weight gain rate between 8weeks 

and 14 months (p=0.003). When duration of breastfeeding was taken into account, the 

relationships were slightly attenuated but still remained significant (Sloan et al. 2008). 

However, duration of breastfeeding in this study was defined as any breastfeeding 

regardless of the introduction of other milks, formula milk or solids. Breastfeeding was 

initiated by 68% of the sample (n=148) and by 6 months only 42 infants were still breast-

fed. Therefore it is unclear what effect exclusivity of breastfeeding had on growth in this 

group.  

Results from the Viva La Familia study, which looked at the effect of genetic and 

environmental factors on obesity, did not find any association between obesity and 

exclusive breastfeeding (p=0.58) or age of solids introduction (p=0.6) in a group of 1030 

Hispanic children. The authors argued that although breastfeeding is protective, other 

factors such as socioeconomic status and rapid weight gain are more important risk factors 

for obesity in childhood (Butte 2009). Only a third of the sample had breast milk as the 

only source of milk and although there was information on the exclusivity there was no 

information on its duration and effect. Moreover, information on infant feeding practices 

was collected retrospectively (as the eligibility criteria was children aged 4-19 years) and 

therefore there is the potential for a wide variation of recall bias in terms of infant feeding 

practices.  

Examining the combined effect of breastfeeding and complementary feeding has produced 

mixed results. Burdette and colleagues did not find significant associations between 

adiposity and duration of breastfeeding and age of solids introduction (before and after 4 

months) after adjusting for confounding factors such as socioeconomic status, maternal 

obesity and smoking (Burdette et al. 2006). A study by Baker and colleagues found that 

infants who were breast-fed for longer and were introduced to solids later had slower 
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weight gain rates by 1 year of age. Pre-pregnant maternal BMI explained some of the same 

variance in infant weight gain (Baker et al. 2004). However due to the questionnaire 

design, it was not possible to establish when exclusive breastfeeding ceased.  

The associations between the risk of obesity and the age of complementary feeding, 

exclusivity and duration of breastfeeding and formula feeding are not clear. A recent 

literature review by (Moorcroft et al. 2011) which reviewed 24 studies (34,000 

participants), examined the association between age of solids introduction and risk of 

obesity in early (<12 months) and later life (1-18 years); it included studies with breast-fed 

and formula-fed infants but did not find consistent associations. However, there was some 

evidence of self-regulation of energy intake in breast-fed infants, not only in the first 

months of life, but also during the complementary feeding period, when compared to their 

formula-fed counterparts (Nommsen-Rivers & Dewey 2009) which warrants further 

investigation. Higher intakes in mixed-fed and formula-fed infants from the ALSPAC 

study predicted greater gain at ages 1,2 and 3 years and higher BMI between 1-5 years, 

something that was not observed in breasted infants (Ong et al. 2006). Even though breast-

fed infants had lower BMI than formula-fed infants, the differences were not very large 

and could be due to confounding factors (Owen et al. 2005).  

There is a wide variation in the results from studies looking at the effect of age of solids 

introduction and growth, in terms of using different cut-off points (with the majority using 

before/after four months), settings (developed/developing world), timing of collection of 

infant feeding information (most studies did this retrospectively), confounding factors 

adjusted for, as well as study end points (ranging from a few months post-partum until 

adulthood). Most of the studies were observational, with small to medium sample sizes and 

the majority did not include information on both duration and exclusivity of breastfeeding.  

 

2.3.3 Infant growth patterns and baby-led weaning  

The popularity of baby-led weaning is growing, as it is seen as a more natural approach to 

infant feeding. In the latest infant feeding survey 4% of mother reported that the first solid 

food introduced to their infants was a finger food (McAndrew et al. 2012b). However, the 

extent to which infant self-feeding with finger foods may be affecting growth, especially in 

the immediate complementary feeding period is yet to be investigated. There has only been 

one study so far looking at growth and baby-led weaning, which was based on parental 

self-report of weight and length, which was collected retrospectively (20-78 months) and 
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was compared to growth measures taken by the researchers from a group of spoon-fed 

infants. The researchers found higher rates of underweight in the baby-led weaned group 

and higher rates of overweight in the spoon-fed (Townsend & Pitchford 2012). However, 

apart from the self-reported growth measures in the baby-led group, there were additional 

methodological issues in the study. The sample was small, self-selected and the two groups 

were not recruited in the same way: the spoon-fed group was selected through a university 

database, whilst the baby-led weaned group was recruited via the internet. 

2.4 Timing of solids introduction and diet 

2.4.1 Nutrient requirements in infants and toddlers 

In 1991 the Committee on Medical Aspects of Food Policy (COMA) devised a set of 

reference values for nutrient intakes for the UK population (Dietary Reference Values, 

DRVs). DRVs have been used ever since to assess the adequacy of population nutrient 

intakes by age group. Nutrient reference values fall into three categories: The Estimated 

Average Requirement (EAR) which is an intake sufficient for 50% of the population,  the 

Reference Nutrient Intake (RNI) defined as two standard deviations above the EAR and 

therefore intakes above that would be adequate for 97.5% of the population and the Lower 

Reference Nutrient Intake (LRNI), which is two standard deviations below the EAR, 

represents the lowest intakes which will meet the needs of approximately 2.5% of 

individuals in the group. In practice, this means that if a group’s mean nutrient intakes are 

above or equal to the RNI, the risk of deficiency in that group is likely to be small. If 

however the mean nutrient intakes of a group are below the LRNI, there is a great risk of 

nutrient deficiency. RNIs and LRNIs for protein, vitamins and minerals at ages 8 and 18 

months are shown in Table 2-1.   

Looking at iron requirements in particular, COMA recognised that infants and toddlers are 

vulnerable to iron deficiency due to their high iron requirement for growth, especially in 

the complementary feeding period where late weaning and/or inappropriate weaning foods 

may accentuate the problem.  Iron requirements were estimated taking into consideration 

iron losses, growth requirements, and dietary bioavailability. In breast-fed infants it was 

assumed that 50% of breast milk iron is absorbed as opposed to 10% of dietary iron in 

formula-fed infants up to 3 months of age. At ages above 3 months, an iron absorption of 

15% was used to calculate the dietary reference values (DRV) (Committee on Medical 

Aspects of Food Policy (COMA) 1991). SACN’s report on iron and health highlighted the 
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lack of good quality data in terms of uptake and losses, physiological adaptation to low 

systemic iron and iron stores (Scientific Advisory Committee on Nutrition 2010). 

Therefore the estimates on iron requirements may be too conservative and overcautious. 

There are also questions regarding the necessity of setting of dietary iron requirements for 

the first six months of life as the body relies upon its endowment from birth to meet 

requirements in this time period (Scientific Advisory Committee on Nutrition 2010). 

 

Table 2-1 Dietary Reference Values (DRVs) for energy and nutrients by age  

Nutrient (unit of measurement) per day  DRVs 
Age 

8months  18 months 

     

Energy (KJ/kg/d)
a 

EAR (boys) 330 -  

  EAR (girls) 328 -  

Energy (kcal /kg/d)
a
 EAR (boys) 79 -  

 
EAR (girls) 78   

Energy (KJ/d)
a 

EAR (boys) -  370 

 EAR (girls)   345 

Energy (kcal /d)
a
 EAR (boys) -  884 

  EAR (girls) -  824 

Protein (g/d)
b
 RNI 13.7  14.5 

Thiamine (mg/1000kcal)
c
 RNI 0.30  0.40 

  LRNI 0.20  0.23 

Riboflavin (mg/d) RNI 0.40  0.60 

  LRNI 0.20  0.30 

Niacin (mg niacin equivalents./1000kcal)
c
 RNI 6.6  6.6 

  LRNI 4.4  4.4 

Vitamin B6 (μg/g protein)
d
 RNI 10.0  15.0 

  LRNI 6.0  11.0 

Vitamin B12 (μg/d) RNI 0.4  0.5 

Folate (μg/d)
b
 RNI 50  70 

 LRNI 30  35 

Vitamin C (mg/d) RNI 25.0  30.0 

  LRNI 6.0  8.0 

Vitamin A (retinol equivalents) (μg/d) RNI 350  400 

 LRNI 150  200 

Vitamin D (μg/d)
b
 RNI 7.0  7.0 

Calcium (mg/d) RNI 525  350 

 LRNI 240  200 

Phosphorus (mg/d) RNI 400  270 

Magnesium (mg/d) RNI 75  85 
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Nutrient (unit of measurement) per day  DRVs 
Age 

8months  18 months 

     

  LRNI 45  50 

Sodium (mg/d) RNI 320  500 

  LRNI 200  200 

Potassium (mg/d) RNI 700  800 

 LRNI 400  450 

Chloride RNI 500  800 

Iron (mg/d) RNI 7.8  6.9 

 LRNI 4.2  3.7 

Zinc (mg/d) RNI 5.0  5.0 

  LRNI 3.0  3.0 

Copper (mg/d)
b 

RNI 0.30  0.40 

Selenium (μg/d) RNI 10  15 

 LRNI 5  7 

Iodine (μg/d) RNI 60  70 

  LRNI 40  40 

The age groups presented are those for which different RNI and LRNI values have been 

calculated. DRVs are presented as 8 and 18 months. The COMA age groups were 7-9 

months and 1-3 years however for the purposes of this study they are represented this way 

for clarity. 

Department of Health. Dietary Reference Values for Food Energy and Nutrients for the 

United Kingdom. London. HMSO. 1991. [Report on Health and Social Subjects: 41] 

Abbreviations: EAR: Estimated Average Intake, RNI: Reference Nutrient Intake, LRNI: 

Lower Reference Nutrient Intake, KJ: Kilojoules, Kcal: kilocalories, d: day, g:gram, mg: 

milligram, μ: microgram 
a
Calculation based on body weight and age in months (up to 12 months) and years (aged 1 

year and over).For children aged under one year, energy intakes are compared with the 

mixed or unknown feeding group for estimated average requirement (EAR) for energy. For 

those aged 12 to 18 months, intakes are compared to the physical activity level (PAL) 

adjusted for growth for boys and girls (SACN, 2011) 
b 

There is no LRNI for protein, Folate, Vitamin D and Copper (COMA 1991) 
c
 Calculated values based on Estimated Average Requirement (EAR) for energy; calculated 

values from quoted LRNIs mg/1000kcal. 
d 

Based on protein providing 14.7% of the EAR for energy; calculated values from quoted 

LRNIs μg/g protein. 
 

2.4.2 Nutritional adequacy after the introduction of solids 

Studies on nutritional adequacy of complementary feeding have mainly focused on 

developing countries (Cohen et al. 1994; Batal et al. 2010) or at-risk infant populations, 

such as those born prematurely (King 2009; Fanaro et al. 2007) or those born to HIV 
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infected mothers (Becquet et al. 2006). In the case of developing countries, there are many 

extrinsic factors that can affect the provision of nutrients in the infant’s diet, such as food 

security, food availability and hygiene which do not apply to infants from developed 

countries.  In terms of preterm infants, due to the fact that acquisition of several nutrients 

such as iron occurs during the last trimester, their nutritional requirements deviate 

markedly from those born to term and therefore need different nutritional interventions. 

Nutritional adequacy of breast milk from a well-nourished mother to a term infant should 

be sufficient until 6 months for most nutrients apart from Vitamin D (due to the minimal if 

any sun exposure to the sun) and zinc, as its concentration in milk declines after 4-5 

months irrespective of maternal zinc status (Foote & Marriott 2003). 

A growing number of studies have been conducted to assess the effect of complementary 

foods and age of introduction in the infant’s diet on the development of food allergies 

(Mihrshahi et al. 2007; Zutavern et al. 2008; Nwaru et al. 2010) and coeliac disease 

(Ludvigsson & Fasano 2012; van Odijk et al. 2004) with conflicting results regarding the 

timing of introduction of certain solids foods and increased risk of allergy sensitisation, 

eczema or coeliac disease. However, there is a lack of studies looking at nutrient intakes in 

the early complementary feeding period (8-9 months). The Southampton Women’s Survey 

research group compared infants’ diets at 6 and 12 months using a food frequency 

questionnaire and a 4-day weighed diary. Both methods showed reasonable agreement for 

most nutrients, however there was wide variation in intakes of energy and calcium for 

breast-fed infants (28% of the sample) compared to formula-fed infants. Exclusivity of 

breastfeeding was not defined and median age of solids introduction for the whole sample 

was 17.4 weeks (Marriott et al. 2008).  

Principally breast-fed infants constitute a subgroup that could be a cause particular concern 

because, as they tend to be introduced to solids later, they don’t receive fortified milk, 

which is the main source of several nutrients at this time point. For example, data from the 

Diet and Nutrition Survey of Infants and Young Children (which only identified 2 

exclusively breast-fed infants out of 2683 infants and toddlers) showed that 57% of daily 

zinc intakes and 56% of daily iron intakes in 4-6 month old infants came from infant 

formula (Lennox et al. 2013). As a result, principally breast-fed infants could be more 

susceptible to nutritional deficiencies in the immediate period after 6 months where breast 

milk alone is not sufficient to meet the growing requirements for nutrients and the 

transition to solids foods is not yet fully established. 
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The ALSPAC team has produced a valuable insight into diets of infants at 8 and 18 months 

by using a large sample size and focusing on infant feeding practices including type of 

milk feeding and age of solids introduction. Noble and colleagues (Noble et al. 2001) 

looked at energy and nutrient intakes in a subset of the ALSPAC study population and 

compared the findings with the latest (at the time) national diet and nutrition survey for 

infants by Mills and Tyler (1996). Results for breast-fed infants (n=260) showed that they 

had significantly lower intakes of energy, protein, carbohydrate, vitamins and minerals 

than infants who were not breast-fed (n=871, p<0.01) before and after controlling for 

gender. In terms of food intakes, there were high intakes of whole cow’s milk (mean 226g 

among 49% of sample) and commercial infant foods (146g, 74% of the sample).  The 18 

month follow up of the ALSPAC children showed that intakes of vitamins and minerals 

were within the recommended nutrient intakes for that age group. However, mean iron 

intakes were just below or around the Recommended Nutrient Intakes (RNI) (5.5mg/day 

for boys and 5.2mg/day for girls) and the median intake was below the Estimated Average 

Requirement (EAR) for that age group. Intakes of vitamin D were also very low and zinc 

intakes were marginal (Cowin & Emmett 2001). This data is consistent with figures from 

the rolling national diet and nutrition survey which have also indicated that diets of 

toddlers are nutritionally adequate and there is little cause of concern apart from Vitamin D 

and to a lesser extent iron (Bates et al. 2012). However the 1.5 year age group studied was 

incorporated into the 1.5-4 year age group and was not looked at separately due to its small 

sample size, therefore it is difficult to ascertain whether potential low intakes of nutrients 

at 1.5years were masked by higher intakes from older children.  

Up until recently, there were no data on nutritional intakes on a nationally representative 

sample in the UK after the adoption of the WHO infant feeding guidelines by the 

Department of Health, until the publication of the national diet and nutrition survey for 

infants and young children in 2013 (Lennox et al. 2013). The report provides quantitative 

information of infant diets from 4-18 months but out of 2683 infants only 2 were 

exclusively breast-fed between the ages of 4-6 months (Lennox et al. 2013) and analysis 

did not include stratification by age of solids introduction.  

A recent blinded randomised controlled trial in Iceland looking at iron status in infants 

exclusively breast-fed for 6 months and those introduced to solids at 4 months also 

examined selected nutrient intakes from complementary foods only  at 5 ¼ months. Mean 

intakes of complementary food were very small (92.2 ± 66.5 g) and provided 10% of RDI 
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(recommended diet intake), protein 18%, calcium 6% vitamin C 44% and vitamin D 43% 

(Jonsdottir et al. 2012). In a different study by the same research group, it was shown that 

the complementary feeding group consumed significantly less milk (818 ± 166ml) than the 

breastfeeding group (901±158ml, p=0.012). Although breast milk intakes in this study 

were consistent with WHO recommendations, energy intakes for both groups were below 

the WHO guidelines for energy requirements (Wells & Jonsdottir 2012).  Several other 

“problem nutrients” have been identified which are relevant in both developed and 

developing settings. These include iron, zinc, calcium, Vitamin A in some developing 

countries (Brown 2007) as well as vitamin B12 and riboflavin (Foote & Marriott 2003).  

2.4.3 Nutritional adequacy and baby-led weaning 

Research in baby-led weaning practices has only just started emerging and there have been 

no studies looking in detail at nutrient intakes in BLW infants and whether they are 

comparable to infants who were not following the baby-led weaning approach. Rowan and 

Harris (Rowan & Harris 2012) looked at a proxy measure of assessing intakes of infants by 

comparing the diet of 10 parents of infants who were just starting to consume solid foods 

using the baby-led weaning approach with the types of foods offered to their infants to 

assess similarities between the 2. The foods that infants were being offered were in fact 

foods that at least one of the parents was also consuming, confirming that one of the 

principles of BLW (eating family foods) was followed. Although the study provided a 

valuable insight into the diet characteristics of parents and their infants, it recorded foods 

offered to infants but not necessarily consumed (or how much was consumed) and 

therefore there can be no inference on the nutritional adequacy in the diet of this group. 

Apart from the small sample size and the fact that the research was conducted via the 

internet and therefore open to bias (which are limitations acknowledged by the authors), 

intakes of nutrients from the parental diet records did not take into account the potential 

confounding effect of energy intake or any socioeconomic factors (which were not 

collected at the beginning of the study). Another recent study by Townsend and Pitchford 

looked at the effects of method of complementary feeding (baby-led versus spoon-fed) in a 

small sample of infants on food preferences and liking of specific foods and food groups. 

They found that the only difference in preferences between the baby-led and the spoon-fed 

groups was among carbohydrates (p=0.003) and that the baby-led group liked 

carbohydrates the most (although it is not clear if the term refers to starchy carbohydrate or 
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total carbohydrate), as opposed to the spoon-fed group who liked sweet foods the most. 

There were however  no quantitative data on actual intakes (Townsend & Pitchford 2012).  

 

2.5 Timing of solids introduction and iron status  

2.5.1 Iron function and distribution 

Iron is an abundant trace element essential for almost all living organisms. Due to its 

ability to readily donate and accept electrons, it plays an important role as part of enzymes 

in many physiological processes, such as mitochondrial respiration, the citric acid cycle 

and DNA synthesis. It also plays an important role in oxygen transport as part of 

haemoglobin as well as in oxygen storage and use in muscles as component of myoglobin 

(Geissler & Singh 2011). However, its high reactivity could render it potentially toxic 

(Chua et al. 2007). Due to the highly hazardous nature of free iron, it is always bound to 

high affinity proteins in the human body.  The human body contains about 3-5g of iron The 

distribution of iron in the body is shown in Figure 2-2 (Papanikolaou & Pantopoulos 

2005). There are three pools of iron distribution in the human body (Edison et al. 2008):  

 

 Functional iron as Haemoglobin and Myoglobin (Muñoz et al. 2009). 

 Transport iron as Transferrin (Tf) (Muñoz et al. 2009). 

 Storage iron as ferritin and haemosiderin (Scientific Advisory Committee on 

Nutrition 2010). 

 

Iron is obtained solely from dietary sources (Nadadur et al. 2008). Dietary iron is found in 

two forms: haem iron (10% of total dietary iron intake in a typical western omnivorous 

diet) which derives from the haemoglobin and myoglobin of animal sources and non-haem 

iron (90% of total dietary iron intake) which derives from plant sources (Beard and Han 

2009). The average western diet contains 15-20mg of iron per day, however only 1-2mg of 

iron is absorbed (Muñoz et al. 2009). This is because it is estimated that 15-35% of haem 

iron can be absorbed as opposed to less than 10% of inorganic non-haem iron 

(Zimmermann & Hurrell 2007). 
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Figure 2-2 Iron distribution 

 

 

(Papanikolaou & Pantopoulos 2005) 

2.5.2 Assessment of iron status 

The spectrum of iron status extends from iron deficiency to iron sufficiency and excess.  

Assessment of iron status therefore involves determining where on this spectrum an 

individual’s iron markers lie. As there is no one single marker for assessing iron status, 

interpretation of a combination of markers is needed in order to diagnose deficiency or 

excess. Even then, cut-off values are not necessarily diagnostic but the greater the 

deviation from the reference ranges, the higher the chance of the existence of a 

pathological iron status (Scientific Advisory Committee on Nutrition 2010).  Iron 

deficiency can occur due to the interaction of three risk factors: increased requirements 

(e.g. pregnancy), limited supply (e.g. malnutrition) or excessive losses (e.g. haemorrhage) 

(Muñoz et al. 2009).  There are three iron deficiency states:  

 

 Iron deficiency (ID): Also referred to as depleted iron stores (Beard & Han 2009) 

whereby cellular storage iron in depleted with or without anaemia (Zimmermann 

2008).  
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 Iron deficiency anaemia (IDA): is defined as iron deficiency and low haemoglobin.  

Clinical diagnostic criteria include low serum transferrin saturation (<15%), low 

serum ferritin concentration (<12μg/l) and elevated soluble TfR (≥6mg/l) (Beard & 

Han 2009).  

 Iron deficient erythropoiesis (IDE): The circulating iron is reduced to such an 

extent that erythropoiesis is affected. It is often associated with inflammation and 

malignancy (Zimmermann 2008). 

 

The World Health Organization reviewed all the markers for assessing iron status and 

concluded that haemoglobin is the best measure for assessing the severity of iron 

deficiency when used with other markers and that ferritin is the single most useful 

indicator of iron status unless an individual has widespread infection (in which case 

transferrin receptor concentration needs to be used additionally) (World Health 

Organization & Centers for Disease Control and Prevention 2007). 

The WHO has defined anaemia in infants and children below 5 years of age as 

haemoglobin levels less than 110g/l and ferritin levels below 12μg/l (World Health 

Organization 2001). However, there has been concern that these values are too high 

especially for the first two years of life and overestimate the prevalence of anaemia in this 

age group. A study of breast-fed iron replete infants (as assessed at 4,6 and 9 months 

respectively) from Sweden and Honduras (n=263) suggested lower cut-offs for 

haemoglobin (105 g/l at 4-6 months and 100 g/l at 9 months) and ferritin (20μg/l at 4 

months, 9 μg/l at 6 months and 5 μg/l at 9 months) (Domellof, Dewey, et al. 2002).  In the 

UK, the Avon Longitudinal Study of Pregnancy And Childhood (ALSPAC) established 

cut-offs for haemoglobin and ferritin at the 5
th

 centile of a randomly selected population. 

Haemoglobin levels were 97g/l at 8 months and 100g/l at 18 months (Emond et al. 1996) 

whilst ferritin levels were 16μg/l at 8 months and 12μg/l at 18 months of age (Sherriff et al. 

1999). 

 

2.5.3 Factors affecting iron status in the perinatal period  

Foetal iron stores during gestation are estimated to contain about 250mg of iron 

(Zimmermann & Hurrell 2007). Approximately 60% of this is accumulated during the 

third trimester of gestation (Rao & Georgieff 2007). Iron requirements in pregnancy are 

increased in order to meet maternal blood cell expansion as well as foetal development 
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(Tapiero et al. 2001). However, there is no need for extra iron intakes in pregnant women 

as increased absorption of dietary iron, savings from cessation of period and mobilisation 

of cellular iron stores make up for the increased demand for iron(Committee on Medical 

Aspects of Food Policy (COMA) 1991). A ferritin level of 12 μg/l seems to be the cut-off 

point below which foetal iron accretion may be affected (Rao & Georgieff 2007). 

Therefore even mild to moderate maternal iron deficiency does not affect foetal iron 

acquisition (Rao & Georgieff 2002), although these infants are at a higher risk of 

developing iron deficiency anaemia between 6 and 12 months of age (Rao & Georgieff 

2007). Severe maternal iron deficiency can affect foetal iron stores (Dewey & Chaparro 

2007) and can affect 30-50% of pregnancies worldwide making it the most common 

perinatal cause of iron deficiency. Also, severe maternal copper deficiency can affect iron 

metabolism and can lead to anaemia and build-up of iron in the hepatocytes. The foetus is 

directly affected by receiving less iron and therefore has an increased risk of being born 

prematurely and/or with a low birth weight (Gambling et al. 2008). Perinatal iron 

deficiency can be caused due to gestational conditions of the mother such as diabetes 

mellitus, smoking and intrauterine growth restriction. They all cause through different 

mechanisms foetal hypoxia which in turn increases erythropoiesis and therefore increases 

foetal iron requirements (Rao & Georgieff 2007). Delayed cord clamping contributes to the 

increased neonate iron endowment. Chaparro and colleagues (Chaparro et al. 2006) found 

that a 2 minute delay in cord clamping increased iron stores at birth and at 6 months, even 

in low birth weight infants or infants born to iron deficient mothers. Prematurity and the 

associated low birth weight are also risk factors for iron deficiency. As the majority of iron 

stores is obtained during the third trimester, the preterm infant is deprived of that chance so 

premature infants have both lower haemoglobin and ferritin concentrations at birth 

compared to a full-term infant (Rao & Georgieff 2002). Moreover, catch-up growth and 

increased postnatal erythropoiesis cause the early depletion of the already compromised 

iron stores in premature infants. Combined with additional iatrogenic causes such as 

delayed iron supplementation, blood losses during medical procedures (such as 

phlebotomy) and recombinant erythropoietin practices without iron supplementation (Rao 

& Georgieff 2007), premature infants are at increased risks of iron deficiency states. 
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2.5.4 Infant iron metabolism in the first six months of life 

After an initial period of physiological anaemia, haemoglobin levels start to increase from 

2 months and there is a shift in iron distribution in the body although the total body iron 

(TBI) content stays stable up until 6 months of age. These changes in iron content and 

distribution from birth to 6-12 months are displayed in Table 2-2 (Dewey & Chaparro 

2007). 

 

Table 2-2 Changes in iron content and distribution in the first six months of life  

Age 

(months) 

Haemoglobin 

(% TBI) 

Ferritin 

(%TBI) 

Myoglobin and 

iron containing enzymes (%TBI) 
TBI content 

     

0  70 24 6 260 mg 

4 76 12 12 ~ 260mg 

6 76 12 12 420mg
1 

TBI: Total Body Iron 

1
by 12 months 

( Dewey & Chaparro, 2007)
 

 

Iron status in early infancy depends on its endowment at birth and rate of growth. Infants 

who gain weight rapidly have a higher risk for developing iron-deficiency anaemia             

(Dewey & Chaparro 2007). The iron content of breast milk is 0.4-0.8 mg/l in the colostrum 

(first milk) and 0.2.-0.4mg/l in mature milk. Due to the presence of homeostatic 

mechanisms of regulation in the mammalian gland (Butte et al. 2002), its iron content is 

not altered by maternal diet and iron status content (Krebs & Hambidge 2007). Breast-fed 

newborns receive iron in two forms: iron bound to lactoferrin and non-haem iron. Non-

haem iron is loosely bound to molecules such as citrate and xanthine oxidase whereas two 

atoms of ferric iron are bound to the iron binding protein lactoferrin. There is evidence to 

support lactoferrin’s role in the higher bioavailability of iron in breast milk than the iron 

from formula milk (Sarkar 2004). At six months of age it is estimated that 16-25% of iron 

in breast milk is incorporated into the infants’ erythrocytes. Using an average absorption 

rate of 20% and with milk iron content at 0.3mg/l an infant consuming 800ml/day of breast 

milk will absorb around 0.05mg of iron per day. This would not be sufficient to meet iron 

needs unless iron is utilised from the infants’ reserves (Scientific Advisory Committee on 

Nutrition 2010).  
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2.5.5 Iron in the second six months of life  

Due to the high rate of infant growth and development, iron requirements in the second 6 

months of life are increased and milk (either formula or breast milk) alone is not capable of 

meeting those requirements. Crucially, there is a need for dietary iron intake from 

complementary foods even if breastfeeding is still continuing (Grant et al. 2007). Indeed, 

iron has been identified as a “problem nutrient” during the complementary feeding period 

(Brown 2007), as there is a gap between the iron intake from weaning foods and iron 

requirements of infants in this age group. Therefore the dietary composition as well as the 

timing of introducing solids will affect iron status in infants. An investigation of iron 

intakes in infants from the ALSPAC study (n=918) showed that at 8 months, the main 

contributors of iron in breast-fed infants’ diet were commercial infant foods (consumed by 

90.7% of infants) and breakfast cereals (consumed by 79.6%) followed by meat/fish 

(64.6%) and vegetables (97.6%). Iron intakes in breast-fed infants who received less than 6 

breastfeeds per day were significantly higher than those infants who were breastfeeding 

more (≥ 6 feeds/day) (6.2 versus 5 mg/day, p=0.04) (Hopkins et al. 2007). However, in 

both, mean iron intakes were below the recommended nutrient intake for iron (7.8mg/day) 

as set by the Committee on Medical Aspects of Food and Nutrition Policy (COMA) 1991). 

There are very few studies that have investigated the associations between timing of solids 

introduction and iron status in exclusively breast-fed infants. In the Honduras, Dewey and 

Cohen performed a randomised controlled trial to determine the effects of solids 

introduction in infants exclusively breast-fed until 4 months compared with infants 

exclusively breast-fed until 6 months. The study showed that infants who were introduced 

to solids earlier had significantly better haematological indices (haemoglobin, ferritin and 

haematocrit) by 6 months than the 6 month exclusively breast-fed group. However, the 

difference was small (around 4%) and a considerable proportion of the early 

complementary feeding group (20-25%) also had low haemoglobin and haematocrit levels. 

The authors concluded that early introduction of iron containing complementary foods may 

not be sufficient to prevent iron deficiency anaemia and that other factors, such as birth 

weight and umbilical cord clamping, should be taken into consideration. They also stressed 

the need for further research in both developing and affluent countries (Dewey et al. 1998). 

Many of the complementary feeding guidelines stress the importance of including iron-rich 

foods in the complementary feeding diet. Krebs and Hambidge (Krebs & Hambidge 2007) 
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suggest that meat needs to be introduced immediately after 6 months of age in order to 

provide iron, zinc and Vitamin B12 to the infant diet. The Paediatric Group of the British 

Dietetic association also recommends that high iron-containing foods including meat, oily 

fish and pulses should be introduced at around six months (British Dietetic Association 

2013b). However, other sources of information (for example “Netmums” and the Start4life 

leaflet) and popular perception tend to suggest that meat should be introduced after the 

infant is well established on vegetables, which may delay the introduction of iron-rich 

foods in the diet, further compromising iron status.  

Exclusively breast-fed infants, who did not have a good iron endowment at birth, continue 

to breastfeed exclusively after 6 months or are not introduced to iron-rich complementary 

foods at 6 months, are at a particular risk of iron deficiency.  

 

2.5.6 Iron deficiency anaemia 

Iron deficiency anaemia is a public health problem affecting both developed and 

developing countries and is considered to be one of the most important causes contributing 

to the world health burden (World Health Organization 2002). The World Health 

Organisation’s report on the worldwide prevalence of anaemia between 1993-2005 (World 

Health Organization 2008) estimated that 8% (CI 5.9-10.8) of preschool children in the UK 

aged 1.5-4.6 years had haemoglobin levels below 110g/l, and characterised the prevalence 

as a mild public health problem. However, in the latest infant diet survey, 15% of infants 

aged over 12 months (n=325) had Hb levels below the reference cut-off of 110g/l, whereas 

2% were classed as having iron deficiency anaemia, namely haemoglobin levels below 

110g/l and ferritin levels below 12μg/l (Lennox et al. 2013).  Consequences of iron 

deficiency include fatigue and cognitive and psychomotor development impairment 

(Scientific Advisory Committee on Nutrition 2010). Therefore, infants who are lacking this 

essential nutrient are at increased risk of neurological, growth and developmental problems 

which can persist to childhood and beyond (Lozoff et al. 2006). The symptoms of iron 

deficiency are usually mild and mostly go unnoticed. The deficiency is usually picked up 

after a random blood test or when the symptoms of fatigue are more severe. As the 

deficiency is so often undiagnosed, the American Academy of Pediatrics (AAP) in a recent 

report recommended universal screening for anaemia in toddlers at around one year (Baker 

et al. 2010). Although Hb is not thought to be a sensitive marker of iron deficiency or 

indeed iron deficiency anaemia, it was suggested that in the presence of low Hb levels, 
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further testing of serum ferritin, transferrin, c-reactive protein and reticulocyte 

haemoglobin levels should be performed to confirm diagnosis (Baker et al. 2010). At the 

moment in the UK there is no universal screening for iron deficiency anaemia in place in 

primary care. Paediatricians are reluctant to perform extensive iron status testing in infants 

and young children due to the invasive nature of the venepuncture in order to obtain a 

blood sample. Taking blood samples from infants in the community to screen to iron 

deficiency anaemia would also present with several issues. For the health professional 

these include the cost, training and equipment required to obtain the blood samples in 

situations which may be difficult (such as home visits). For the infant (and the parent), the 

blood sampling process can be a painful and distressing experience and although it is 

classed as low-risk, there is the possibility of associated complications, such as infection 

and further blood loss from the wound.  

A non-invasive technique could be a useful instrument to monitor iron status indices more 

frequently and earlier than blood testing, therefore resulting in faster detection and 

prevention of iron deficiency anaemia (Bamberg 2008). Such devices offer a promising 

alternative to conventional invasive blood sampling techniques. They have been 

successfully used to measure haemoglobin levels in preterm and term neonates with high 

correlation coefficients between the standard blood sampling methods and the non-invasive 

measurements (Rabe et al. 2005; Rabe et al. 2010). However, a non-invasive method of 

haemoglobin measurement has not been validated in free-living older infants.  

 

2.6 Timing of solids introduction and eating behaviours 

2.6.1 Development of food preferences 

The complementary feeding period marks the beginning of a transition from a single food 

diet of milk (breast or formula) to a variety of semi-solids or solid foods of different 

textures and tastes.  The first year of life is a sensitive period in acquiring taste preferences 

(Mennella et al. 2011); even though taste development is a continuing process, food 

preferences are formed at this very young age and track into childhood and adulthood 

(Coulthard et al. 2010; Nicklaus 2009; Kelder et al. 1994). Unhealthy food habits can 

therefore have not only a short-term, but also a long-term effect on health. It is now 

recognised that taste acceptance is a strong predictor of food consumption in children. 

Readily accepting new tastes will also lead to a greater variety of foods consumed. Dietary 

variety is a major element of a high quality diet which corresponds to adequate intake of 
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essential nutrients, promoting good health and preventing non communicable chronic 

diseases (Ruel 2003). It is important therefore to understand the factors driving the 

acceptance of the very first foods, as these will form the basis of the child’s future food 

choices. Several factors are known to be involved in the development of food preferences 

and they can be broadly categorised as genetic and environmental factors (Blissett & Fogel 

2013).   

Taste buds develop very early during gestation, with nerve cells forming on the tongue as 

early as the 6
th

-7
th

  week of gestation  (Witt & Reutter 1996). Newborn infants respond to 

different taste stimuli, as shown by facial expressions to ingested solutions of different 

tastants (Ganchrow et al. 1983). Infants react positively to sweet tastes by sucking eagerly, 

licking the upper lip and smiling. Sweet solutions seem to also have a calming effect on the 

infants (Ganchrow et al. 1983). Sour tastes induce a negative reaction in newborn infants 

characterised by opening the mouth, lowering corners of the mouth and nose wrinkling 

(Steiner et al. 2001). The effect seems to be reversed later in life with infants accepting 

sour tastes at 15-20 months or being indifferent to them. Bitter tastes are negatively 

received by newborns by lowering mouth corners, eye blinking and moving the head 

(Ganchrow et al. 1983; Steiner et al. 2001), although in some studies newborns have been 

indifferent to low concentrations of bitter tastes. Newborn infants seem to be indifferent or 

reject salty tastes during the first weeks and months of life, however, preference for salted 

water in observed in 6-24 month olds denoting a shift in the infant’s response to salty 

tastes. It is worth noting that there are wide individual variations observed. In terms of 

umami taste, the limited research suggests that infants are indifferent to it from 3-12 

months (Schwartz et al. 2011).  

Everyone reacts differently to external sensory experiences depending on individual 

sensitivity to sensory stimuli. For example, children with hypersensitivities to other 

external stimuli such as sounds, smells and bright lights are also found to have sensory 

food aversions (Chatoor 2009) and therefore be more selective when it comes to trying 

new flavours, tastes and textures. Dunn proposed that there are certain neurological 

thresholds over which the nervous system reacts to external sensory stimuli (Dunn 1997). 

For example, a child with oral sensory sensitivity is more likely to show preferences for 

certain tastes or smells and avoid tastes that are a typical part of children’s diets, be picky 

with regards to textures and seek out certain smells/tastes (Dunn 1997).  Humans are also 

programmed to reject novel foods (neophobia). Unwillingness to try new foods peaks at 

the age of 18 months and lasts up to 7 years (Dovey et al. 2008). This ability has an 
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evolutionary benefit: It coincides with the infants increased independence from parental 

supervision and is a protective mechanism against ingesting unknown and potentially 

harmful new foods (Pliner & Salvy 2006). Although there is evidence that neophobia has a 

genetic element and is heritable, it can also be related to parental modelling. For example, 

if parents are neophobic they are more likely to offer a more limited variety of foods to 

their offspring (Blissett & Fogel 2013).  

Finally, infant temperament seems to be weakly but consistently related with neophobia; 

exposure to novel food could be construed like any other exposure to a new, unfamiliar 

experience and therefore is likely to incur similar reactions. Emotionality and shyness are 

related to higher incidence of food refusal and negative experiences during mealtimes 

(Pliner & Loewen 1997).  Although genetic predisposition can explain part of the 

differences in taste learning and acceptance, these factors interact and can be influenced by 

a number of environmental factors.  

The first exposure to outside flavours occurs in utero through the transfer of volatile 

compounds from the maternal diet to the foetus through the amniotic fluid. During the final 

months of gestation the foetus ingests large amounts of amniotic fluid, and with it, its 

components of nutrients and other compounds from the maternal diet. Indirect studies of 

foetal reactions to various tastants have shown that a sweet solution injected in the 

amniotic fluid resulted in increased foetal swallowing whereas a bitter solution resulted in 

the slowing of swallowing. This suggests that the infant responds differently to different 

taste exposures via the amniotic fluid in the later part of gestation (Ventura & Worobey 

2013). The exposure of the infant to flavours derived from the maternal diet continues soon 

after birth with breastfeeding creating a “flavour bridge” or a “chemical continuity” 

between life in utero and birth.  The flavour of breast milk is not inert but varies depending 

on the maternal diet. Breast-fed infants are more willing to try new foods especially those 

which are exposed to during breastfeeding (Forestell & Mennella 2007). This 

chemosensory learning is thought to help make a smoother transition to the next step of 

feeding, the introduction of solids. Breastfeeding therefore seems to facilitate later 

acceptance of the first complementary foods as they resemble tastes that they have already 

been exposed to (Cooke & Fildes 2011). However even in formula-fed infants there have 

been indications of learned food preferences. For example, infants who were exposed to a 

protein hydrolysate formula (which has a bitter taste) before 3.5 months were more likely 

to accept the same formula at 7.5 months compared to their counterparts who were 

exposed  to it after 3.5 months or exposed to a cow’s milk formula instead (Mennella et al. 
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2011), indicating a potential early critical period in flavour learning. Therefore exposure to 

different tastes during milk feeding could lead to increased later food acceptance but the 

biggest effect is observed in breast-fed rather than formula-fed infants as they are exposed 

to a greater variety of flavours through breast milk (Cooke & Fildes 2011).  

The next transition to the flavour learning process is the introduction of solids, where the 

infant is directly exposed to new flavours and textures through family foods. Most studies 

focus of the timing of cessation of breastfeeding rather than the timing of introduction of 

solids. Although the two are directly correlated, little is known as to whether the age of 

solids introduction independently affects flavour learning and subsequent food acceptance 

(Nicklaus 2011). Also, most studies focus on introduction of a variety of tastes but texture 

is also an important factor in later food acceptance. The following sections will assess the 

effect of age of solids introduction in both texture and taste acceptance and their 

consequences in feeding difficulties and dietary variety.  

 

2.6.2 Food sensory properties and feeding difficulties 

Learning to process different textures during the complementary feeding period is a 

challenging process, but a vital step in their acceptance. Some studies have hypothesised 

the existence of a sensitive period in the months following complementary feeding in 

which when new flavours and textures are introduced, they are more readily accepted 

(Harris 2008). Exposure of a variety of textures has been associated with higher food 

acceptance and less food refusals at 6 and 15 months (Northstone et al. 2001). Moreover, 

introducing foods with a lumpier texture at 10 months has been associated with higher 

rates of food refusal and a limited variety of fruit and vegetable consumption (Coulthard et 

al. 2009). In a study of 12 month old infants, acceptance of chopped carrots was associated 

with prior exposure and familiarity with a variety of textures in the months earlier 

(Blossfeld et al. 2007). Even though the majority of infants preferred the purred texture, 

those who were exposed to the chopped textures previously, were more likely to consume 

a greater variety of foods and be willing to eat more of both textures of carrots. Earlier 

introduction of solids was also a predictor of texture acceptance, however there was no 

information as to when the infants were introduced to puree or chopped textures. Another 

interesting finding with regards to acceptance of different food textures is the fact even 

though early consumption of raw and home cooked vegetables predicted their consumption 

at 7 years, the same was not observed for commercially prepared fruit and vegetables 
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(Coulthard et al. 2010).  This effect was also observed by Birch who suggested that the 

texture differences between the two types of foods may be responsible for this (Birch et al. 

1998).  

 

2.6.3 Food preferences and dietary variety  

Children’s food preferences play an important role in future food choices and are 

associated with consumption (Birch 1999). The WHO recommends a varied diet when 

complementary feeding begins (World Health Organisation 2002) and throughout infancy 

and childhood. Infants’ consumption of one food could enhance acceptance of similar 

foods (Birch et al. 1998) and therefore taste acceptance can influence dietary variety. Most 

studies looking at acceptance of foods during the complementary feeding period have 

focused on fruit and vegetables as they are of public health importance for long-term health 

and disease prevention, they are characterised by less desirable tastes (bitterness for a lot of 

vegetables and sourness for some fruits) and they are some of the first solids foods usually 

introduced to infants. Vegetables in particular are characterised by bitter tastes and are less 

easily accepted by infants compared to the sweet taste of fruits (Carruth et al. 2004).  

Exposure to a variety of these foods in early weaning seems to be an important factor in 

food acceptance.  A 12-day experiment by Gerrish and Mennella assessing the role of 

variety in acceptance of novel flavours involved 48 exclusively formula-fed infants. Mean 

age of first solids introduction (cereals) was 4±0.1 months which meant that at the start of 

the experiment infants had already been having cereal for 3.8±0.4 weeks. Half of the 

sample had also consumed fruit or fruit juices before the experiment either daily or 

occasionally.  The infants were separated in 3 groups; a group fed pureed carrot from 10 

days, a group fed pureed carrot on day 1 and mashed potato for 9 days and a group that 

was fed carrot on day 1 and a different pureed vegetable for 9 days. At day 11, all 3 groups 

were fed pureed carrot and at day 12 pureed chicken. Infants in the variety group accepted 

the novel taste of chicken easier and ingested more of it than the other two groups, 

indicating that a variety early in the weaning period enhances the acceptance of other novel 

tastes (Gerrish & Mennella 2001). A study of a similar design which included both breast-

fed and formula-fed infants showed that the combination of breastfeeding and food variety 

early in the weaning process combined produced a stronger effect of acceptance of a novel 

flavour (Maier et al. 2008). Although the above studies highlighted that variety early in the 

complementary process is beneficial for later novel food acceptance, they did not directly 
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assess the effect of different time points of solids introduction in the acceptance of novel 

flavours and therefore the consumption of a variety of foods.  

Howard and colleagues in Australia (Howard et al. 2012) looked at maternal and child 

predictors of vegetable, fruit and non-core foods (foods high in fat or sugar) preferences in 

245 2-year old infants. Maternal food preferences were significant predictors of fruit, 

vegetables and non-core (foods high in sugar, fat or salt) food liking; neophobia also 

significantly predicted liking of fruit and vegetables. However, age at which solids were 

introduced did not predict fruit and vegetable liking but it predicted non-core food liking, 

with infants introduced to solids earlier liking more non-core foods, after adjustment for 

maternal socioeconomic factors, child gender and birth weight. Recall bias could have 

been a potential factor in this study as mothers were asked about their infants age of solids 

(in weeks) when they were 13 months old. Also food neophobia which peaks at that age 

could have overpowered other predictors.  Early exposure seems to be the most effective 

method of flavour learning and food acceptance.  In a study with 12 breast-fed infants, 

salty cereals were more accepted between 16-17 weeks rather than 18-25 weeks, indicating 

an early window of acceptance of salty tastes (Harris et al. 1990). However, just like any 

other sensory learning there may be more than one window of plasticity in flavour learning 

(Mennella et al. 2011). Similarly, in a study of four European cohorts (ALSPAC in the 

UK, EDEN in France, Generation XXI  in Portugal and Euro-Prevall in Greece),  the age 

of introduction of fruit and vegetable intake was not associated with higher fruit and 

vegetable intake later in life in 3 out 4 cohorts. In ALSPAC, lower age of introduction of 

vegetables resulted in higher vegetable intake at 13 years of age, whereas lower age of fruit 

introduction resulted at higher intakes at 2 years of age, but not later (de Lauzon-Guillain 

et al. 2013). ALSPAC was the oldest of the 4 cohorts and therefore infant feeding 

recommendations for solids introduction were different than more recent studies; the 

largest proportion of infants were introduced to solids between 3-4 months in ALSPAC, 

compared to around 4-5 months in the Generation XXI study and around 5-6 months in the  

Euro-Prevall cohort. In EDEN, the distribution of age of solids introduction was fairly 

equal between 3-6 months. It could be therefore argued that very early age of solids 

introduction (less than 4 months) may be a significant factor in fruit and vegetable 

acceptance but later introduction of solids (after 4 months) may not be.  

Other studies have also shown that despite the initial advantage of breastfeeding, formula-

fed infants who are exposed to a wider variety of tastes during the period of 

complementary feeding are subsequently more accepting of novel foods compared to the 
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beginning of the complementary feeding period (Forestell & Mennella 2007; Gerrish & 

Mennella 2001). 

From these studies, it can be assumed that there are sensitive periods in taste acceptance 

during complementary feeding and that breastfeeding confers an advantage to accepting 

new favours compared to formula feeding. It is also evident that that parental experiences 

with food are also important in shaping infants’ preferences (Harris 2008). Most of the 

evidence however seems to be focusing on the consequences of breastfeeding cessation 

and there is inconsistency when it comes to the effect of timing of introduction of new 

foods during flavour learning. Early and repeated exposure has been shown to be effective 

in fruit and vegetables acceptance, however how is early defined? The evidence is clear 

about the detrimental effects of introduction of solids before 4 months but there is still 

confusion regarding the 4-6month window and the 6 month time point, currently set by the 

Department of Health in their infant feeding guidelines. Not many studies have compared 

the two cut-off points and yet we know from the latest infant feeding survey that more and 

more mothers, irrespective of breastfeeding exclusively, are waiting until 6 months to 

introduce solids (McAndrew et al. 2012b). As noted before, this would require a faster 

transition period through flavours and textures so how is this going to affect the acceptance 

of new foods?  

Although it is well established that the sensory properties of foods play an important role 

in acceptance, there is a lack of studies looking at foods other than fruit and vegetables 

such as meat, which is also an essential part of the infants’ early diet as it provides a source 

of bioavailable iron as discussed previously. Are infants who are introduced to these foods 

at 6 months less receptive to these flavours than those exposed to them before 6 months? 

Does that affect the acceptance of other foods and impact on dietary variety? These are 

questions that need to be addressed in order to provide parents useful advice during this 

challenging period of feeding transition (Nicklaus 2011).  

2.7 Chapter summary 

The review of the literature has shown contradicting results in studies looking at 

anthropometric, dietary, haematological and behavioural outcomes and age of solids 

introduction in infants. Very few studies have used 6 months as the cut-off point for early 

and late introduction of solids and no such studies have been conducted recently in the UK. 

The relatively new practice of baby-led weaning also warrants further investigation into its 

association with the outcomes mentioned above, in order to be able to establish its role in 
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complementary feeding practices of infants. Even though iron deficiency anaemia has been 

recognised as a public health issue, the invasive nature of testing for iron indices may delay 

the diagnosis and treatment of anaemia in infants and toddlers. These areas would therefore 

benefit from further investigation. 

In the Brighton’s Breast-fed Babies Study (Chapter 3),  growth, diet, iron status and eating 

behaviours will be explored in principally breast-fed infants stratified by age of solids 

introduction (before and after 6 months) and by mode of complementary feeding (baby-led 

weaning and spoon-feeding).  

Moreover, a non-invasive device in measuring iron status will be validated against a 

standard blood sampling technique in the Haemospect® Validation Study (Chapter 4). 

Finally, in the GO-CHILD Study (Chapter 5), food preferences dietary variety and other 

eating behaviours will be examined in mixed-fed infants stratified by age of solids 

introduction (before and after 6 months). Specific aims and objectives for each study will 

be described in each of the individual chapters. 
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3 The Brighton’s Breast-fed Babies Study 

3.1 Chapter overview 

This chapter will describe anthropometric, diet, haematological and behavioural aspects in 

in a group of infants from Brighton and Hove who followed closely the current infant 

feeding recommendations, by examining them in 2 different ways: by age at which they 

were introduced to solids (before and after 6 months) and by mode of complementary 

feeding (baby-led weaning and spoon-feeding). The results will then be discussed and 

placed within the context of current literature.  

 

Aims, Objectives and research hypotheses 

The Brighton’s Breast-fed Babies Study aimed to describe the growth, diet, iron status and 

feeding behaviours of principally breast-fed infants in Brighton and Hove at 8 and 18 

months. The infants were examined initially as a whole and then stratified in 2 different 

ways: by age at which they were introduced to solids as well as by mode of complementary 

feeding (baby-led weaning or spoon-feeding). 

 

Aim 1: To compare growth patterns, food and nutrient intakes, iron status and eating 

behaviours at 8 and 18 months between principally breast-fed infants from Brighton and 

Hove who were introduced to solids before and those introduced to solids after 6 months.  

 

Aim 2: To compare  growth patterns, food and nutrient intakes, iron status and eating 

behaviours at 8 and 18 months between principally breast-fed infants from Brighton and 

Hove who followed baby-led weaning and those who were spoon-fed. 

 

Objectives:  

 To compare growth patterns of principally breast-fed infants with the WHO growth 

standards across the whole sample and between groups 

 To assess nutritional adequacy of the weaning diet by comparison with the dietary 

reference values across the whole sample and between groups 

 To measure haemoglobin levels and compare them against current cut-off values 

for anaemia across the whole sample and between groups 

 To identify the presence of parent-reported feeding difficulties and other eating 

behaviours across the whole sample and compare differences between groups 
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Hypotheses to be tested 

 

There are no differences in growth patterns, food and nutrient intakes, iron status and 

eating behaviours at 8 and 18 months between principally breast-fed infants from Brighton 

and Hove who were introduced to solids before and those introduced to solids after 6 

months. 

 

There are no differences in growth patterns, food and nutrient intakes, iron status and 

eating behaviours at 8 and 18 months between principally breast-fed infants from Brighton 

and Hove who followed baby-led weaning and those who were spoon-fed. 

 

 

3.2 Methods 

3.2.1 Study Design 

The Brighton’s Breast-fed Babies study was an observational cohort study. It consisted of 

an initial telephone/email contact and three home visits, at 6, 8 and 18 months.   

 

3.2.2 Settings 

Mothers of breast-fed infants were recruited from October 2009 until April 2010. They 

were recruited in the Brighton and Hove area although two of the participants resided in 

neighbouring towns. Recruitment was conducted via posters in GP surgeries and 

pharmacies, local companies, advertisements in the ABC magazine (a free local parenting 

magazine) and through visits to breastfeeding support groups and baby clinics. 

Data collection was performed in the participants’ homes from November 2009 until May 

2011 (last food record collected in July 2011). Participants were followed up for 12 months 

in total.  

 

3.2.3 Participants 

The inclusion criteria for the selection of participants were full-term singleton infants (37-

42 weeks gestation), aged less than 6 months with mothers breastfeeding (exclusively or 
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partially) at 4-5 months and intended to continue until the baby was at least 6 months old. 

Only infants from singleton births were included, as twins and other multiples are likely to 

differ from singletons in terms of iron status at birth (Luke 2005). Preterm births were also 

excluded, as this was likely to affect both iron status and when the parents decided to 

introduce solids foods (Siddappa et al. 2007) (Rao & Georgieff 2007). A local address 

(recruitment within Brighton and Hove) and the ability of the mother to speak and read 

English were also required, as there were insufficient funds to supply translators and 

interpreters. 

During the recruitment stage and to avoid confusion to the participants with the term 

“partial breastfeeding” all mothers who were using any amount of breast milk were 

included. During the initial telephone/email contact, mothers were asked how many of 

their infant’s feeds were breast milk and how many were formula within one day. Mothers 

feeding their infants with at least four out of five feeds breast milk [80% breast milk, 

considered to be high breastfeeding intensity as defined by Labbok et al. (Labbok & 

Krasovec 1990) then continued to be part of the study]. 

Infants who did not fall into the above inclusion criteria, those with major congenital 

abnormalities, congenital anaemias, diagnosis of anaemia, prescribed iron 

supplementation, receiving sulphonamides (the use of sulphonamides may have harmful 

effects on red blood cell production and cause anaemia) or diagnosed with any chronic 

conditions likely to affect food intake or absorption were excluded from the study. 

The inclusion and exclusion criteria were operationalised by asking the mother about the 

baby at the initial telephone/email contact. The ability to speak and write in English was 

also assessed at this stage by the researcher.  

 

 

3.2.4 Data collection 

3.2.4.1 Data collection timeline 

When the child was around 4-5 months old, prospective participants who had initially 

expressed interest in the study were contacted by telephone or email. Participants were 

asked if they were still willing to take part in the study and planned to breastfeed their 

child (fully or partially) until he/she was at least 6 months old. If so, the researcher sent 

further information in the post and arranged to visit mothers in their home when their 

infants were aged around 6 months.  
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6 month visit 

At this visit the researcher discussed any queries about the informed consent for 

participation in the study and obtained it. Three separate consent forms were given: one for 

participation in the questionnaire and dietary data collection (just before the 6 month visit) 

and two for taking capillary blood samples from the infant (just before the 8 month and 18 

month visit respectively). It was made clear to the mothers that they were free to withdraw 

from the study or withdraw permission for blood taking at any point and without having to 

give a reason. At this stage the blood taking process was explained and a blood sampling 

consent form was provided. This was left with the mother to complete when the child was 

aged 8 months. A questionnaire collecting background information was also collected 

during this visit. For assessment of the weaning diet, a three day food record was provided 

along with detailed instructions on how to complete it. This was left with the mother to 

complete when the child was aged 8 months.  Finally, baseline measurements of weight 

and length were taken from the infants’ Red Book and a second visit at around 8-9 months 

of age was arranged. 

 

8 month visit 

At this visit, the researcher discussed any queries about the informed consent for blood 

sampling and obtained it. If the food record and accompanying questionnaire had been 

completed, they were discussed with the mother in order to make sure that there were no 

anomalies and that the information provided was clear and complete. If consent was 

granted, a capillary blood sample was collected from the infant for the haemoglobin 

measurement. The infant’s weight and length were also measured and recorded. Any recent 

weight and length measurements available in the infant's "Red Book" were also recorded. 

Finally, a blood sampling consent form as well as another three-day food record with an 

accompanying food questionnaire were provided, and mothers were advised to complete 

these when the child was 18 months old. 

 

18 month visit 

The 18month visit was similar to the 8 month visit; weight and length were measured and 

recorded and if consent was granted, a heel prick blood sample was obtained for 

haemoglobin measurement. Any recent weight and length measurements from the infants’ 
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Red Book were also recorded. The researcher went through the food record with the 

mothers and clarified any discrepancies or missing information.  

 

3.2.5 Variables 

3.2.5.1 Background questionnaire 

Parental characteristics in the background questionnaire included: maternal age (measured 

in years), ethnic group (dichotomised as “white” or “other”), maternal education 

(categorised as highest qualification: “postgraduate qualification”, “degree”,” A levels” or 

“no qualifications”), housing tenure (categorised as “owned/mortgaged”, “owned/no 

mortgage to pay” and “rented”), smoking (categorised as “current smoker”, “former 

smoker” or “never smoked”) and iron supplementation during pregnancy (“yes”, “no” and 

a further category “yes but did not take it”). Infant characteristics included birth weight and 

gender. A copy of this questionnaire can be found in Appendix 1.  

 

3.2.5.2 Growth measurements 

Weight measurements were taken at 8 and 18 months at the participants’ homes, using 

high specification portable calibrated infant scales Seca 384 (III) in accordance with 

Precision Class III of EC Directive 2009/23/EEC, approved for medical use. The scales 

were used exclusively for the purpose of the study. The research student was trained by 

research nurses from the Cambridge Baby Growth Study. Standardised procedures were 

followed for each measurement. The weighing scales were placed on a level, fixed surface. 

The scales were then zeroed and cleaned, using an infant wipe. A paper sheet was put on 

the surface. The parent placed the infant on the scales. Infants and toddlers were weighed 

naked, without a nappy. The infant stayed still for a few seconds until the measurement 

was taken and recorded. Toddlers who were unsettled or distracted were held by the parent 

and both weighed together. The parent’s weight was then taken separately and subtracted 

from the total weight.  Alternatively the parent sat on the scales, which were zeroed. The 

parent, while still on the scales, held the child and both were weighed together, so the 

scales showed the weight of the child only. Measurements were made to the nearest 0.1kg. 

The scales were then cleaned as per instruction manual. The measurements were 

transferred from the data collection sheet to a locked and password protected computer 

database for analysis.  
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Supine length was measured at 8 and 18 months using the Seca 210 infant/toddler 

measuring mat. Because the infants/toddlers were aged below 2 years for both visits, 

length was measured lying down. The measuring mat was foldable with a measuring range 

of 10-99cm.The length of the toddler was measured without any clothing, including the 

nappy, which can distort the hips and shorten the length measurement. The mat was wiped 

clean. A paper sheet was then placed on the surface. The parent placed the infant on the 

mat. Two people were needed to obtain an accurate length measurement. The toddler lay 

on his or her back with one person (the parent) holding the head against the headboard with 

both hands. The corner of the toddler’s eye was in a vertical line with the middle of the ear 

(known as the Frankfort Plane). The researcher gently flattened the knees, flexed the 

ankles of the toddler to 90 degrees and brought the footboard up to the flat soles of the 

flexed feet. Length measurement was taken to the nearest mm. The first length 

measurement was then repeated. If it was within 0.5cm of the first reading it was accepted, 

if not it was repeated again. The mat then cleaned as per instruction manual. The 

measurements were transferred from the data collection sheet to a locked and password 

protected computer database for analysis. 

 

3.2.5.3 Dietary assessment 

A detailed account of dietary assessment methods is beyond the scope of this thesis and 

has been extensively reviewed elsewhere (Thompson & Byers 1994). Although the golden 

standard of dietary assessment is the 7 day weighed food diary (Bingham et al. 1994), 

when assessing dietary intakes in young infants and toddlers fewer days are required as 

there is less variability in their diet (Lanigan et al. 2004). Diet diaries compare well with 7 

day records, are more detailed than food frequency questionnaires, are less prone to recall 

bias and have a satisfactory test retest reliability (Eck et al. 1996). They have also been 

used successfully in assessing diets of infants and toddlers in the ALSPAC study (Emmett 

2009). Therefore they were thought to be an appropriate method of dietary assessment in 

this study to balance providing sufficient detail of intakes whilst minimising participant 

burden and to ensure comparability with ALSPAC as the same time points are used in 

dietary assessment in both.  Diet was assessed by 3 day un-weighed food diary, comprising 

of 2 weekdays and one weekend day at 8 and 18 months. At the 6 month home visit, the 8 

month food diaries were given to the participants along with instructions, a portion size 

guide and a crib sheet with examples of how to complete it. The researcher went through 

the diary and explained how to fill in each section.  Mothers were encouraged to contact 



 
44 

 

the researcher if they had any queries. The 18 month food diary was posted 2 weeks before 

the 18 month visit along with the same portion size guide as in 8 months and an updated 

crib sheet with age appropriate examples of description of foods.  

Parents were asked to record all foods and drinks that the infant had consumed for 3 days 

both at home and outside, using household measures and providing as much information as 

possible. Food intake assessment included time and place the food was consumed, a full 

description of the food item (to include cooking methods, portion size, brand, any other 

additions such as butter) whereas drink intake assessment included type of drink, dilution 

ratio (if applicable), amount consumed and any other additions (such as sugar). Separate 

sections were given in the diary to record foods, milk feeds and other drinks.  They were 

also asked to record any vitamin supplements or medicines that their infant received during 

the recording day. A comments section was also available for the parent to describe any 

other relevant information. The crib sheet provided at each visit gave examples of portion 

sizes using household measures and how to extract information from packaging. An 

additional questionnaire was used to record recurrent foods or usual types of staple foods 

(such as type of butter, bread or milk usually used) in order to avoid repetition of details in 

the diaries and thus reduce the burden on the participants. This information was used to 

provide more details when coding. A copy of the short questionnaire used is given in 

Appendix 1. Participants were asked to record the amount of food consumed rather than 

what was initially offered. They were asked to record brand names where possible and 

keep food labels of unusual foods. For homemade dishes, parents were asked to record the 

recipe (ingredients, cooking methods) for the whole dish and the proportion of the finished 

dish that the infant consumed. 

For each day they were asked if it was a typical day for the infants, if they have been 

unwell, if anyone else had looked after the child during mealtimes and if they had offered 

them any food or drink during that time.  The main diary was divided into mealtime 

sections (before breakfast, breakfast, mid-morning, lunch, tea, evening meal, late evening 

and through the night). At the end of the diary there was a separate section for recording 

drinks but participants were also given the option to record drinks in the main section of 

the diary if they found it easier.  

The diaries were intended to be checked during each home visit; however that was not 

always possible due to distraction from the infant. In some cases mothers had not had the 

chance to complete the food diary prior to the home visits and therefore the diaries were 
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returned by post at a later stage. If there were any queries, the mother was then contacted 

by phone or email to provide clarifications.  

The completed diaries were checked by the researcher and data was coded at the Human 

Nutrition Research (HNR) Unit in Cambridge using their in-house dietary coding system 

DINO (Diet In Nutrients Out). DINO is a Microsoft access database which incorporates 

dietary coding and nutrition analysis using the MacCance and Widdowson’s food 

composition tables and its supplements. The database is updated constantly with new food 

items that become commercially available.   

Each food item from the diaries was matched as closely as possible to a food code from 

DINO. When there was not sufficient information for a specific food, an alternative food 

was used instead and the decision was recorded to ensure consistency with future entries. 

DINO has an in built portion size descriptor based on household measures corresponding 

to weights, which is adapted from Food Standards Agency Food Portion Sizes (Food 

Standards Agency 2005) and manufacturers’ information. When a portion size was 

missing, if the food had been consumed before (either on the same day or the other 2 days) 

that portion was used; if there was no other mention of the same food in any of the diaries, 

an average portion for the age group was used instead from the Food Portion Sizes book 

(Food Standards Agency 2005). For commercial foods and drinks not included in DINO, 

information on ingredients was collected via the food label if it was included in the food 

diary or the manufacturer’s website. Each ingredient and its proportion were entered 

manually in DINO as individual food items. These items were then grouped in a recipe 

food group to account for the fact that they were consumed as a single food item. 

Uncooked foods such as salads and sandwiches were coded as separate food items and 

were not grouped together as a recipe.  

For homemade dishes where a recipe had been recorded in the food diary, the ingredients 

were entered individually using the appropriate cooked food codes, and all the codes for 

the dish were allocated to a recipe food  group according to the type of dish. DINO 

automatically calculated the weight of each ingredient by using the raw ingredient weights 

(from the recipe in the food diary), a weight loss or weight gain factor for the whole dish 

(from a comparable recipe in McCance and Widdowson’s The Composition of Foods 

series) and the weight of the portion consumed.  When a recipe was not included in the 

food diary, a standard homemade recipe food code was used.  
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Breast milk intake was assessed by volume of milk per minute of feed. This was based on 

data from a study by Paul and colleagues (Paul et al. 1988) who calculated breast milk 

intakes in infants aged 2-10 months. At both 8 and 18 months of age breast milk intakes 

were estimated as 10g/minute up to a maximum of 100g per feed, to account for comfort 

feeding.  

 

3.2.5.3.1 Food Groups  

Each food code from the food diaries was automatically allocated to subsidiary food 

groups in DINO (2 levels) which corresponded to 30 food groups. The food groups were 

then aggregated to 18 main food types. Some food types did not have any consumers 

(supplements, nutrition powder and drinks) and therefore were not included below. The 

food types were: 

 Cereals and cereal products 

 Milk and dairy products (excluding breast milk) 

 Meat and meat products 

 Fish and fish dishes 

 Eggs and egg dishes 

 Vegetables and potatoes 

 Lentils and pulses 

 Fruit  

 Nuts 

 Savoury snacks 

 Infant Formula 

 Breast milk 

 Commercial baby foods 
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3.2.5.3.2 Nutrient analysis 

DINO’s nutrient databank was used to calculate nutrient intakes for each food item entered 

in the database. It is based on McCance and Widdowson’s Composition of Foods series 

and manufacturers’ data. All nutrients were found to be significantly correlated to total 

energy intakes, meaning that infants who consume more energy would also consume on 

average more of each individual nutrient. It was therefore essential to control each nutrient 

for the effect of total energy intake. To achieve this, the nutrient residual (energy adjusted) 

model was used as described by Willett and colleagues (Willett et al. 1997). Each nutrient 

(dependent variable) was regressed against total energy intake (independent variable) in a 

simple linear regression, producing unstandardized residuals. The residuals have a mean 

value of zero (because they include negative values) and cannot be interpreted on 

nutritional terms. Therefore a constant was added to each residual in order to resemble an 

actual nutrient intake. The constant used was the expected mean nutrient intake which also 

derived from the regression model.   

 

3.2.5.4 Blood sampling 

Haemoglobin was measured in heel-prick blood samples collected at 8 and 18 months 

using HemoCue® Hb 201+ (Ängelholm, Sweden) at the participants’ homes. The lancing 

device used was Tenderfoot newborn (1mmx 2.5mm) blue/pink. The measurement was 

taken in a warm room and the infant wore socks to keep the heel warm prior to the 

procedure. The infant was placed in a secure position, cuddled by the parent. The parent 

was asked to remove the socks and using gloves the researcher cleaned the area with an 

antiseptic swab and waited until it dried.  
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Figure 3-1 Appropriate puncture sites on the infant’s heel for the heel prick measurement 

of haemoglobin levels 

 

 

The device was removed from its packaging and the safety clip was removed. A safe 

incision site was selected.  The site was marked either by an imaginary line extending 

posteriorly from a point between the 4th and 5th toes and running parallel to the lateral 

aspect of the heel, or by a line extending posteriorly from the middle of the great toe 

running parallel to the medial aspect of the heel. The heel prick was performed on the 

planter surface of the heel beyond the lateral and medial limits of the calcaneus (Figure 3-

1). 

Before the device was activated it was placed firmly against the skin. The centre point of 

the device was vertically aligned with the incision site and both ends of it made light 

contact with the skin. The trigger was then pressed and the device removed. A micro-

cuvette captured a single drop of blood from the incision point and after being wiped of 

any excess blood, it was inserted in the HemoCue® device. The measurement was then 

recorded after 60 seconds as per the device manual.  

 

3.2.5.5 Eating behaviours questionnaire 

Mothers were asked to fill in a supplementary questionnaire at 8 and 18 months along with 

the 3 day un-weighed food record. This questionnaire, based on those used at similar ages 

in ALSPAC,  included questions about the types of foods they usually offer to their infant, 

feeding practices, preferences and feeding difficulties. More specifically mothers were 

asked to report: 
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 Timing of stopping breastfeeding  

 Timing of introduction of foods with a lumpy texture and finger foods 

 Perceived fussy eating  

 Difficulties in feeding solids 

 Parental perception of the infant’s feeding difficulties - under/over eating, food 

refusal, pickiness, problems with establishing an eating routine. 

 Food avoidance- poultry ,fish, beef, other red meat, eggs, cheese, milk, butter, nuts, 

wheat/gluten, sugar 

 Whether the infant ate differently than their peers 

 Whether the infant was on a special diet 

 

3.2.6 Data handling 

All questionnaires, dietary records and blood samples collected were labelled with an 

identifier number and not the mother's or infant's name. The mother was informed of the 

probability of breach of confidentiality if there were indications of possible harm to her 

(including self-harm or threat by another member of the family) or others. As a token of 

thanks for their time in the study, mothers and infants received a children’s book at the last 

home visit. All relevant documentation for the Brighton’s Breast-fed Babies Study can be 

found in Appendix 1.  

 

3.2.7 Bias 

As the study required participants with breastfeeding intensity of over 80%, it was 

accepted that there was a strong likelihood of selection bias in the study population. In 

order to minimise that, every effort was made to promote the study in all parts of the city 

and especially in the most deprived areas. Moreover, the scope of the study was to examine 

the characteristics of breast-fed infants and therefore the selected sample was not meant to 

be representative of the whole population. Finally due to the study design there was no 

information available from people who decided against taking part in the study (as they did 

not have to make contact with the researcher) and therefore it was not possible to assess 

their characteristics and reasons for no participation (non-response bias).  
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3.2.8 Study size 

Initial power calculations for the study were based on being able to detect a difference in 

iron status and nutrient intakes between children introduced to solids before and after 6 

months. 

 

3.2.8.1 Power calculation to detect a difference in iron status 

The primary analysis initially involved testing for a difference between the two groups 

(introduced to solids before 6 months and after 6 months) in ferritin levels. In Emond and 

colleagues (Emond et al. 1996), ferritin was found to be log normally distributed and 

therefore the log transformed values were used in an independent sample t-test. The 

standard deviation of log ferritin for 8 month old infants was found to be 0.231. In a study 

investigating the effect of age of complementary feeding and iron status in breast-fed 

infants in the Honduras, Dewey and colleagues (Dewey et al. 1998) found a proportional 

difference of 1.42:1 in mean ferritin values between the two groups (67.1μg/l in the solids 

and breastfeeding versus 47.1μg/l in the exclusively breastfeeding group). Using these 

values and a 0.05 2-sided significance level to test the difference between the two groups, a 

sample size of 39 in each group would give 80% power to detect a difference of 0.15 on 

the log scale which would correspond to the geometric means being in the proportion 

1.42:1. 

 

3.2.8.2 Power calculation to detect a difference in nutrient intakes 

Using vitamin C as one of the dietary outcome measures; at 18 months in the ALSPAC 

data in girls mean vitamin C was 48mg (Cowin et al 2000) and the standard deviation was 

43mg. In order to detect a difference of 20mg in Vitamin C intake (with 80% power and 

alpha value of 0.05) 74 participants would be needed in each group. 

 

A sample size of 150 would be sufficient to measure the dietary outcomes; additionally 

even with quite a high refusal rate for blood samples, there would be enough data to detect 

a difference in ferritin levels.  

The aim was to recruit 180 participants, ideally 90 infants introduced to solids before 6 

months, and 90 infants introduced to solids at or after 6 months. Allowing for dropout this 

would leave 75 infants in each group by the end of the study.  
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3.2.9 Statistical methods 

The statistical software used for all analysis was PASW Statistics 21. All variables were 

explored for normality (using the Shapiro-Wilk normality test as the sample size was 

below 50). Results were presented either as frequencies (if the variables were categorical), 

means and standard deviations (SD) (if the variables were continuous and normally 

distributed) or medians and interquartile range (IQR: 25
th

, 75
th

 centile) (if the variables 

were continuous and not normally distributed) across the whole sample and stratified by 

timing of solids introduction (before and at/after 6 months) and mode of complementary 

feeding (BLW and spoon-fed).  

Because the age of solids introduction was not normally distributed, associations between 

age of solids introduction and anthropometric measurements at 8 and 18 months were 

investigated using Spearman’s correlation. In order to be able to make comparisons with 

the WHO growth standards, all anthropometric measurements were entered into the WHO 

Anthro software (World Health Organisation, 2005) which compares growth data to the 

WHO Child Growth Standards by calculating z-scores. Weight-for-age z-scores were 

calculated for birth, 6, 8 and 18 months. For the 8 and 18 month time points, weight-for-

length, length-for-age and BMI-for-age were also calculated. Independent sample t-tests 

(for parametric variables) or Mann-Whitney test (for non-parametric variables) were used 

to explore differences between growth (z-scores used as continuous variables) and age of 

solids introduction (coded as a binary variable: introduction of solids before versus at/after 

6 months) and between growth and mode of complementary feeding (also coded as a 

binary variable: BLW versus spoon-fed).   

Habitual intake of food types in grams (g) among consumers and energy and nutrient 

intakes were presented as means, standard deviations and selected points in the cumulative 

distribution, namely  the 25
th

 , 50
th

 (median) and  75
th

 percentiles. Unusual values for each 

nutrient were assessed on an individual basis. Wherever the nutrient intake was an unusual 

but plausible value, it was retained. For example there was an entry for mycoprotein which 

had unusually large content of certain micronutrients compared to other food items. Once 

the portion size was checked to be appropriate for the age group, the food item was 

included in the nutrient analysis. The same was true for nutrients whose value was 

extremely below recommended intakes, such as vitamin D. The majority of infants had 

very low Vitamin D intakes, therefore infants with Vitamin D intakes within the 

recommended range appeared as unusually high values when in fact they weren’t, and thus 

were also retained in the analyses.  If there was an implausible value, the data was re-
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examined for errors in data entry or nutrient analysis calculations. On 2 occasions the 

DINO programme had incorrectly reported values of micronutrients that were inconsistent 

with realistic intakes. The errors were traced back to the individual food item (infant 

formula in both cases) and for each entry of this item, the error was manually corrected 

using the manufacturer’s nutrition information. Nutrient intakes were then recalculated.  

For any age group, it is expected that around 50% will have requirements above the EAR 

and 50% will have requirements below the EAR, according to gender and age. At 8 

months, individual EARs for energy for each infant were calculated according to gender 

and weight, using the revised energy reference values for mixed-fed infants. At 18 months, 

fixed EARs are set according to gender (Scientific Advisory Committee on Nutrition 

2011a). For each infant, energy intakes were expressed as %EAR and mean protein, 

vitamin and mineral intakes as a proportion of the RNI. Nutrient adequacy was assessed by 

comparing the mean absolute (not energy-adjusted) intakes with the Dietary Reference 

Values (DRVs). For protein, vitamins and minerals, the proportion of infants with intakes 

below the Reference (RNI) and Lower Reference Nutrient Intake (LRNI) were calculated, 

where available. Differences in intakes between the complementary feeding groups and the 

baby-led weaning groups were assessed using independent samples t-test or Mann Whitney 

tests as appropriate. The differences in proportions of infants with nutrient intakes below 

the RNI and LRNI cut-offs between groups were assessed using Fisher’s exact test.  

Haemoglobin levels at 8 and 18 months were normally distributed. They were presented as 

means and medians with standard deviations and 95% confidence intervals, across the 

whole sample and stratified by age of solids introduction and mode of complementary 

feeding. Mean total Hb levels were compared in infants introduced to solids before and 

after six months and those who followed baby-led weaning or were spoon-fed using 

independent samples t-tests. Proportions of infants with haemoglobin levels below the 

WHO, ALSPAC and SACN cut-off points for anaemia were also calculated across groups, 

and compared using Fisher’s exact tests.  The association between the age of solids 

introduction (as a continuous variable) and haemoglobin levels at 8 and 18 months were 

assessed using Spearman rank correlation tests.  

Energy adjusted total and non-haem iron intakes were compared between groups using t-

tests and haem iron intakes were compared between groups using the Mann Whitney test. 

Absolute (i.e. not energy adjusted) mean values of total iron intakes were compared using 

the RNI, EAR and LRNI cut-offs. Differences in the proportion of infants below those cut-
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offs between groups were compared using Fisher’s exact tests. The contribution of selected 

food groups to total, haem and non-haem iron intakes was calculated. At 8 months, the 

contribution to iron from formula milk, breast milk and all other sources was graphically 

represented. Associations between haemoglobin and the absolute and energy adjusted 

intakes of selected inhibitors and enhancers of iron absorption (total iron, haem iron, 

calcium, non-starch polysaccharides and vitamin C) were assessed using Pearson’s 

correlation. Intakes of vitamin C and haem iron were transformed to the natural logarithm 

in order to normalize their distributions. Adjustment for gender was not necessary as 

haemoglobin did not differ significantly between boys and girls at either time point 

(p=0.536 and p=0.251 respectively).  

Differences between various eating behaviours by the age of solids introduction and by 

mode of complementary feeding were established using Fisher’s exact test because due to 

the small sample size, chi square assumptions on expected cell count were violated. 

Continuous variables such as age of introduction of purees, lumpy solids and finger foods 

were compared using Mann Whitney tests as they were not found to be normally 

distributed.  

The level of significance was set at p<0.05. 

 

3.2.10 Ethical Considerations 

As with all research studies involving humans and especially due to the involvement of a 

vulnerable group such as infants in this particular project, there were a number of ethical 

considerations which were examined in order to obtain a favourable opinion from the local 

Research Ethics Committee.  

The main ethical issue was the possible distress caused to the infant by taking a blood 

sample. However, it was argued that heel prick capillary blood samples are routinely taken 

from much younger infants without the use of anaesthetic and with no apparent prolonged 

adverse effects.  

Possible distress could be caused to mothers if they were present when the blood was being 

taken, but it would be minimal as mothers are usually present when the infant has 

immunizations and are therefore familiar with such minor clinical procedures. 

Distress could be caused to the mothers at the initial telephone contact if the infant had 

fallen ill, had passed away or if, for some reason, the mother had stopped breastfeeding. A 

self-addressed freepost envelope with a letter stating that they wish to withdraw from the 
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study (without having to give a reason) was sent to the mothers as soon as they expressed 

interest during the recruitment period. They were advised to send it at any time point they 

felt they did not wish to continue with the study. It was made clear that they were not being 

judged for their decisions and that participation was entirely voluntary. As an additional 

measure to minimise possible distress, the health visitors’ base was contacted to ask 

whether they knew of any deaths or serious illness in the families of the infants involved 

with the study.   

If there was evidence from the results of the haemoglobin analysis that an infant was 

anaemic, it was agreed that the researcher would write to the mother, enclosing a letter for 

them to take to their general practitioner (GP). 

Mothers might have felt pressurised by filling in the dietary records, or felt judged on the 

type of diets they feed to their infants. This was minimised by emphasizing that they were 

not being judged on this and that there were no "right or wrong" answers. 

Some participants might not want to answer some of the questions on the demographic 

questionnaire. It was emphasized that questions may be omitted if they wished to do so. 

Parents might be found to be feeding their children inappropriately. However a 3 day food 

record would not be sufficiently long in order to judge if a child was being fed 

appropriately (as the diet records might reflect atypical days), so no action could have been 

taken on the basis of this. 

The growth measurements might have raised concern that the child was over- or 

underweight. However, it was considered that a one-off measurement of weight would not 

be sufficient to make judgements about growth. However if participants were worried 

about their babies' feeding or weight they were encouraged to see their GP or health 

visitor. 

In the event of concerns for the welfare of the infant or others during home visits, the 

researcher would follow procedures in place applicable for members of public with regards 

to reporting these concerns. If there were concerns about the infant’s health the mother 

would be encouraged to contact her GP or health visitor. If issues of abuse or neglect were 

suspected, the local Children’s social care or the NSPCC would be contacted after 

consulting with the supervisory team or the police (if there was an immediate danger for 

harm). Participants were also given a reference to the Sussex child protection and 

safeguarding procedures document.  

A possible risk for the researcher was visiting the participants in their homes. To minimise 

this risk, the researcher carried a mobile phone and always informed colleagues at the 
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University of Brighton where she was going and the anticipated return time. A second risk 

to the researcher was the possibility of contracting a blood transmitted infection. As the 

method of blood sampling was a heel prick the risk was minimal. However phlebotomy 

training ensured that all precautions were taken including good clinical practice 

procedures. 

The study was approved by Kent Research Ethics Committee and Sussex NHS Research 

Consortium. The relevant documentation is included in Appendix 1. 

 

3.3 Results 

3.3.1 Participants   

Twenty one participants were recruited of which one had to withdraw as her milk flow 

reduced substantially due to illness and was therefore no longer eligible to take part. All of 

the remaining participants (n=20) completed the first visit and second visit. Nineteen 

participants (95% retention rate) completed the 18 month visit (one participant withdrew 

due to lack of time). The very low number of participants recruited, the implications on the 

study results and their interpretation will be discussed in detail in the discussion section of 

this chapter as well as in Chapter 6.  

 

3.3.2 Descriptive data 

The demographic characteristics of the study group and the stratified groups are shown in 

Table 3-1. The average maternal age was 34.6 (SD: 4.2) years and 80% of mothers 

possessed a higher education qualification (degree or postgraduate qualification). Three 

quarters of them lived in owned or mortgaged properties and all lived with their partners. 

All infants were born to term and only 3 (15%) had birth weight below 3000g. However, 

all infants’ birth weight was above 2500g (the cut-off point for low birth weight). There 

were no statistically significant differences in the socio-demographic characteristics 

between infants introduced to solids before or after 6 months and between infants 

following baby-led weaning or those being spoon-fed.   
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Table 3-1 Characteristics of the study group and stratified by age of solids introduction and by mode of complementary feeding 

   Age of Solids Introduction  Mode of Complementary Feeding 

Variables  All (n=20)  <6 months (n=7) ≥6 months (n=13) P  BLW (n=7) Spoon-fed (n=13) P 

          

Infant characteristics     
 

   
 

Infant birth weight (g)
 
 3501.5 (517.7)  3507.9 (240.5) 3498.1 (471) 0.969  3532.1 (574.8) 3485 (508.3) 0.852 

Infant gender          

Male 11 (55)
 

 4 (57.1) 7 (53.8)   4 (57.1) 7 (53.8)  

Female 9   (45)
 

 3 (42.9) 6 (46.2)
 

1  3 (42.9) 6 (46.2) 1 

          

Maternal characteristics 
 

        

Maternal age (y)
 
 34.6 (4.2)  32.9 (2.8) 35.5 (4.5) 0.190  34.7 (3.5) 34.5 (4.6) 0.901 

Maternal ethnic group          

White 19 (95)  6 (85.7) 13 (100)   7 (100) 12 (92.3)  

Other 1 (5)  1 (14.3) 0 0.350  0 1 (7.7) 1 

Maternal education           

Postgraduate qualification 11 (55)
 

 4 (57.1) 7 (53.8) 1  4 (57.1) 7 (53.8) 1 

Degree 5 (25)  2 (28.6) 3 (23.1) 1  2 (28.6) 3 (23.1) 1 

A levels 2 (10)  0 2 (15.4) 0.521  0 2 (15.4) 0.521 

No qualifications 2 (10)  0 2 (15.4) 0.521  0 2 (15.4) 0.521 

Housing tenure           

Being bought/mortgaged 13 (65)  6 (85.7) 7 (53.8)   3 (42.9) 10 (76.9)  

Owned- no mortgage to pay 2 (10)  0 2 (15.4)   1 (14.3) 1 (7.7)  
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   Age of Solids Introduction  Mode of Complementary Feeding 

Variables  All (n=20)  <6 months (n=7) ≥6 months (n=13) P  BLW (n=7) Spoon-fed (n=13) P 

Rented  5 (25)  1 (14.3) 4 (30.8) 0.483  3 (42.9) 2 (15.4) 0.181 

Maternal Smoking          

Current Smoker 1 (5)  1 (14.3) 0   0 1 (7.7)  

Former smoker 7 (35)  1 (14.3) 6 (46.2)   3 (42.9) 4 (30.8)  

Never smoked 12 (60)  5 (71.4) 7 (53.8) 0.146  4 (57.1) 8 (61.5) 1 

Iron supplementation  

in pregnancy 

    
 

    

Yes 3 (15)  2 (28.6) 1 (7.7)   1 (14.3) 2 (15.4)  

No 16 (80)  5 (71.4) 11 (84.6)   6 (85.7) 10 (76.9)  

Yes, but didn’t take it 1 (5)  0 1 (7.7) 0.690  0 1 (7.7) 1 

Infant weight and maternal age: mean (SD); All other variables: n (%) 

Maternal education: highest qualification 
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At 8 months all mothers (n=20) were still breastfeeding. The age of first solids introduction 

was not normally distributed.  The age distribution by months is shown in Figure 3-2. The 

median age of solids introduction was 6 months (range 4-7 months, IQR: 5.5, 6). Four 

infants (20%) were introduced to solids before 5.5 months whereas one (5%) was 

introduced to solids at 7 months. Median age of solids introduction in infants following 

baby-led weaning was 6 months (IQR: 6, 6), whereas in the spoon-fed group the median 

age of solids introduction was 5.5 months (IQR: 5, 6). The age of solids introduction was 

significantly different between the two groups (p=0.030). There were also statistically 

significant differences between infants who were introduced to solids before six months 

(median: 5 months, IQR: 4.5, 5.5) and those introduced to solids after 6 months (median: 6 

months, IQR: 6, 6) 

 

Figure 3-2 Age of first solids introduction distribution of the study sample (n=20) 

 

 

3.3.3 Growth  

 

3.3.3.1 Growth patterns at birth and at 6 months   

Weight and weight-for-age z-score at birth and at 6 months were normally distributed. 

Mean (SD) birth weight was 3.5kg (SD: 0.5) and the average weight-for-age z-score 

(WAZ) at birth was 0.39 (SD: 0.99). Mean weight at 6 months (mean age of measurement 
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6.15 months) was 7.68kg (SD: 1.07) and the average weight-for-age z-score was -0.08 

(SD: 1.03). Table 3-2 provides a summary of the sample growth characteristics at birth and 

6 months (weight for these two time points are recorded from the infants’ Red Book, 

length was not available). There were no statistically significant differences in weight or 

weight-for-age z-score at birth or at six months of age between infants who were 

introduced to solids before or at/after 6 months and between those following baby-led 

weaning or those who were spoon-fed.   
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Table 3-2 Growth measurements at birth and at 6 months, across the whole sample and stratified by age of solids introduction and mode of complementary 

feeding 

   Age of Solids Introduction  Mode of Complementary Feeding 

Growth Variables All (n=20)  <6 months (n=7) ≥6 months (n=13) P  BLW (n=7) Spoon-fed (n=13) P 

          

Birth Weight (kg)  3.50 (0.5)  3.51 (0.64) 3.50 (0.47) 0.970  3.53 (0.57) 3.49 (0.51) 0.853 

WAZ at birth  0.39 (0.99)  0.37 (1.15) 0.40 (0.94) 0.939  0.43 (1.14) 0.37 (0.94) 0.901 

Weight at 6 months 7.68 (1.07)  7.47 (1.10) 7.80 (1.10) 0.519  7.99 (0.87) 7.52 (1.16) 0.353 

WAZ at 6 months -0.08 (1.03)  -0.30 (1.14) 0.05 (0.99) 0.490  0.28 (0.90) -0.26 (1.10) 0.279 

Abbreviations: WAZ: weight-for-age z-score  

All variables: mean (SD) 
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3.3.3.2 Growth patterns at 8 months  

 

The age of solids introduction (as a continuous variable) was positively correlated with 

weight-for-length z-score (Spearman’s rho coefficient: 0.571, p=0.011) and BMI-for-age z-

score (Spearman’s rho coefficient: 0.611, p=0.05) at 8 months. 

Growth patterns of infants at 8 months (mean age of measurement 8.17 months) are shown 

on Table 3-3. Mean weight was 8.49kg (SD: 1.09) and the average weight-for-age z-score 

was 0.08 (SD: 0.97). Mean length was 70.32cm (SD: 3.15) and average length-for-age z-

score was 0.12 (SD: 1.22). All the variables above were normally distributed. In contrast, 

weight-for-length and BMI-for-age z-scores were not normally distributed. The median 

weight-for-length z-score was -0.26 (IQR: -0.99,-1.08) and the median BMI-for-age z-

score was -0.26 (IQR: -0.96, 0.90). Infants who were introduced to solids before 6 months 

were lighter but on average almost 1cm longer than infants introduced to solids after 6 

months, however there were no statistically significant differences observed in weight, 

weight-for-age z-score, length, length-for-age z-score or weight-for-length z-score between 

the two groups. However, infants in the early complementary feeding group had a 

statistically significant lower BMI-for-age z-score compared to infants in the later 

complementary feeding group (p=0.045). There were no statistically significant differences 

observed in weight, length, weight-for-age and length-for-age z-scores between infants 

who followed baby-led weaning and those who were spoon-fed. However, infants in the 

BLW group had a significantly higher weight-for-length z-score (p=0.028) and BMI-for-

age z-score (p=0.022) than infants in the spoon-fed group.  
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Table 3-3 Growth measurements at 8 months, across the whole sample and stratified by age of solids introduction and mode of complementary feeding 

   Age of Solids Introduction  Mode of Complementary Feeding 

Growth Variables  All (n=20)  <6 months (n=7) ≥6 months (n=13) P  BLW (n=7) Spoon-fed (n=13) P 

          

Weight (kg)  8.49 (1.09)  8.18 (2.15) 8.65 (1.07) 0.373  8.97 (0.85) 8.23 (1.15) 0.158 

Length (cm)  70.32 (3.15)  70.86 (3.61) 70 (2.98) 0.583  69.64 (2.72) 70.71 (3.43) 0.493 

WAZ  0.08 (0.97)  -0.16 (1.08) 0.22 (0.92) 0.419  0.51 (0.78) -0.14 (1) 0.156 

LAZ  0.12 (1.22)  0.56 (1.37) -0.13 (1.12) 0.251  -0.27 (1.09) 0.36 (0.37) 0.298 

WLZ  -0.26 (-0.99, -1.08)  -0.61 (-0.94,-0.38) 0.54 (-0.61, 1.49) 0.068  1.08 (0.41,1.74) -0.54 (-0.93,0.04) 0.028 

BMZ  -0.26 (-0.96,0.90)  -0.90 (-1.16,-0.50) 0.48 (-0.73, 1.47) 0.045  0.90 (0.37,1.76) -0.78 (-1,-0.04) 0.022 

Abbreviations: WAZ: weight-for-age z-score; LAZ: length-for-age z-score; WLZ: weight-for-length z-score; BMZ: BMI-for-age z-score; 

Weight, Length, WAZ, LAZ: mean (SD:); WLZ, BMZ: median and (interquartile range) 

For Length, LAZ, WLZ, BMZ: n=19 due to missing data (< 6months: n=6, ≥6 months n=13, BLW: n=7, spoon-fed: n=12) 
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3.3.3.3 Growth patterns at 18 months  

 

At 18 months of age, no significant correlations were observed between the age of solids 

introduction and any of the growth variables (mean age of measurement 17.98 months). 

Mean weight across the sample was 10.91kg (SD: 1.21) and average weight-for-age z-

score was 0.17 (SD: 0.84). Mean length was 81.79 cm (SD: 3.94) and the average z-score 

length z-score for age was 0.09 (SD: 1.35). Mean BMI-for-age z-score was 0.19 (SD: 

0.80). All these variables were normally distributed. Average weight-for-length z-score 

was 0.19 (IQR -0.33, 0.51) and was not normally distributed. Infants who were introduced 

to solids at/after 6 months continued to be heavier than those introduced to solids before 6 

months although both groups were within the healthy growth range and there were no 

significant differences between them. Infants in the BLW group had significantly higher 

weight-for-length z-score (p=0.028) and BMI-for-age z-score (p=0.020) than those in the 

spoon-fed group, as they did at 8 months. No other differences were observed in the BLW 

and spoon-fed group at 18 months. The 18 month growth data are summarised in Table 3-

4. 
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Table 3-4 Growth measurements at 18 months, across the whole sample and stratified by age of solids introduction and mode of complementary feeding 

   Age of Solids Introduction  Mode of Complementary Feeding 

Growth Variables  All (n=19)  <6 months (n=6) ≥6 months (n=13) P  BLW (n=7) Spoon-fed (n=12) P 

          

Weight (kg)  10.91 (1.21)  10.78 (1.25) 10.97 (1.25) 0.760  11.48 (1.48) 10.57 (0.94) 0.117 

Length (cm)  81.79 (3.94)  82.33 (3.72) 81.54 (4.16) 0.695  82 (1.97) 81.67 (3.45) 0.865 

WAZ  0.17 (0.84)  0.01 (0.87) 0.24 (0.86) 0.601  0.57 (1) -0.07 (0.68) 0.114 

LAZ  0.09 (1.35)  0.20 (1.18) 0.04 (1.47) 0.819  0.12 (1.73) 0.07 (1.17) 0.931 

WLZ  0.19 (-0.33,0.51)  -0.04 (-0.61, 0.38) 0.19 (-0.30, 0.65) 0.416  0.28 (0.09, 1.26) -0.30 (-0.50,0.29) 0.028 

BMZ  0.19 (0.80)  -0.12 (0.51) 0.33 (0.89) 0.267  0.73 (0.94) -0.13 (0.53) 0.020 

Abbreviations: WAZ: weight-for-age z-score; LAZ: length-for-age z-score; WLZ: weight-for-length z-score; BMZ: BMI-for-age z-score;  

Weight, Length, WAZ, LAZ, BMZ: mean (SD:); WLZ: median and (interquartile range) 
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3.3.4 Diet 

 

3.3.4.1 Food Groups at 8 months 

Daily consumption of various food groups at 8 months is presented in Table 3-5. Overall, 

among consumers, breast milk was consumed in large quantities (mean consumption of 

495g per day), followed by fruit (mean consumption of 95.5g per day), milk and milk 

products (mean consumption of 82g per day) and vegetables and potatoes (mean 

consumption of 70.4g). All infants were consuming breast milk and cereal/cereal dishes by 

8 months of age, followed by 19 infants (95%) consuming vegetables and potatoes. In 

terms of infant specific foods, 8 infants (40%) consumed formula whereas 7 infants (35%) 

consumed commercial infant foods.  

Table 3-5 Daily consumption of selected foods from dietary records, at 8 months 

  Daily consumption (g) 

Food group
1
 Consumers (n) Minimum Maximum Mean SD 

       

Cereals and cereal dishes  20 2 153.2 39.4 37.8 

Milk and dairy products   18 9 212.9 84.2 57 

Meat and meat products 12 1 49.8 21.7 16.3 

Fish and fish dishes  6 7.5 35 15.6 9.9 

Eggs and egg dishes 10 1.4 120 37 34.7 

Vegetables and potatoes 19 7.1 192.4 70.4 48.3 

Lentils and pulses 5 12.6 62.9 37 22.2 

Fruit 20 5.8 222.1 95.5 62.8 

Infant formula 8 1.66 270.7 152.8 89.2 

Breast milk
2
 20 203.3 966.7 495.2 208.6 

Commercial infant foods 7 12 285 11.8 91.1 

1
 Some food groups are not included due to small numbers of consumers; e.g. nuts and 

savoury snacks 

2
 Typical volumes of breast milk for full feeds were estimated from MRC data (Paul et al. 

1988) to be approximately 100g for those aged 8 months.  It was assumed that a feed of 10 

minutes or longer was equivalent to a full feed. For feeds of less than 10 minutes duration 

weights were calculated proportionately at 10g/min for 8 months. 
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3.3.4.2 Nutrient intakes at 8 months 

Nutrient intakes and distributions across the 25-75
th

 centiles at 8 months across the whole 

sample are presented in Table 3-6. Mean intakes of energy and most other nutrients were 

above the recommended nutrient intakes including energy in boys, protein, thiamine, B6, 

B12, folate, vitamin C, vitamin A, magnesium, sodium potassium, copper selenium and 

iodine. Mean energy intakes in girls, niacin and phosphorus were very only marginally 

below the recommended intakes. However, mean calcium and zinc intakes were lower than 

recommended intakes (81% and 76% of the RNI respectively), whereas iron and vitamin D 

intakes were much lower than recommended intakes (42% and 23% of the RNI 

respectively). It is worth noting that Vitamin D intakes do not include intakes from breast 

milk (as its Vitamin D content is not known) and therefore are an underestimate of actual 

intakes.  
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Table 3-6 Average daily intake and distributions across 25
th

 -75
th

 centiles of energy, macronutrients, vitamins and minerals, across the whole sample at 8 

months 

 All infants (n=20) 

Nutrient /day Mean SD 25
th

 Centile Median 75
th

 centile Mean as %RNI 

       

Energy KJ (males) 
1
 2970 300 2633 2996 3214 105 

Energy kcal (males) 
1
 711 72 630 717 769 105 

Energy KJ (females)
2
 2580 329 2368 2585 2844 99 

Energy kcal (females)
2
 613 78 563 615 676 98 

Protein (g) 20.7 3.1 17.9 20.3 23.0 151 

Total fat (g) 36 4 33 37 39 - 

Total Carbohydrate (g) 92 10 85 93 99 - 

Total NSP (g) 5 2 4 5 7 - 

Saturated Fats (g) 14 2 13 14 16 - 

Mono-unsaturated fats (g) 13 3 12 13 15 - 
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 All infants (n=20) 

Nutrient /day Mean SD 25
th

 Centile Median 75
th

 centile Mean as %RNI 

Poly-unsaturated fats (g) 5 1 4 5 5 - 

Thiamine (mg) 0.5 0.1 0.4 0.5 0.6 240 

Riboflavin (mg) 0.6 .2 0.4 0.5 0.7 144 

Niacin (mg) 4.5 1.5 3.4 4.0 5.8 99 

Pyridoxine B6 (mg) 0.6 0.2 0.4 0.6 0.7 274 

B12 (μg) 0.9 0.6 0.4 0.7 1.2 217 

Folate (μg) 98 30 74 90 116 197 

Vitamin C (mg) 57 21 43 57 73 226 

Vitamin A (μg) (retinol equivalent) 693 185 558 631 834 198 

Vitamin D (μg) 1.6 1.7 0.5 0.9 1.8 23 

Calcium (mg) 424 99 356 398 458 81 

Phosphorus (mg) 367 77 315 365 408 92 

Magnesium (mg) 88 15 78 87 99 117 
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 All infants (n=20) 

Nutrient /day Mean SD 25
th

 Centile Median 75
th

 centile Mean as %RNI 

Sodium (mg) 417 284 273 351 505 130 

Potassium (mg) 1089 191 942 1098 1265 156 

Chloride (mg) 787 418 552 711 924 157 

Iron (mg) 3.2 1.3 1.9 3.0 4.1 42 

Zinc (mg) 3.8 0.7 3.2 3.6 4.3 76 

Copper  (mg) 0.5 0.1 0.5 0.5 0.6 177 

Selenium (μg) 14 3 11 14 15 137 

Iodine (μg) 72 16 59 72 80 121 

1 
For Energy intakes in boys n=11  

2
 For

 
Energy intakes in girls n=9 



 
70 

 

3.3.4.3 Nutrient intakes at 8 months by age of solids introduction 

Table 3-7 shows mean nutrient intakes and their distribution across 25
th

-75
th

 centiles at 8 

months stratified by timing of introduction of solids (before or after 6 months). Infants who 

were introduced to solids after 6 months (n=13) had significantly lower intakes of 

riboflavin (p=0.032), Vitamin B6 (p=0.031), Vitamin B12 (p=0.019) and selenium 

(p=0.014) than infants who were introduced to solids before 6 months (n=7). Looking at 

mean intakes as %RNI, for the vast majority of nutrients in both groups, intakes exceeded 

the RNI. Girls who were introduced to solids before 6 months had energy intakes below 

the estimate average requirements (93% EAR) compared to girls who were introduced to 

solids after 6 months (106% EAR), although the difference was not statistically significant 

(p=0.360). Vitamin D, calcium, zinc and iron intakes were below requirements in both 

groups even though the differences between the groups were not statistically significant. 

Phosphorus intakes in infants introduced to solids after 6 months were below the RNI 

(86% of RNI) whereas infants who were introduced to solids before 6 months had 

phosphorus intakes just above the recommended intake (102% of the RNI). However the 

differences in intakes between the two groups were not statistically significant. 
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Table 3-7 Average daily intake and distributions across 25
th

 -75
th

 centiles of energy, macronutrients, vitamins and minerals, stratified by age of solids 

introduction at 8 months 

 <6 months (n=7)  ≥6 months (n=13)  

Nutrient /day Mean SD 
25

th
 

Centile 
Median 

75
th

 

centile 

Mean as 

%RNI 

 Mean SD 25
th 

centile 

Median 75
th 

centile 

Mean as 

%RNI 

P 

               

Energy KJ (boys) 
1
 2894 282 2615 2911 3156 102  3013 324 2633 3016 3359 106 0.555 

Energy kcal (boys) 
1
 693 67 626 697 756 102  721 77 630 722 804 106 0.555 

Energy KJ (girls)
2
 2427 373 2001 2585 - 93  2656 311 2447 2585 3003 102 0.360 

Energy kcal (girls)
2
 577 89 476 615 - 93  632 74 582 615 714 101 0.360 

Protein (g) 22.4 3.7 20.4 22.5 26.1 164  19.8 2.5 17.5 19.3 22.3 145 0.081 

Total fat (g) 34 3 32 33 38 -  37 5 34 38 40 - 0.128 

Saturated Fats (g) 14 2 13 14 16 -  15 2 13 14 17 - 0.659 

MUFA (g)  12 3 10 12 13 -  13 2 12 13 15 - 0.230 

PUFA (g) 4 1 4 4 5 -  5 1 4 5 6 - 0.062 

Total CHO (g) 95 8 87 98 100 -  91 10 85 89 99 - 0.331 

Total NSP (g) 5 1 4 4 7 -  5 2 4 5 7 - 0.676 
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 <6 months (n=7)  ≥6 months (n=13)  

Nutrient /day Mean SD 
25

th
 

Centile 
Median 

75
th

 

centile 

Mean as 

%RNI 

 Mean SD 25
th 

centile 

Median 75
th 

centile 

Mean as 

%RNI 

P 

Thiamine (mg) 0.5 0.1 0.4 0.6 0.6 282  0.5 0.2 0.3 0.5 0.6 217 0.423 

Riboflavin (mg) 0.7 0.2 0.5 0.6 0.9 173  0.5 0.2 0.4 0.4 0.7 129 0.032 

Niacin (mg) 5.4 1.3 4.0 5.5 6.6 126  4.0 1.5 2.9 3.6 5.2 84 0.058 

Pyridoxine B6 (mg) 0.7 0.2 0.6 0.7 0.7 317  0.5 0.2 0.4 0.5 0.6 251 0.031 

B12 (μg) 1.2 0.6 0.8 1.0 2.0 305  0.7 0.5 0.4 0.6 0.8 169 0.019
3 

Folate (μg) 97 21 74 93 117 194  99 35 75 85 114 198 0.699
3 

Vitamin C (mg) 60 19 50 62 78 240  55 22 40 50 69 219 0.599 

Vitamin A (μg)  736 186 599 730 867 210  670 188 557 618 751 191 0.462 

Vitamin D (μg) 2.3 2.2 0.9 1.1 5.2 32  1.2 1.4 0.4 0.6 1.7 18 0115
3 

Calcium (mg) 455 142 342 410 582 87  408 68 357 385 449 78 0.757
3 

Phosphorus (mg) 408 93 318 393 466 102  344 60 277 357 390 86 0.078 

Magnesium (mg) 89 9 80 90 100 119  87 18 70 86 99 115 0.721 

Sodium (mg) 443 212 276 369 577 139  403 324 228 336 442 126 0.536
3 
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 <6 months (n=7)  ≥6 months (n=13)  

Nutrient /day Mean SD 
25

th
 

Centile 
Median 

75
th

 

centile 

Mean as 

%RNI 

 Mean SD 25
th 

centile 

Median 75
th 

centile 

Mean as 

%RNI 

P 

Potassium (mg) 1168 186 1121 1157 1314 167  1047 187 920 990 1156 150 0.186 

Chloride (mg) 817 311 570 698 959 163  771 478 489 724 856 154 0.643
3 

Iron (mg) 3.7 1.4 2.6 3.1 5.2 47  3.0 1.2 1.8 3.0 4.0 39 0.317 

Zinc (mg) 4.0 0.9 3.1 4.0 4.6 80  3.7 0.6 3.3 3.5 4.0 74 0.341 

Copper  (mg) 0.5 0.1 0.4 0.5 0.6 168  0.5 0.1 0.5 0.5 0.6 182 0.282 

Selenium (μg) 16 4 14 16 18 159  13 2 11 12 14 125 0.014 

Iodine (μg) 81 19 68 79 104 135  68 12 58 67 77 113 0.064 

1 
For energy intakes in boys n=4 before 6 months, n=7 after 6 months  

2 
For energy intakes in girls n=3 before 6 months, n=6  after 6 months 

3
Mann Whitney test 

Abbreviations: CHO: carbohydrate, NSP: Non-starch polysaccharides, MUFA: Mono-unsaturated fatty acids, PUFA: Poly-unsaturated fatty acids  
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3.3.4.4 Nutrient intakes at 8 months by mode of complementary feeding 

Looking at mean nutrient intakes stratified by method of complementary feeding (Table 3-

8), infants who followed baby-led weaning (n=7) had significantly higher intakes of 

polyunsaturated fatty acids (p=0.002) than those who were spoon-fed (n=13). However, 

the baby-led weaning group had significantly lower riboflavin, Vitamin D and Iodine 

intakes (p=0.036, p=0.037 and p=0.017 respectively) than the spoon-fed group at 8 

months. The majority of mean nutrients were above the recommended intakes in both 

groups. Girls who were spoon-fed had energy intakes lower than the EAR (93%) as 

opposed to girls who followed baby-led weaning (109%), however the difference did not 

reach statistical significance (p=0.075). Mean niacin intakes were below the RNI in infants 

who were baby-led weaned (93%) whereas their spoon-fed counterparts had intakes just 

over the RNI (102%). Again, the difference was not significant. Of the remaining mean 

nutrient intakes in both groups, namely phosphorus, calcium, iron and zinc, the spoon-fed 

group had higher intakes than the baby-led weaned group but none of the differences were 

statistically significant.  
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Table 3-8 Average daily intake and distributions across 25
th

 -75
th

 centiles of energy, macronutrients, vitamins and minerals, stratified by method of 

complementary feeding at 8 months 

 BLW (n=7)  Spoon-fed (n=13)  

Nutrient /day Mean SD 
25

th
 

Centile 
Median 

75
th

 

centile 

Mean as 

%RNI 

 Mean SD 25
th 

centile 

Median 75
th 

centile 

Mean as 

%RNI 

P 

               

Energy KJ (boys) 
1
 3026 300 2729 3056 3293 107  2938 320 2574 2983 3214 104 0.664 

Energy kcal (boys) 
1
 724 72 653 732 788 107  703 77 616 714 769 103 0.664 

Energy KJ (girls)
2
 2851 283 2526 2991 - 109  2444 274 2158 2578 2622 94 0.075 

Energy kcal (girls)
2
 678 67 601 711 - 109  581 65 513 613 624 93 0.075 

Protein (g) 20.0 2.7 17.5 19.3 23.1 146  21.2 3.4 18.1 21.6 23.1 154 0.432 

Total fat (g) 38 4 34 38 41 -  35 4 32 35 39 - 0.109 

Saturated Fats (g) 14 2 13 14 16 -  14 2 12 14 17 - 0.907 

MUFA (g) 14 2 13 13 15 -  12 3 10 12 14 - 0.176 

PUFA (g) 6 1 5 6 7 -  4 1 4 5 5 - 0.002 
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 BLW (n=7)  Spoon-fed (n=13)  

Nutrient /day Mean SD 
25

th
 

Centile 
Median 

75
th

 

centile 

Mean as 

%RNI 

 Mean SD 25
th 

centile 

Median 75
th 

centile 

Mean as 

%RNI 

P 

Total CHO (g) 88 10 85 89 95 -  94 9 86 98 99 - 0.152 

Total NSP (g) 6 2 4 7 7 -  5 2 4 4 7 - 0.293 

Thiamine (mg) 0.5 0.1 0.3 0.5 0.5 224  0.5 0.1 0.4 0.6 0.6 248 0.391 

Riboflavin (mg) 0.5 0.1 0.4 0.4 0.6 116  0.6 0.2 0.5 0.6 0.8 159 0.036 

Niacin (mg) 4.2 1.5 3.4 3.7 4.9 93  4.6 1.6 3.1 4.4 6.0 102 0.580 

Pyridoxine B6 (mg) 0.5 0.1 0.4 0.5 0.6 249  0.6 0.2 0.4 0.6 0.7 288 0.278 

B12 (μg) 0.7 0.3 0.4 0.6 0.8 164 
 

1.0 0.6 0.4 0.8 1.6 245 0.351
3 

Folate (μg) 100 35 73 93 116 200 
 

97 29 75 87 116 195 1
3 

Vitamin C (mg) 56 17 42 50 75 224  57 23 36 59 72 227 0.940 

Vitamin A (μg)  700 235 557 614 933 200  690 163 579 681 812 197 0.907 

Vitamin D (μg) 0.7 0.6 0.4 0.5 1.2 11 
 

2.0 2.0 0.7 1.1 3.8 29 0.037
3 

Calcium (mg) 378 36 355 367 421 72 
 

449 114 350 413 530 86 0.241
3 

Phosphorus (mg) 327 65 264 330 380 82  388 78 337 374 418 97 0.084 
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 BLW (n=7)  Spoon-fed (n=13)  

Nutrient /day Mean SD 
25

th
 

Centile 
Median 

75
th

 

centile 

Mean as 

%RNI 

 Mean SD 25
th 

centile 

Median 75
th 

centile 

Mean as 

%RNI 

P 

Magnesium (mg) 89 19 70 88 102 119  86 14 78 86 97 115 0.701 

Sodium (mg) 555 378 365 389 562 173 
 

343 198 218 286 439 107 0.056
3 

Potassium (mg) 1078 172 961 1057 1166 154  1095 207 920 1121 1307 156 0.857 

Chloride (mg) 991 559 724 787 948 198 
 

678 290 467 659 825 136 0.067
3 

Iron (mg) 3.0 1.0 1.8 3.1 3.8 38  3.4 1.5 2.0 3.0 5.0 43 0.545 

Zinc (mg) 3.5 0.4 3.2 3.5 3.7 71  3.9 0.8 3.2 3.8 4.5 79 0.222 

Copper  (mg) 0.6 0.1 0.5 0.5 0.6 187  0.5 0.1 0.5 0.5 0.6 172 0.250 

Selenium (μg) 13 2 10 14 15 127  14 3 12 14 17 142 0.304 

Iodine (μg) 62 8 57 61 67 103  78 16 69 78 86 131 0.017 

1 
For energy intakes in boys n=4 in BLW group, n=7 in spoon-fed group 

2 
For energy intakes in girls n=3 in BLW group, n=6  in spoon-fed group 

3
Mann Whitney test

 

Abbreviations: CHO: carbohydrate, NSP: Non-starch polysaccharides, MUFA: Mono-unsaturated fatty acids, PUFA: Poly-unsaturated fatty acids, equiv: equivalents 
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3.3.4.5 Nutrient comparisons with DRVs at 8 months 

At 8 months 23.7% of boys and 66.7% of girls had energy intakes below the estimated 

average requirements. In terms of vitamins, all infants had intakes below the RNI for 

vitamin D, 35% had intakes below the RNI for riboflavin and 65% infants had intakes 

below the RNI for niacin. In terms of mineral intakes, iron fared the worst with all infants 

below the RNI and 70% below the LRNI, followed by zinc with 85% of infants below the 

RNI; however in the case of zinc 40% of the sample had intakes below the LRNI.  Calcium 

and phosphorus intakes were below the RNI for 75% and 55% of the sample respectively, 

with 20% infants below the LRNI for each nutrient. Sodium intakes were low for 45% of 

the sample and 15% of them had intakes below the LRNI. Iodine and magnesium intakes 

were below the RNI for 40% of the sample, with 5% infants below the LRNI for Iodine but 

not magnesium. Finally selenium and chloride intakes were below the RNI for 30% and 

20% of the sample respectively. There were no statistically significant differences in the 

proportion of infants below the RNI and LRNI between infants introduced to solids before 

or after six months. The only significant difference when looking at mode of 

complementary feeding was a significantly higher proportion of BLW infants with low 

riboflavin intakes compared to spoon-fed infants (p=0.022) (Tables 3-9 and 3-10). 
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Table 3-9 Proportion of participants with average daily intake of energy, macronutrients, vitamins and minerals below the Reference Nutrient intake (RNI) 

across the sample and stratified by age of solids introduction and mode of complementary feeding at 8 months 

   Age of Solids Introduction  Mode of Complementary Feeding 

Nutrient /day All (n=20)  <6 months (n=7) ≥6 months (n=13) P  BLW (n=7) Spoon-fed (n=13) P 

          

Energy (kcal) (boys) 3 (27.3)  1 (25) 2 (28.6) 1
  1 (25) 2 (28.6) 1 

Energy (kcal) (girls) 6 (66.7)  3 (100) 3 (50) 1
  1 (33.3) 5 (83.3)  

Protein (g) 4 (20)  1 (14.3) 3 (23.1) 1  2 (28.8) 2 (15.4) 0.587 

Thiamine (mg) 1 (5)  0 1 (7.7) 1  1 (14.3) 0 0.350 

Riboflavin (mg) 7 (35)  1 (14.3) 6 (46.2) 0.329  5 (71.4) 2 (15.4) 0.022 

Niacin (mg) 13 (65)  3 (42.9) 10 (76.9) 0.174  6 (85.7) 7 (53.8) 0.329 

B12 (μg) 4 (20)  1 (14.3) 3 (23.1) 1  1(14.3) 3 (23.1) 1 

Folate (μg) 2 (10)  0 2 (15.4) 0.521  1(14.3) 1 (7.7) 1 

Vitamin C (mg) 2 (10)  1 (14.3) 1 (7.7) 1  1(14.3) 1 (7.7) 1 

Vitamin D (μg) 20(100)  7 (100) 13 (100) -  7(100) 13(100)  

Calcium (mg) 15 (75)  5 (71.4) 10 (76.9) 0.594  6 (85.7) 9 (69.2) 0.406 

Phosphorus (mg) 11 (55)  4 (57.1) 7 (53.8) 1  5 (71.4) 6 (46.2) 0.374 
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   Age of Solids Introduction  Mode of Complementary Feeding 

Nutrient /day All (n=20)  <6 months (n=7) ≥6 months (n=13) P  BLW (n=7) Spoon-fed (n=13) P 

Magnesium (mg) 8 (40)  4 (57.1) 4 (30.8) 0.356  3(42.9) 5 (38.5) 0.608 

Sodium (mg) 9 (45)  3 (42.9) 6 (46.2) 1  2 (28.6) 7 (53.8) 0.374 

Potassium (mg) 5 (25)  2 (28.6) 3 (23.1) 1  2 (28.6) 3 (23.1) 1 

Chloride (mg) 4 (20)  2 (28.6) 2 (15.4) 0.587  1 (14.3) 3 (23.1) 1 

Iron (mg) 20 (100)  7 (100) 13 (100) -  7 (100) 13 (100) - 

Zinc (mg) 17 (85)  7 (100) 10 (76.9) 0.521  6 (85.7) 11 (84.6) 1 

Copper  (mg) 2 (10)  1 (14.3) 1 (7.7) 1  1 (14.3) 1 (7.7) 1 

Selenium (μg) 6 (30)  2 (28.6) 4 (30.8) 1  3 (42.9) 3 (23.1) 0.613 

Iodine (μg) 8 (40)  2 (28.6) 6 (46.2) 0.642  5 (71.4) 3 (23.1) 0.062 

All variables n (%), EAR for energy 

1 
For energy intakes in boys n=4 in BLW group, n=7 in spoon-fed group, n=4 before 6 months, n=7 after 6 months  

2 
For energy intakes in girls n=3 in BLW group, n=6  in spoon-fed group, n=3 before 6 months, n=6  after 6 months 
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Table 3-10 Proportion of participants with average daily intake of energy, macronutrients, vitamins and minerals below the Lower Reference Nutrient in 

take (LRNI) across the sample and stratified by age of solids introduction and mode of complementary feeding at 8 months 

   Age of Solids Introduction  Mode of Complementary Feeding 

Nutrient /day  All (n=20)  <6 months (n=7) ≥6 months (n=13) P  BLW (n=7) Spoon-fed (n=13) P 

          

B12 (μg) 2 (10)  0 2 (15.4) 0.521  1 (14.3) 1 (7.7) 1 

Calcium (mg) 2 (10)  1 (14.3) 1  (7.7) 1  1 (14.3) 1 (7.7) 1 

Phosphorus (mg) 2 (10)  0 2 (15.4) 0.521  1 (14.3) 1 (7.7) 1 

Sodium (mg) 3 (15)  1 (14.3) 2 (15.4) 1  1 (14.3) 2 (15.4) 1 

Chloride (mg) 1 (5)  0 1  (7.7) 1  1 (14.3) 0 0.350 

Iron (mg) 14 (70)  5 (71.4) 9 (69.2) 1  6 (85.7) 8 (61.5) 0.354 

Zinc (mg) 8 (40)  3 (42.9) 5 (38.5) 11  4 4 (30.8) 0.356 

Iodine (μg) 1 (5)  1 (14.3) 0 0.350  0 1 (7.7) 1 

All variables n (%) 
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3.3.4.6 Food Groups at 18 months 

Daily consumption of various food groups at 18 months is presented in Table 3-11. 

Overall, among consumers, milk and dairy products and fruit were consumed in large 

quantities (mean of 320g and 195g per day respectively) followed by cereal products 

(mean consumption 130g per day) and vegetables and potatoes (mean consumption 

108.9g). All infants were consuming cereal and cereal dishes, milk and dairy products, 

fruit and beverages (excluding water) by 18 months of age, followed by 18 infants (95%) 

consuming vegetables and potatoes, 13 (68%) meat and meat products, 11 (58%) eggs and 

egg dishes, lentils and pulses. Nine infants (47%) were still breastfeeding, however in 

terms of infant specific foods only 1 infant (5%) consumed formula whereas 3 infants 

(16%) consumed commercial infant foods. 

 

Table 3-11 Daily consumption of selected foods from dietary records, at 18 months 

  Daily consumption (g) 

Food group
1
 Consumers (n) Minimum Maximum Mean SD 

       

Cereals and cereal dishes  19 40.7 203.7 130.3 45.2 

Milk and dairy products   19 47.5 767.3 320.5 219.6 

Meat and meat products 13 16.3 182.0 59.3 44.6 

Fish and fish dishes  11 2.7 106.0 37.4 29.6 

Eggs and egg dishes 11 14.2 120.0 53.5 27.8 

Vegetables and potatoes 18 9.0 218.5 114.9 54.0 

Lentils and pulses 11 11.8 200.0 67.5 51.9 

Fruit 19 44.7 466.7 195.3 126.0 

Nuts  9 6.5 60.0 22.6 16.9 

Savoury snacks 15 2.0 63.5 15.1 15.1 
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  Daily consumption (g) 

Food group
1
 Consumers (n) Minimum Maximum Mean SD 

Beverages 19 14.0 220.0 86.4 72.2 

Infant formula 1 156.7 156.7 156.7  

Breast milk
2
 9 100.0 760.0 287.8 212.9 

Commercial infant foods 3 106.8 141.7 124.5 17.4 

1
 Some food groups are not included due to small numbers of consumers; e.g soups 

2
 Typical volumes of breast milk for full feeds were estimated from MRC data (Paul et al. 

1988) to be approximately 100g for those aged 8 months.  It was assumed that a feed of 10 

minutes or longer was equivalent to a full feed. For feeds of less than 10 minutes duration 

weights were calculated proportionately at 10g/min for 8 months. 

 

3.3.4.7 Nutrient intakes at 18 months 

Nutrient intakes and distributions across the 25-75
th

 centiles at 18 months across the whole 

sample are presented in Table 3-12. Mean intakes of energy and almost all other nutrients 

were above the recommended nutrient but intakes of vitamin D were still much lower than 

recommended intakes (31% of the RNI) and iron intakes were marginally lower (96%) 

than the RNI. It is worth noting again that Vitamin D intakes do not include intakes from 

breast milk and therefore are an underestimate of actual intakes, however to a lesser extent 

than that of the 8 month time point, as fewer infants were still breastfeeding at 18 months. 
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Table 3-12 Average daily intake and distributions across 25
th

 -75
th

 centiles of energy, macronutrients, vitamins and minerals, across the whole sample at 18 

months 

 All infants (n=19)  

Nutrient /day Mean SD 25
th

 Centile Median 75
th

 centile Mean as %RNI 

       

Energy KJ (males) 
1
 5209 1074 4005 5269 5681 140 

Energy kcal (males) 
1
 1239 255 950 1252 1350 141 

Energy KJ (females)
2
 4835 983 4154 4411 5918 140 

Energy kcal (females)
2
 1149 236 989 1047 1409 139 

Protein (g) 42.2 8.8 36.9 41.2 45.0 291 

Total fat (g) 51 8 45 49 56 - 

Saturated Fats (g) 21 5 16 22 25 - 

Mono-unsaturated fats (g) 16 4 14 15 19 - 

Poly-unsaturated fats (g) 8 4 5 7 10 - 

Total Carbohydrate (g) 153 21 136 152 169 - 

Total NSP (g) 12 3 9 11 14 - 

Thiamine (mg) 0.9 0.2 0.8 0.9 1.1 204 
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 All infants (n=19)  

Nutrient /day Mean SD 25
th

 Centile Median 75
th

 centile Mean as %RNI 

Riboflavin (mg) 1.3 0.4 0.9 1.2 1.7 219 

Niacin (mg) 8.8 2.2 6.8 9.1 10.1 114 

Pyridoxine B6 (mg) 1.2 0.2 1.1 1.2 1.3 195 

B12 (μg) 3.0 1.4 1.8 2.4 4.3 599 

Folate (μg) 180 38 155 179 213 257 

Vitamin C (mg) 78 29 59 77 93 260 

Vitamin A (μg) (retinol equivalent) 658 261 431 656 815 164 

Vitamin D (μg) 2.1 1.7 1.0 1.8 2.6 31 

Calcium (mg) 758 246 517 779 968 217 

Phosphorus (mg) 853 200 666 874 1005 316 

Magnesium (mg) 193 49 157 178 225 227 

Sodium (mg) 1210 367 995 1193 1374 242 

Potassium (mg) 2052 411 1825 2118 2319 256 

Chloride (mg) 1948 518 1676 1922 2166 243 
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 All infants (n=19)  

Nutrient /day Mean SD 25
th

 Centile Median 75
th

 centile Mean as %RNI 

Iron (mg) 6.6 1.6 5.0 6.3 8.0 96 

Zinc (mg) 5.9 1.2 5.3 5.5 6.3 117 

Copper  (mg) 0.8 0.3 0.6 0.8 1.0 196 

Selenium (μg) 26 10 21 23 30 174 

Iodine (μg) 152 64 95 130 204 218 

1 
For Energy intakes in boys n=11  

2
 For Energy intakes in girls n=8 
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3.3.4.8 Nutrient intakes at 18 months by age of solids introduction 

Table 3-13 shows mean nutrient intakes and their distribution across 25
th

-75
th

 centiles at 18 

months stratified by timing of introduction of solids (before or after 6 months). Infants who 

were introduced to solids after 6 months (n=13) had significantly lower intakes of saturated 

fatty acids (p=0.005) than infants who were introduced to solids before 6 months (n=6). 

Looking at mean intakes as %RNI (Table 3-13) for the vast majority of nutrients in both 

groups, intakes exceeded the RNI. Vitamin D and -to a much lesser extent- iron intakes 

were below requirements in both groups even though the differences between the groups 

were not statistically significant.  
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Table 3-13 Average daily intake and distributions across 25
th

 -75
th

 centiles of energy, macronutrients, vitamins and minerals, stratified by age of solids 

introduction at 18 months 

 <6 months (n=6)  ≥6 months (n=13)  

Nutrient /day Mean SD 
25

th
 

Centile 
Median 

75
th

 

centile 

Mean as 

%RNI 

 Mean SD 25
th 

centile 

Median 75
th 

centile 

Mean as 

%RNI 

P 

               

Energy KJ (boys) 
1
 4952 699 4234 5230 5392 133  5356 1269 4005 5569 6629 144 0.576 

Energy kcal (boys) 
1
 1179 166 1008 1243 1285 134  1274 302 950 1319 1583 145 0.581 

Energy KJ (girls)
2
 4523 572 4118 4523 - 131  4939 1112 4159 4411 6298 143 0.642 

Energy kcal (girls)
2
 1079 137 982 1079 - 131  1173 267 985 1047 1499 142 0.661 

Protein (g) 46.1 9.3 38.9 43.8 53.5 318  40.4 8.3 36.2 39.4 42.5 279 0.179
3 

Total fat (g) 55 5 50 55 60   49 8 44 46 56  0.129 

Saturated Fats (g) 25 1 23 24 26   19 6 15 18 23  0.005 

MUFA (g) 17 3 14 18 19   16 4 14 15 19  0.698 

PUFA (g) 7 2 6 6 8   8 4 5 8 11  0.388 
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 <6 months (n=6)  ≥6 months (n=13)  

Nutrient /day Mean SD 
25

th
 

Centile 
Median 

75
th

 

centile 

Mean as 

%RNI 

 Mean SD 25
th 

centile 

Median 75
th 

centile 

Mean as 

%RNI 

P 

Total CHO (g) 139 11 130 138 146   159 22 145 161 179  0.054 

Total NSP (g) 10 2 9 10 12   12 3 10 11 14  0.282
3 

Thiamine (mg) 1.0 0.2 0.8 0.9 1.2 220  0.9 0.2 0.7 0.9 1.1 196 0.464 

Riboflavin (mg) 1.4 0.4 1.0 1.6 1.7 241  1.3 0.5 0.9 1.1 1.7 209 0.384 

Niacin (mg) 8.9 2.0 7.2 8.6 10.2 118  8.7 2.3 6.4 9.1 10.1 113 0.907 

Pyridoxine B6 (mg) 1.2 0.1 1.1 1.2 1.3 174  1.2 0.3 1.1 1.2 1.4 205 0.845 

B12 (μg) 3.6 1.3 2.2 4.1 4.6 723  2.7 1.4 1.7 2.4 4.2 542 0.200 

Folate (μg) 170 39 146 176 199 243  185 39 149 190 214 264 0.460 

Vitamin C (mg) 68 25 39 73 87 225  83 31 60 77 97 276 0.579
3 

Vitamin A (μg)  709 182 517 793 847 177  634 294 409 614 761 159 0.577 

Vitamin D (μg) 2.3 1.3 1.4 1.9 2.8 32  2.1 1.8 0.7 1.4 3.1 30 0.368
3 

Calcium (mg) 838 211 656 911 1002 240  721 260 513 606 933 206 0.349 

Phosphorus (mg) 936 237 701 972 1097 347  815 177 663 744 981 302 0.229 
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 <6 months (n=6)  ≥6 months (n=13)  

Nutrient /day Mean SD 
25

th
 

Centile 
Median 

75
th

 

centile 

Mean as 

%RNI 

 Mean SD 25
th 

centile 

Median 75
th 

centile 

Mean as 

%RNI 

P 

Magnesium (mg) 175 37 151 168 196 206  201 53 165 188 230 237 0.323
3 

Sodium (mg) 1431 514 1074 1288 1849 286  1108 237 946 1155 1287 222 0.244
3 

Potassium (mg) 1974 461 1673 2060 2292 247  2087 401 1824 2118 2397 261 0.592 

Chloride (mg) 2223 777 1688 2085 2656 278  1821 310 1534 1902 2018 228 0.244
3 

Iron (mg) 6.2 1.5 4.8 6.2 7.8 90  6.8 1.7 5.0 6.9 8.3 98 0.476 

Zinc (mg) 6.4 1.7 5.3 5.6 7.9 129  5.6 0.8 5.2 5.5 6.0 112 0.289 

Copper  (mg) 0.7 0.2 0.5 0.6 0.8 164  0.8 0.3 0.7 0.8 1.0 211 0.106
3 

Selenium (μg) 26 4 22 25 28 170  26 12 19 23 33 176 0.521
3 

Iodine (μg) 176 67 111 177 236 252  141 62 90 113 193 202 0.210
3 

1 
For energy intakes in boys n=4 before 6 months, n=7 after 6 months  

2 
For energy intakes in girls n=2 before 6 months, n=6  after 6 months 

3
Mann Whitney test 

Abbreviations: CHO: carbohydrate, NSP: Non-starch polysaccharides, MUFA: Mono-unsaturated fatty acids, PUFA: Poly-unsaturated fatty acids, equiv: equivalents 
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3.3.4.9 Nutrient intakes at 18 months by method of complementary feeding 

Looking at mean nutrient intakes stratified by method of feeding (Table 3-14), infants who 

followed baby-led weaning (n=7) had significantly higher intakes of selenium (p=0.028) 

than those who were spoon-fed (n=12). However the BLW group had significantly lower 

calcium (p=0.045) and vitamin A intakes (p=0.018) than the spoon-fed group at 18 

months. Iodine intakes were also lower in the BLW group and were close to reaching 

statistical significance. The majority of mean nutrients were above the recommended 

intakes in both groups. Iron intakes were lower in the baby-led group (94% of RNI versus 

97% for the spoon-fed group) however the difference did not reach statistical significance 

(p=0.840). The nutrient with the lowest %RNI remained vitamin D (28% in the baby-led 

group and 32% in the spoon-fed group) but the differences were not statistically 

significant.  
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Table 3-14 Average daily intake and distributions across 25
th

 -75
th

 centiles of energy, macronutrients, vitamins and minerals, stratified by method of 

complementary feeding at 18 months 

 BLW (n=7)  Spoon-fed (n=12)  

Nutrient /day Mean SD 
25

th
 

Centile 
Median 

75
th

 

centile 

Mean as 

%RNI 

 Mean SD 25
th 

centile 

Median 75
th 

centile 

Mean as 

%RNI 

P 

               

Energy KJ (boys) 
1
 5305 1095 4258 5293 6364 143  5154 1146 3915 5269 5681 139 0.836 

Energy kcal (boys) 
1
 1262 264 1011 1257 1517 143  1226 271 933 1252 1350 139 0.838 

Energy KJ (girls)
2
 4788 1280 3856 4260 - 139  4863 933 4251 4438 5687 141 0.926 

Energy kcal (girls)
2
 1136 309 910 1010 - 138  1157 223 1011 1055 1355 140 0.911 

Protein (g) 38.7 4.9 35.5 38.1 42.1 267  44.2 10.1 39.2 42.0 49.3 305 0.196
3 

Total fat (g) 49 10 41 46 56   52 7 47 50 58  0.358 

Saturated Fats (g) 19 4 16 18 20   22 6 20 23 26  0.190 

MUFA(g) (g) 17 5 14 15 20   16 4 13 16 19  0.944 

PUFA(g) 8 3 4 8 11   8 4 5 7 10  0.910 

Total CHO (g) 162 24 148 169 185   147 19 134 142 161  0.150 

Total NSP 11 3 9 11 12   12 3 9 11 14  0.650
3 

Thiamine (mg) 0.9 0.2 0.7 0.9 1.1 193  1.0 0.2 0.8 1.0 1.2 210 0.192 
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 BLW (n=7)  Spoon-fed (n=12)  

Nutrient /day Mean SD 
25

th
 

Centile 
Median 

75
th

 

centile 

Mean as 

%RNI 

 Mean SD 25
th 

centile 

Median 75
th 

centile 

Mean as 

%RNI 

P 

Riboflavin (mg) 1.1 0.4 0.7 1.0 1.2 182  1.4 0.4 1.0 1.6 1.8 241 0.090 

Niacin (mg) 9.3 1.8 8.2 9.2 10.1 122  8.5 2.4 6.6 7.8 9.5 110 0.435 

Pyridoxine B6 (mg) 1.2 .3 1.1 1.3 1.4 205  1.2 .2 1.1 1.2 1.3 190 0.912 

B12 (μg) 2.4 1.3 1.7 1.8 2.4 478 
 

3.3 1.4 2.4 4.0 4.4 670 0.155 

Folate (μg) 183 33 155 190 213 262 
 

179 43 148 178 211 255 0.810 

Vitamin C (mg) 77 17 59 77 93 256  79 35 57 75 96 262 0.967
3 

Vitamin A (μg)  480 200 307 431 734 120  762 240 567 755 853 190 0.018 

Vitamin D (μg) 2.0 1.7 0.9 1.8 2.6 28 
 

2.2 1.7 1.0 1.7 3.2 32 0.773
3 

Calcium (mg) 612 172 506 534 800 175 
 

843 248 584 911 997 241 0.045 

Phosphorus (mg) 745 151 643 733 874 276  916 202 705 958 1030 339 0.071 

Magnesium (mg) 185 37 156 174 220 217  198 56 159 179 232 233 0.711
3 

Sodium (mg) 1172 275 1009 1272 1412 234 
 

1232 422 921 1170 1351 246 0.711
3 

Potassium (mg) 1937 402 1467 2059 2226 242  2119 419 1865 2154 2453 265 0.367 

Chloride (mg) 1916 327 1817 1999 2166 240 
 

1966 617 1477 1897 2189 246 0.650
3 

Iron (mg) 6.5 1.1 5.1 6.9 7.3 94  6.7 1.9 5.0 6.2 8.4 97 0.840 
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 BLW (n=7)  Spoon-fed (n=12)  

Nutrient /day Mean SD 
25

th
 

Centile 
Median 

75
th

 

centile 

Mean as 

%RNI 

 Mean SD 25
th 

centile 

Median 75
th 

centile 

Mean as 

%RNI 

P 

Zinc (mg) 5.3 0.7 4.9 5.4 5.8 106  6.2 1.3 5.3 5.6 7.0 123 0.135 

Copper  (mg) 0.8 0.2 0.7 0.8 1.0 199  0.8 0.3 0.6 0.7 0.9 195 0.592
3 

Selenium (μg) 27 11 18 23 36 180  26 9 21 23 27 171 0.028
3 

Iodine (μg) 115 58 83 96 113 164  174 59 120 180 221 248 0.050 

1 
For energy intakes in boys n=4 in BLW group, n=7 in spoon-fed group 

2 
For energy intakes in girls n=3 in BLW group, n=5  in spoon-fed group 

3
Mann Whitney test

 

Abbreviations: CHO: carbohydrate, NSP: Non-starch polysaccharides, MUFA: Mono-unsaturated fatty acids, PUFA: Poly-unsaturated fatty acids, equiv: equivalents 
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3.3.4.10 Nutrient comparisons with DRVs at 18 months 

At 18 months one boy, who was introduced to solids after 6 months and followed baby-led 

weaning had energy intakes below the estimated average requirements. In terms of 

vitamins, all infants had intakes below the RNI for vitamin D, 36.8% for niacin, 21.1% for 

Vitamin A and 5.3% for vitamins B6 and Thiamine respectively. Niacin was the only 

nutrient at 18 months where infants had intakes below the LRNI (10.5% of infants). In 

terms of mineral intakes, iron fared the worst again with just over half of infants below the 

RNI (57.9%) but unlike the 8 month time point none had intakes below the LRNI. Zinc 

intakes had improved since the 8 month point as 36.8% had intakes below the RNI, 

followed by 10.5% copper and 5.3% with intakes below the RNI for iodine and selenium. 

The proportion of infants with intakes below the RNI for vitamin A was significantly 

higher in the baby-led weaning group (p=0.009). There were no statistically significant 

differences in the proportion of infants below the RNI for all the remaining nutrients in any 

of the groups examined (Table 3-15). 
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Table 3-15 Proportion of participants (n) with average daily intake of energy, macronutrients, vitamins and minerals below the Reference Nutrient in take 

(RNI) (EAR for energy) across the sample and stratified by age of solids introduction and mode of complementary feeding at 18 months 

   Age of Solids Introduction  Mode of Complementary Feeding 

Nutrient /day* All (n=19)  <6 months (n=6) ≥6 months (n=13) P  BLW (n=7) Spoon-fed (n=12) P 

          

Energy (kcal) (boys) 1 (9.1)  0 1 (14.3) 1  0 1 (14.3) 1 

Thiamine (mg) 1 (5.3)  0 1 (7.7) 1  0 1 (8.3) 1 

Niacin (mg) 7 (36.8)  3 (50) 4 (30.8) 0.617  2 (28.6) 5 (41.7) 0.656 

Pyridoxine B6 (mg) 1 (5.3)  0 1 (7.7) 1  0 1 (8.3) 1 

Vitamin A (μg) 4 (21.1)  0 4 (30.8) 0.255  4 (57.1) 0 0.009 

Vitamin D (μg) 19 (100)  6 (100) 13 (100) -  7 (100) 12 (100) - 

Iron (mg) 11 (57.9)  4 (66.7) 7 (53.8) 1  4 (57.1) 7 (58.3) 1 

Zinc (mg) 7 (36.8)  1 (16.7) 6 (46.2) 0.333  4 (57.1) 3 (25) 0.326 

Copper  (mg) 2 (10.5)  2 (33.3) 0 0.088  0 2 (16.7) 0.509 

Selenium (μg) 1 (5.3)  0 1 (7.7) 1  1 (14.3) 0 0.368 

Iodine (μg) 1 (5.3)  0 1 (7.7) 1  1 (14.3) 0 0.368 

*All variables n (%) 

1 
For energy intakes in boys n=4 in BLW group, n=7 in spoon-fed group, n=4 before 6 months, n=7 after 6 months  
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3.3.5 Iron Status 

3.3.5.1 Iron status at 8 months 

Fifteen mothers (75%) consented for a blood sample to be taken from their infants at 8 

months. The reason given by the remaining mothers for not consenting was that they did 

not want to cause their infants distress by having a heel-prick without a medical reason. 

Fourteen samples were obtained as one infant was unwell on the day of blood collection.  

Haemoglobin (Hb) levels were found to be normally distributed and are shown in Table 3-

16. Two infants had Hb levels below the WHO cut-off point for anaemia (106 and 108 g/l 

respectively) both of whom were male and introduced to solids after 6 months. One of 

them was following baby-led weaning. Using the ALSPAC and SACN cut-off points, no 

infants were classed as having a low haemoglobin level.  No significant association was 

found between the age of first solids introduction and haemoglobin at the 8 month time 

point (p=0.951). There were no differences between any of the groups and haemoglobin 

levels or proportion of infants below any of the cut-off points at 8 months. 
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Table 3-16 Haemoglobin levels at 8 months across the whole sample and stratified by age of solids introduction and mode of complementary feeding 

   Age of Solids Introduction  Mode of Complementary Feeding 

Haemoglobin (g/l) All (n=14)  <6 months (n=4) ≥6 months (n=10) P  BLW (n=6) Spoon-fed (n=8) P 

          

Mean 116.8  117 116.7 0.951
 

 115.8 117.5 0.708
 

Median 116  116 115.5   114 116  

SD 7.8  6.8 8.5   8.5 7.7  

Upper 95% CI 121.3  127.9 122.8   124.7 124  

Lower 95% CI 112.3  106.1 110.6   107 111  

          

n(%) <SACN cut-off
1
 0  0 0 (0) 

 
 0 0 

 

n(%) <WHO cut-off
2
 2 (14)  0 2 (20) 1

 
 1 (16.7) 1 (12.5) 1

 

n (%) <ALSPAC cut-off
3 

0  0 0   0 0  

1 
Haemoglobin: 7-9 M <100g/L Scientific Advisory Committee on Nutrition (SACN). Iron and Health

 

2
 Haemoglobin: 1-5years <110g/L World Health Organization (WHO). Iron Deficiency Anaemia. Assessment, Prevention and Control. A guide for 

programme managers. 2001. Geneva: WHO, 2001. 

3
Haemoglobin: 8 M <97g/l (Emond et al. 1996) 
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3.3.5.2 Dietary iron intakes at 8 months 

At 8 months, the mean dietary intake of iron was 3.25mg/day, with 70% of infants below 

the lowest reference nutrient intake (LRNI) for iron for that age group of 4.2mg/day and 

none of them achieving the recommended nutrient intake (RNI) of 7.8mg/day (Committee 

on Medical Aspects of Food Policy (COMA) 1991). Most of the iron derived from non-

haem sources (3.35mg/day of non-haem iron as opposed to 0.09mg/day of haem iron). 

There were no significant differences between any of the groups of infants in total, haem 

and non-haem iron intakes (Table 3-17). 
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Table 3-17 Dietary iron intakes at 8 months across the whole sample and stratified by age of solids introduction and mode of complementary feeding 

   Age of Solids Introduction  Mode of Complementary Feeding 

Dietary iron intakes (mg/day) All (n=20)  <6 months (n=7) ≥6 months (n=13) P  BLW (n=7) Spoon-fed (n=13) P 

          

Total Iron          

Mean 3.25  3.66 3.02 0.317  2.99 3.38 0.545 

Median 3.03  3.07 3.00   3.07 3.00  

SD 1.31  1.42 1.24   0.98 1.48  

Upper 95% CI 3.86  4.97 3.78   3.90 4.27  

Lower 95% CI 2.63  2.35 2.27   2.09 2.49  

          

n (%) below LRNI
 

14 (70)  5 (71.4) 9 (69.2) 1
 

 6 (85.7) 8 (61.5) 0.354
 

n (%) below EAR
 

20 (100)  7 (100) 13 (100)   7 (100) 13 (100)  

n (%) below RNI 20 (100)  7 (100) 13 (100)   7 (100) 13 (100)  

          

Haem iron           

Mean 0.05  0.09 0.03 0.351
 

 0.05 0.06 0.438 
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   Age of Solids Introduction  Mode of Complementary Feeding 

Dietary iron intakes (mg/day) All (n=20)  <6 months (n=7) ≥6 months (n=13) P  BLW (n=7) Spoon-fed (n=13) P 

Median 0.03  0.08 0.02   0.04 0.02  

SD 0.07  0.09 0.03   0.04 0.08  

Upper 95% CI 0.08  0.18 0.05   0.08 0.1  

Lower 95% CI 0.02  0.007 0.01   00.1 0.009  

          

Non-haem iron           

Mean 3.19  3.56 2.99 0.366  2.95 3.32 0.553 

Median 2.92  2.83 3.02   3.05 2.83  

SD 1.30  1.44 1.24   0.98 1.48  

Upper 95% CI 3.81  4.58 3.74   3.86 4.22  

Lower 95% CI 2.60  2.13 2.24   20.4 2.43  

COMA dietary reference values cut-off points for iron (RNI: reference nutrient intake of 7.8mg/day, EAR: estimated average requirement of 6mg/day, 

LRNI: Lower reference nutrient of 4.2mg/day) 
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3.3.5.3 Contribution of food groups to iron intakes at 8 months 

Formula milk was a major contributor to iron intake, accounting for 43.7% of dietary iron 

among the infants who consumed it (n=8), and 17.5% across the whole sample. The same 

was true for commercial infant foods which provided 22.2% of iron among consumers and 

7.8% overall. Breast milk provided, on average, 0.17 mg of iron per day or 5.3% of the 

iron intake across the sample. The contribution of formula and breast milk to individual 

iron intakes versus all the other food sources in the infant’s diet is presented in Figure 3-3. 

Contributions of non-infant-specific food groups to iron intakes include: cereal and cereal 

dishes 21.3% across the sample and in particular breakfast cereals - 24.1% among 11 

consumers and 13.3% overall; eggs and egg dishes (21.5% among 10 consumers, 10.8% 

overall) and pulses/lentils (19.7% among 5 consumers, 4.9% overall). Meat (including red, 

white and processed meat, sausages, burgers and offal) contributed 9.8% of iron intakes 

among 12 consumers (5.8% overall). Haem iron was provided by meat, fish and 

commercial infant foods.  Aggregated food groups and their individual contribution to iron 

intakes are shown in detail in Table 3-18.  
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Figure 3-3 Individual (n=20) mean iron intake (mean of 3 days) from formula milk, breast 

milk and all other sources and the COMA dietary reference values cut-off points for iron  
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Table 3-18 Contribution of food groups (food sources) to daily iron intake (mg), at 8 

months 

 Contribution to daily iron intakes 

Food group
a
 

% Fe 
Total Fe 

(mg) 

Haem Fe 

(mg) 

Non-haem Fe 

(mg) 

       

Non-infant specific foods:     

     

Cereals and cereal dishes 21.3 0.69 0 0.69 

Consumers (n=20)     

     

Milk and milk products       

Consumers (n=18) 3.1 0.1 0 0.1 

All (n=20) 2.8 0.09 0 0.09 

     

Meat and meat products     

Consumers (n=12) 9.8 0.32 0.12 0.2 

All (n=20) 5.8 0.19 0.07 0.12 

     

Fish and fish dishes       

Consumers (n=6) 5.2 0.17 0.06 0.11 

All (n=20) 1.5 0.05 0.02 0.03 

      

Eggs and egg dishes     

Consumers (n=10) 21.5 0.7 0 0.7 

All (n=20) 10.8 0.35 0 0.35 

      

Vegetables and potatoes     

Consumers (n=19) 14.5 0.47 0 0.47 

All (n=20) 13.8 0.45 0 0.45 
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 Contribution to daily iron intakes 

Food group
a
 

% Fe 
Total Fe 

(mg) 

Haem Fe 

(mg) 

Non-haem Fe 

(mg) 

      

Lentils and pulses     

Consumers (n=5) 19.7 0.64 0 0.64 

All (n=20) 4.9 0.16 0 0.46 

      

Infant formula     

Consumers (n=8) 43.7 1.42 0 1.42 

All (n=20) 17.5 0.57 0 0.57 

Of which:     

'First milk'     

Consumers (n=1) 39.4 1.28 0 1.28 

All (n=20) 1.8 0.06 0 0.06 

Follow-on milk     

Consumers (n=7) 44.3 1.44 0 1.44 

All (n=20) 15.4 0.5 0 0.5 

     

Breast milk
b
     

Consumers (n=20) 5.2 0.17 0 0.17 

     

Commercial infant foods:     

Consumers (n=7) 22.2 0.72 0.04 0.68 

All (n=20) 7.8 0.25 0.01 0.24 

of which:     

Meat and fish based  

products and dishes  

 

  

Consumers (n=3) 19.7 0.64 0.08 0.57 

All (n=20) 3.1 0.1 0.01 0.09 
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 Contribution to daily iron intakes 

Food group
a
 

% Fe 
Total Fe 

(mg) 

Haem Fe 

(mg) 

Non-haem Fe 

(mg) 

Vegetable based foods  

and dishes  

 

  

Consumers (n=3) 30.2 0.98 0.03 0.96 

All (n=20) 3.1 0.1 0 0.1 

Deserts     

Consumers (n=4) 7.1 0.23 0 0.23 

All (n=20) 1.5 0.05 0 0.05 

Cereal based foods and 

dishes  

 

 

 

Consumers (n=1) 42.8 1.39 0 1.39 

All (n=20) 2.2 0.07 0 0.07 

a
 Some food groups are not included due to small numbers of consumers; e.g. nuts and 

seeds and savoury snacks 

b
 Typical volumes of breast milk for full feeds were estimated from MRC data (Paul et al. 

1988) to be approximately 100g for those aged 8 months.  It was assumed that a feed of 10 

minutes or longer was equivalent to a full feed. For feeds of less than 10 minutes duration 

weights were calculated proportionately at at 10g/min for 8 months. 

 

3.3.5.4 Nutrients relevant to iron status at 8 months 

Table 3-19 describes the correlations between nutrient intakes and haemoglobin at 8 

months. None of the nutrients were associated with haemoglobin levels at this time point. 
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Table 3-19 Pearson correlations between selected iron enhancers and inhibitors and 

haemoglobin levels at 8 months and partial correlations adjusted for energy  

  Haemoglobin (n=14) 

 Unadjusted  Energy Adjusted 

Nutrients Correlation coefficient P  Correlation coefficient P 

      

Energy 0.231 0.427  n/a n/a 

Iron -0.074 0.801  -0.384 0.195 

Haem iron*
 

0.056 0.863  -0.004 0.990 

Vitamin C* 0.302 0.294  0.201 0.509 

Calcium 0.103 0.725  -0.162 0.597 

NSP 0.000 0.999  -0.408 0.166 

For haem iron n=12 due to zero intakes on 2 occasions 

*variables appropriately transformed to normalise distributions
 

 

 

3.3.5.5 Iron status at 18 months 

Haemoglobin (Hb) levels were found to be normally distributed at 18 months and are 

shown in Table 3.20.. One infant (female) had Hb levels below the WHO cut-off point 

(105g/l). She had been introduced to solids before 6 months and did not follow a baby-led 

weaning approach. Using the ALSPAC cut-off point, no infants were classed as having a 

low haemoglobin level.  No significant association was found between the age of first 

solids introduction and haemoglobin at the 18 month time point (p=0.795). There were no 

differences between any of the groups and haemoglobin levels or proportion of infants 

below any of the cut-off points at 18 months. 
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Table 3-20 Haemoglobin levels at 18 months across the whole sample and stratified by age of solids introduction and mode of complementary feeding 

   Age of Solids Introduction  Mode of Complementary Feeding 

Haemoglobin (g/l) All (n=13)  <6 months (n=4) ≥6 months (n=9) P  BLW (n=5) Spoon-fed (n=8) P 

          

Mean 120.8  121.5 120.6 0.861  118 122.6 0.356
 

Median 121  123.5 121   119 125.5  

SD 0.84  12.6 6.8   4.4 10  

Upper 95% CI 125.9  101.4 115.4   112.6 114.2  

Lower 95% CI 115.8  141.6 125.8   123.4 131  

          

n (%) < ALSPAC cut-off
1
 0  0 0   0 0 

 

n (%) <WHO cut-off
2
 1 (7.7)  1 (25) 0 0.316  0 1(12.5) 1

 

 
         

1 
Haemoglobin: 12-18mo <100g/L ( Sherriff et al., 1999)

 

2
 Haemoglobin: 1-5years <110g/L  World Health Organization (WHO). Iron Deficiency Anaemia. Assessment, Prevention and Control. A guide for 

programme managers. 2001. Geneva: WHO, 2001. 
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3.3.5.6 Dietary iron intakes at 18 months 

Mean iron intakes at 18 months were 6.7mg/day which were close to the 6.9mg/day 

reference nutrient intake set by COMA (Committee on Medical Aspects of Food Policy 

(COMA) 1991) although over half of the sample was below the RNI. No infants were 

below the LRNI reference (3.7 mg/day) and a fifth of the sample had iron intakes below 

the EAR reference (5.3mg/day). Non-haem sources provided the majority of iron intake at 

this time point. There were no significant differences between any of the groups of infants 

in total, haem and non-haem iron intakes (Table 3-21).  
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Table 3-21 Dietary iron intakes at 18 months across the whole sample and stratified by age of solids introduction and mode of complementary feeding 

   Age of Solids Introduction  Mode of Complementary Feeding 

Dietary iron intakes (mg/day)  All (n=19)  <6 months (n=6) ≥6 months (n=13) P  BLW (n=7) Spoon-fed (n=12) P 

          

Total Iron          

Mean 6.61  6.21 6.79 0.476  6.51 6.67 0.840 

Median 6.28  6.21 6.93   6.93 6.21  

SD 1.61  1.48 1.69   1.13 1.88  

Upper 95% CI 7.38  7.76 7.81   7.56 7.86  

Lower 95% CI 5.83  4.65 5.77   5.46 5.47  

     
 

    

n (%) below LRNI
 

0  0 0 
 

 0 0
  

n (%) below EAR
 

4 (21.1)  2 (50) 2 (50) 0.557
 

 0 4 (100)
 

0.245 

n (%) below RNI
 

11 (57.9)  4 (66.7) 7 (53.8) 1
 

 4 (57.1) 7 (58.3)
 

1 

          

Haem iron      
 

  
 

 

Mean 0.11  0.12 0.10 0.579
 

 0.15 0.08 0.340 

Median 0.09  0.11 0.09   0.10 0.08  

SD 0.12  0.09 0.13   0.15 0.09  
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   Age of Solids Introduction  Mode of Complementary Feeding 

Dietary iron intakes (mg/day)  All (n=19)  <6 months (n=6) ≥6 months (n=13) P  BLW (n=7) Spoon-fed (n=12) P 

Upper 95% CI 0.17  0.21 0.18   0.30 0.14  

Lower 95% CI 0.05  0.03 0.02   0.01 0.03  

          

Non-haem iron           

Mean 6.50  6.08 6.69 0.478  6.35 6.58 0.782 

Median 6.27  6.08 6.90   6.90 6.08  

SD 1.67  1.48 1.78   1.25 1.92  

Upper 95% CI 7.30  7.63 7.76   7.51 7.81  

Lower 95% CI 5.69  4.53 5.62   5.20 5.36  

COMA dietary reference values cut-off points for iron (RNI: reference nutrient intake of 6.9mg/day, EAR: estimated average requirement of 5.3mg/day, 

LRNI: Lower reference nutrient of 3.7mg/day) 
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3.3.5.7 Contribution of food groups to iron intakes at 18 months 

Only one infant was consuming formula milk at 18 months and 3 infants were having 

commercial infant foods, therefore the majority of dietary iron at this time point derived 

from family foods. Cereal and cereal dishes were the major contributors to iron intake, 

accounting for 38.4% of dietary iron across the whole sample. Fruit, vegetables and lentils 

were the other main contributors with meat contributing 5.8% of iron across the whole 

sample (8.5% among 9 consumers). 

Aggregated food groups and their individual contribution to iron intakes are shown in 

detail in Table 3-22.  

 

 

Table 3-22 Contribution of food groups (food sources) to daily iron intake (mg), at 18 

months 

 Contribution to daily iron intakes 

Food group
a
 

% Fe 
Total Fe 

(mg) 

Haem Fe 

(mg) 

Non-haem Fe 

(mg) 

      

Non-infant specific foods     

     

Cereals / cereal dishes     

Consumers (n=19) 38.4 2.57 0 2.57 

     

Fruit     

Consumers (n=19) 13.3 0.89 0 0.89 

     

Milk / milk products       

Consumers (n=19) 5.4 0.36 0 0.36 

     

Meat / meat products     

Consumers (n=9) 8.5 0.57 0.17 0.41 
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 Contribution to daily iron intakes 

Food group
a
 

% Fe 
Total Fe 

(mg) 

Haem Fe 

(mg) 

Non-haem Fe 

(mg) 

All (n=19) 5.8 0.39 0.12 0.28 

     

Fish and fish dishes       

Consumers (n=11) 4.6 0.31 0.05 0.26 

All (n=19) 2.7 0.18 0.03 0.15 

      

Eggs and egg dishes     

Consumers (n=11) 14.6 0.98 0 0.98 

All (n=19) 8.5 0.57 0 0.57 

      

Vegetables and potatoes     

Consumers (n=18) 14 0.94 0 0.94 

All (n=19) 13.3 0.89 0 0.89 

      

Lentils and pulses     

Consumers (n=11) 15.2 1.02 0 1.02 

All (n=19) 8.8 0.59 0 0.59 

      

Savoury snacks     

Consumers (n=15) 4.2 0.28 0 0.28 

All (n=19) 3.3 0.22 0 0.22 

     

Peanuts / peanut butter     

Consumers (n=9) 7.8 0.52 0 0.52 

All (n=19) 3.7 0.25 0 0.25 

      

Breast milk
b
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 Contribution to daily iron intakes 

Food group
a
 

% Fe 
Total Fe 

(mg) 

Haem Fe 

(mg) 

Non-haem Fe 

(mg) 

Consumers (n=9) 4.3 0.29 0 0.29 

All (n=19) 2.1 0.14 0 0.14 

a
 Some food groups are not included due to small numbers of consumers; e.g. commercial 

infant foods, formula 

b
 Typical volumes of breast milk for full feeds were estimated from MRC data (Paul et al. 

1988) to be approximately 100g for those aged 8 months.  It was assumed that a feed of 10 

minutes or longer was equivalent to a full feed. For feeds of less than 10 minutes duration 

weights were calculated proportionately at at 10g/min for 8 months. 

 

3.3.5.8 Nutrients relevant to iron status at 18 months 

 

Table 3-23 describes the correlations between nutrient intakes and haemoglobin at 18 

months. None of the nutrients were associated with haemoglobin at this time point.  

 

Table 3-23 Pearson Correlations between selected iron enhancers and inhibitors and 

haemoglobin levels at 18 months and partial correlations adjusted for energy 

  Haemoglobin (n=13) 

 Unadjusted  Energy Adjusted 

Nutrients Correlation coefficient P  Correlation coefficient P 

      

Energy 0.440 0.133  n/a n/a 

Iron 0.332 0.268  0.331 0.294 

Haem iron* 0.025 0.935  -0.300 0.344 

Vitamin C* 0.404 0.171  0.222 0.488 

Calcium 0.101 0.742  -0.120 0.711 

NSP 0.499 0.082  0.402 0.195 

*variables appropriately transformed to normalise distributions 
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3.3.6 Eating behaviours 

 

3.3.6.1 Feeding practices by 8 months 

An overview of the timings of introduction of solids with different textures is given in 

Table 3-24.  

One infant (5%) was introduced to purees at 4 months, one at 4.5 months, 2 infants (10%) 

at 5 months and 3 (15%) at 5.5 months. Six mothers (30%) reported that they did not offer 

pureed foods to their infants at all, as they were following baby-led weaning. None of the 

infants in the baby-led weaning group were introduced to solids before 6 months.  The rest 

of the sample (7 infants, 35%) was introduced to pureed food at or after 6 months. 

Introduction of puree food was significantly earlier in infants introduced to solids before 

six months (p=0.01). 

Only one infant from the early complementary feeding group was introduced to foods with 

a lumpy texture before six months. From the late complementary feeding group, one infant 

(7.7%) had not been introduced to lumpy solids by 8 months, whereas 2 mothers (28.6%) 

reported that due to following a baby-led weaning approach they did not introduce lumps 

at all. In both groups, all other infants were introduced to lumpy solids between 6-7 

months. There were no significant differences with regards to introducing lumpy foods 

between early and late complementary feeding groups (p=0.692) nor BLW and spoon-fed 

groups (p=0.195).  

By 8 months, all infants had been introduced to finger goods (range 6-8 months). Those 

who were introduced to solids before 6 months were offered finger foods later than the 

ones introduced to solids after 6 months; however the difference was not statistically 

significant (p=0.311). On the contrary, infants following baby-led weaning were 

introduced to finger foods significantly earlier than those who were spoon-fed (p=0.046). 

The main reason given for introducing solids (either pureed, lumpy, or finger foods) was 

that the mother felt that the infant was ready for solids food (30%); reported signs of this 

included grabbing food (5%), teething (5%), smacking lips when other people were eating 

(5%), showing interest in food (5%), waking up at night (5%). Other reasons included 

being no longer satisfied with breast milk (15%) or advice from friends (5%). Three 

participants (15%) reported that they got advice from health professionals to introduce 

solids slightly earlier in order for the infant to have established a full eating routine by 6 

months.  
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Table 3-24 Timing of introduction of different textures of solids foods across the whole sample and stratified by age of solids introduction and mode of 

complementary feeding 

   Age of Solids Introduction  Mode of Complementary Feeding 

Food textures All (n=20)  <6 months (n=7) ≥6 months (n=13) P  BLW (n=7) Spoon-fed (n=13) P 

          

Pureed solids  5.8 (5,6)   5 (4.5, 5.5) 6 (constant) 0.01  - - - 

Lumpy solids  6 (6,7)   6 (6,7) 6 (6,7) 0.692  6.5 (6,7) 6 (Constant) 0.195 

Finger foods 6.5 (6,7)  7 (6.5, 7) 6 (6,7) 0.311  7 (6.25, 7) 6 (6,6.5) 0.046 

All variables: Median (IQR) 

For Pureed solids n=14 due to BLW not introducing this texture (<6 months: n=7, ≥6 months: n=7) 

For Lumpy solids n=17 due to some infants in the BLW group not introducing this texture (<6 months: n=7, ≥6 months: n=10, BLW: n=5, spoon-fed: n=12) 
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3.3.6.2 Eating behaviours at 8 months  

Around the age of 8 months, mothers were asked about their infants’ eating habits and 

behaviour since the introduction of the first solid foods. When asked if their infants had 

definite foods preferences, 80% of participants (16 mothers) responded that their infant 

would eat almost anything whereas 4 mothers (20%) considered their infants to be quite 

choosy. There were no significant differences in food preferences between early versus late 

introduction of solids (p=0.439) or baby-led weaning versus spoon-feeding (p= 0.148). 

Four mothers (20%) reported having difficulty feeding solids to their infants, 8 (40%) 

reported occasional difficulty whereas 8 (40%) did not report any difficulty.  

Mothers were also asked to comment on common feeding problems since introducing 

solids to their infants and how worried they were, when those occurred. The results are 

shown in Figure 3-4. Additional feeding problems reported were teething problems/illness 

that affected appetite, having a sensitive stomach, not tolerating some foods and mealtimes 

taking a long time to finish. There were also reports of conflicting weaning advice from 

health visitors that were confusing and created additional stress. There were no significant 

differences in the proportions of infants with reported feeding difficulties between the early 

and late complementary groups or between the baby-led weaning and spoon-feeding 

groups (Table 3.25).   

 

Figure 3-4 Reported feeding problems at 8 months 
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Table 3-25 Reported feeding difficulties at 8 months, across the whole sample and stratified by age of solids introduction and mode of complementary 

feeding 

   Age of Solids Introduction  Mode of Complementary Feeding 

Eating behaviours All (n=20)  <6 months (n=7) ≥6 months (n=13) P  BLW (n=7) Spoon-fed (n=13) P 

          

Any feeding difficulty 12 (60)  4 (57.1) 8 (61.5) 1  4 (57.1) 8 (61.5) 1 

Insufficient amount of food 14 (70)  3 (42.9) 11 (84.6) 0.122  5 (71.4) 9 (69.2) 1 

Refused to eat the right food 8 (40)  1 (14.3) 7 (53.8) 0.158  2 (28.6) 6 (46.2) 0.642 

Been choosy with food 12 (60)  5 (71.4) 7 (53.8) 0.642  2 (28.6) 10 (76.9) 0.062 

Overeaten  4 (21.1)  2 (28.6) 2 (16.7) 0.603  1 (16.7) 3 (23.1) 1 

No feeding routine  4 (20)  0 4 (30.8) 0.249  1 (14.3) 3 (23.1) 1 

For all variables: n (%) 
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3.3.6.3 Foods avoidance at 8 months 

 

Thirteen participants (65%) reported that they actively avoided giving their infants certain 

foods. At 8 months, 30% (6) of mothers avoided feeding poultry, fish and beef, 35% (7) 

mothers avoided feeding any other type of red meat and 40% (8) avoided feeding nuts to 

their infants. (Figure 3-5). Other foods that some mothers avoided giving their infants 

included seafood, honey (5%) and tomatoes (5%). Three mothers (15%) had not yet 

introduced some foods to their infants including nuts, eggs and beef and other red meat. 

There were no differences in avoidance of any of the above foods between the early and 

late complementary feeding groups (data not shown). When comparing those who 

followed baby-led weaning with those who were spoon-fed,  there were no significant 

differences in avoidance all foods apart from nuts  where significantly more mothers from 

the BLW group were avoiding feeding them to their infants ( p=0.015). None of the infants 

were on a special diet although one (5%) was reported not be able to eat dairy. When asked 

if mothers felt that their infant ate differently at 8 months of age compared to other 

children, 11 (55%) responded yes. Ten mothers explained the reasons why they thought 

that was. Of them seven (35%) listed baby-led weaning as the main difference, one 

mentioned that her infant could not cope with baby-led weaning as opposed to most of her 

peers. One mother used mostly commercial foods because of work commitments and one 

mother had excluded meat from the infant’s diet. When stratified by age of solids 

introduction, 10 mothers (76.9%) who introduced solids to their infants at 6 months and  1 

mother (14.3%) from who introduced solids to their infant  before 6 months  felt that their 

infants ate differently than their peers and that difference was significant (p=0.017). More 

mothers in the BLW group (6 mothers, 87.5%) felt their infant ate differently than others 

as opposed to 5 mothers (38.5%) in the spoon-fed group. Differences in maternal 

perception of different eating patterns, stratified by mode of complementary feeding were 

close to, but did not reach statistical significance (p=0.07).  
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3.3.6.4 Feeding practices by 18 months 

 

Nine mothers (47.4%) were still breastfeeding their infants at 18 months. Of the rest of the 

sample, 2 (10.5%) stopped breastfeeding at 9 months, 1 (5.3%) at 10.5 months, 2 at 11 and 

12 months respectively (10.5%) and 1 at 14, 15 and 16 months respectively (5.3% in each 

category). The mean age of infants when they stopped breastfeeding was 11.95 months 

(SD: 2.4). There were no statistically significant differences in the duration of 

breastfeeding between those introduced to solids before (10.9 months, SD: 1.4, n=4) or 

after 6 months (12.7 months SD: 2.7, n=6), (p= 0.268). The same was true between those 

who followed baby-led weaning (12 months, SD: 4.2, n=2) and those who were spoon-fed 

(11.9 months, SD: 2.2, n=8) (p=0.976).  

 

3.3.6.5 Eating behaviours at 18 months 

In terms of food preferences the majority of mothers (n=14, 73.7%) reported that their 

infant would eat almost anything. Five mothers (26.3%) reported that their infants were 

quite choosy. Twelve mothers (63.2%) said that their infant did not have any particular 

difficulties with feeding. 5 mothers (26.3%) reported occasional difficulty with feeding, 

whereas 2 mothers (10.5%) said their infant had some feeding difficulties. There were no 

differences between the early versus late complementary feeding groups in food 

preferences and feeding difficulties (p=1 for both). The same was true for the baby-led 

versus spoon-fed groups (p=0.603 for food preferences, p=0.804 for feeding difficulties).  

Figure 3-5 Food avoidance at 8 months 
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Mothers were also asked to comment on common feeding problems that their infants were 

having at 18 months and how worried they were when those occurred. The results are 

shown in Figure 3-6. In summary, one mother (5.3%) worried greatly and two (10.6%) 

worried a bit about their infant not eating sufficient food, whereas 3 mothers (15.8%) 

worried a bit about their infants not eating the right food. Most mothers were not worried 

about any of the feeding problems (insufficient eating, not eating the right food, 

overeating, establishing an eating routine) at 18 months. There were no significant 

differences in the proportions of infants with reported feeding difficulties between the early 

and late complementary groups or between the baby-led weaning and spoon-feeding 

groups (Table 3-26).   

 

Figure 3-6 Feeding problems at 18 months 
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Table 3-26 Reported feeding difficulties at 18 months, across the whole sample and stratified by age of solids introduction and mode of complementary 

feeding 

   Age of Solids Introduction  Mode of Complementary Feeding 

Eating Behaviours All (n=19)  <6 months (n=6) ≥6 months (n=13) P
  BLW (n=7) Spoon-fed (n=12) P 

          

Any feeding difficulty 7 (36.8)  2 (33.3) 5 (38.5) 1  2 (28.6) 5 (41.7) 0.656 

Insufficient amount of food  11 (64.7)  3 (60) 8 (66.7) 1  4 (66.7) 7 (63.6) 1 

Refused to eat the right food 12 (66.7)  3 (50) 9 (75) 0.344  3 (50) 9 (75) 0.344 

Been choosy with food 17 (89.5)  6 (100) 11 (84.6) 1  5 (71.4) 12 (100) 0.123 

Overeaten  5 (26.3)  1 (16.7) 4 (30.8) 0.480  2 (28.6) 3 (25) 1 

No feeding routine  6 (33.3)  1 (16.7) 5 (41.7) 0.600  3 (50) 3 (25) 0.344 

For all variables: n (%) 

For Insufficient amount of food n=17 due to missing data (<6 months: n=5, ≥6 months: n=12) , BLW: n=6, spoon-fed: n=11) 

For Refused to eat the right food n=18 due to missing data (<6 months: n=6, ≥6 months: n=12) , BLW: n=6, spoon-fed: n=12) 
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3.3.6.6 Foods avoidance at 18 months 

At 18 months, 1 mother avoided feeding poultry, eggs, cheese and milk (5.3%) to her 

infant, none of the mothers avoided feeding fish, wheat/gluten or butter, 3  avoided feeding 

beef and other red meat (15.8%), 2 avoided nuts (10.6%) and 4 avoided feeding sugar 

(21.1%) to their infants (Figure 3-7). There were no statistically significant differences in 

any of the foods avoided when the infants were stratified by age of solids introduction and 

by mode of complementary feeding (data not shown).  

When asked if they thought their infants ate differently at 18 months from other infants of 

the same age, 7 mothers (36.8%) reported differences. However, the majority of the 

comments referred to their infants eating a wider variety of foods, more “adult” foods (not 

purees) and being less fussy than their peers. There were no statistically significant 

differences between infants who were introduced to solids before or after 6 months and 

mother’s reports of eating differently than their peers (p=1) nor between infants who 

followed baby-led weaning compared to those who were spoon-fed (p=0.332). 

 

Figure 3-7 Food avoidance at 18 months 
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3.4 Discussion  

The sample consisted of a small group of mostly working, non-smoking, well-educated 

mothers of a higher socioeconomic status, which is consistent with the characteristics of 

mothers who are likely to breastfeed for longer and introduce solids to their infants later as 

described in the infant feeding survey (McAndrew et al. 2012a). There were no statistically 

significant differences in the socio-demographic characteristics between infants introduced 

to solids before or after 6 months and between infants following baby weaning or those 

being spoon-fed.  The only statistically significant difference between both groups was the 

age at which they were introduced to solids.  

 

3.4.1 Main Findings  

 

3.4.1.1 Growth 

Growth of the sample as a whole was comparable to the WHO standards, demonstrating 

that, irrespective of age of solids introduction, weight, length and BMI-for-age at 8 and 18 

months was similar to the standard in this group of breast-fed infants. A study in an 

exclusively breast-fed (for 6 months) population of 206 infants in Greece who were 

introduced to solids after six months and were followed up from birth to 36 months yielded 

similar results (Patsourou et al. 2012).  

Mean birth weight in our study population was similar to a nationally representative 

sample:  in the Millennium Cohort Study (n=16,157) unadjusted birth weight was 3.42 

(95% CI: 3.40-3.43) kg (Kelly et al. 2009). A study by Fields (Fields et al. 2011) who 

followed up exclusively breast-fed infants and measured their body composition from birth 

to 6 months found a similar mean birth weight (3.46 +/- 0.39kg, n=160) , however there 

was high loss to follow up by 6 months mainly due to loss of exclusivity of breastfeeding 

(weight 7.13 +/- 0.73kg for girls n=35 and 7.40 +/- 0.97kg for boys n=30) resulting to 

similar sample size as our study. In a group of infants exclusively breast-fed for 6 months 

in Belarus (Kramer et al. 2003), infants were just over half a standard deviation heavier 

(weight-for-age z-score 0.53 versus -0.08) at 6 months and just under half a standard 

deviation heavier at the 8-9 months’ time point (weight-for-age z-score 0.48 versus 0.08) 

than in our sample.  In terms of length-for-age the Belarusian infants were slightly shorter 

than our sample at 8-9 months (z-score length-for-age -0.06 versus 0.12). However these 

values were adjusted for maternal education, number of siblings, anthropometrics at birth 
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and 3 months and other parameters, whereas our sample was too small to allow such 

adjustments to be made. There could also be genetic differences between the two 

populations as well as cultural variations in terms of feeding practices. Also, birth weight 

alone is not a sensitive indicator of nutritional exposure in utero as it is influenced by 

additional parameters such as maternal phenotype, parity and habits (such as smoking) and 

other environmental factors (Scientific Advisory Committee on Nutrition 2011b). 

Although we had information on maternal smoking we were not able to adjust for it due to 

the small sample size.  

At 8 months, those introduced to solids earlier were still lighter than the late 

complementary feeding group with a significant difference in BMI-for-age z-score, 

perhaps indicating a slower progression in the feeding process than those in the later 

complementary feeding group. It is also worth noting though that the early group was a 

centimetre longer which may have contributed to the lower BMI and weight-for-length z-

score values. This is in line with data from the Euro-growth study (Haschke & van’t Hof 

2000),which found that fully breast-fed infants who were introduced to solids earlier 

(before 4-5 months) were taller and lighter, with lower BMI-for-age z-scores at 12 months 

compared to infants who were introduced to solids later.  

By 18 months, infants introduced to solids before 6 months were still lighter than the later 

complementary feeding group, however the difference between the 2 groups remained non-

significant as well as all other growth indices at 18 months. This finding is in contrast with 

other findings from the literature; Baker and colleagues followed predominantly breast-fed 

infants and found that infants who started solids early had a significantly higher weight 

gain rate in the first year than those who started solids later (224.2g additional weight, p< 

0.0001). A possible explanation could be that both groups started solids later than the cut-

offs used in other studies, and therefore the difference in timing of solids introduction 

although significant, was not large enough in practical terms between the 2 groups.   

Similarly to the age of solids introduction groups the birth weights were almost identical 

for both groups (those who followed baby-led weaning versus those who were spoon-fed). 

At 8 months, BLW infants were significantly heavier than the spoon-fed group, although in 

the latter, infants were about 1cm longer.  This could provide a possible explanation for the 

significant differences in weight-for-length and BMI-for-age z-scores. Unfortunately we 

did not have length measurements at 6 months to see if that was the case at that time point. 

At 18 months BLW infants were still significantly heavier than the spoon-fed group. In 

contrast,  lower BMI in  BLW infants in later infancy was observed in a study by 

Townsend and Pitchford (Townsend & Pitchford 2012) the only study to our knowledge 
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which examined the impact of BLW on food preferences and health related outcomes 

including BMI.  Parents of 155 children (20-78 months) completed a food preference 

questionnaire. As mentioned previously, the baby-led weaning group self-reported height 

and weight, whereas the spoon-fed group was measured in a study laboratory. BLW was 

self-reported, but was verified by interrogating responses to items related to weaning 

methods. The BLW group had lower BMI; mean percentile BMI rank was close to 

expected average (50th), whereas the spoon-fed group had a higher BMI centile rank and 

was more likely to be classed as overweight.  BMI z-scores were significantly different 

between the two groups. There were more toddlers classed as obese (z more than 2) in 

spoon-fed group (n=8) as opposed to the BLW group (n=1). However, significantly more 

toddlers were classed as underweight (z-scores at or above -2) in the BLW category 

(Fisher's exact p= 0.02). Toddlers in the BLW group had a lower BMI that was not 

accounted by differences in birth weight, parental BMI and socioeconomic status. The 

authors acknowledged the high proportion of missing BMI data in the BLW group (32%). 

There could also be potential recall bias as the information on age of solids introduction 

was collected over a year retrospectively and selection bias as the sample was self-selected 

and the two groups were recruited from different sources. The level of accuracy of BMI 

data in the BLW group is also questionable as anthropometric measurements were self-

reported.  

 

3.4.1.2 Diet 

At 8 months, the foods consumed the most by all infants were breast milk and fruit, 

followed by vegetables, dairy products and cereals. Although in most studies baby cereal 

seems to be the most popular first food choice, the latest infant feeding survey found that 

mothers who introduced solids at 5-6 months were most likely to first offer fruit and 

vegetables to their infants compared to mothers who introduced solids earlier (McAndrew 

et al. 2012b). When comparing quantities of foods consumed with the national diet and 

nutrition survey for infants and young children there are similarities in intakes of  

vegetables (average intake in consumers 76g at 7-9 months versus 70.4g at 8 months in this 

study), fruit (mean 54g versus 95g) meat (16gr versus 13g) and fish (3 g versus 4.7 g). 

There were higher intakes of lentils and pulses in our group compared to infants from the 

infant diet and nutrition survey (mean intakes of 9.3gr versus 3 gr at 7-9 months)(Lennox 

et al. 2013). However there were methodological differences between the two studies in 

terms of dietary data collection which make the data not directly comparable. When 

compared with infants of the same age from the ALSPAC cohort, where the same 
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methodology in dietary data collection was used, differences were also found in food 

consumption. Intake of cow’s milk in the breast-fed babies’ study was much lower than 

that of the ALSPAC cohort at 8 months (52gr among consumers versus 207 grams) with 

marked differences in whole milk consumption (36gr among consumers versus 226g). This 

could reflect the differences in infant feeding practices between the 90s and the present, 

although the official infant feeding recommendations did not recommend whole cow’s 

milk as a main drink before the age of one year (Department of Health 1994).   Differences 

in food intake are also likely to reflect socioeconomic differences between the two 

samples.  

Infants in this study had lower mean energy, protein and carbohydrate intakes than the 

breast-fed subsample of the ALSPAC cohort (n=260) (Noble et al. 2001).  Even though fat 

intakes were higher in this study (36g versus 31.5g), saturated fat intakes were similar for 

both groups which means that the difference in total fat intakes is made up of increased 

mean intakes of monounsaturated fatty acids (13g versus 11.3g), and less so 

polyunsaturated fats (5g versus 4.4g).  Babies who followed baby-led weaning had higher 

intakes of polyunsaturated fatty acids than those who were spoon-fed (p=0.002). However 

this result is hard to interpret as there were no statistically significant differences between 

the consumption of fish and vegetable oils, main sources of PUFAS between the two 

groups of infants. A possible interpretation could be that the high PUFA intake was an 

accumulative effect of foods belonging to different food groups high in PUFAs such as 

hummus, tofu, soya products and nuts and hence the difference could not be detected at the 

food group level. Although dietary intake requirements for PUFAs have yet to be 

determined, they are very beneficial for growth and development including improved 

vision and behavioural and cognitive function (Koletzko et al. 2001; Gil et al. 2003).  

There are no set EARs and RNIs for carbohydrates, fats and fibre. In terms of expressing 

mean energy intakes as %EARs, boys just exceeded the expected EAR for their age groups 

with the distribution close to the EAR. Girls reached energy intakes just below EAR with 

the distribution close to the EAR set for their age and weight. The proportion of boys 

exceeding EARs for energy in this study were similar to those in the infant diet and 

nutrition survey (64% versus 65%), however fewer girls exceeded the EAR for energy in 

our study (33% versus 68%)  (Lennox et al. 2013), The highest energy intake was 18% 

above the EAR and was observed in boys.  Mean protein intakes were 1.5 times the set 

RNI with the distribution well above RNI, signifying that protein requirements were 

exceeded at this time point.  
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Mean vitamin intakes across the whole sample were generally within the recommended 

intakes at 8 months apart from niacin and vitamin D. Mean niacin intakes were only 

marginally lower than the recommended levels, however 60% of the sample had intakes 

below the RNI and 25% below the LRNI. The highest amounts of niacin derive from meat, 

fish and alternatives, followed by cereal and dairy products, potatoes and some vegetables. 

Consumption of foods from animal sources was relatively low at the 8 month time point 

which could explain the lower niacin intakes.  

Intakes of all vitamins were higher in the national diet and nutrition survey for infants, 

however there were methodological differences and solids were introduced earlier than in 

this study (Lennox et al. 2013). When compared to the breast-fed subgroup of the 

ALSPAC cohort, intakes of all vitamins were higher in the latter group (Noble et al. 2001).  

Even though methodologically the two studies were comparable, 79.9% of the breast-fed 

group of the ALSPAC cohort were introduced to solids by 4 months of age (Emmett, 

North, & Noble, 2007), indicating that by 8 months their diet would be more established on 

solids foods than in the present study. Vitamin D intakes across all of the 3 infant 

populations were extremely low. In our sample all infants had intakes below the RNI of 7 

μg/ day. In infants who followed baby-led weaning vitamin D intakes were significantly 

lower than the spoon-fed group. Vitamin D intakes were derived from food sources only 

and did not take into account the content of the vitamin in breast milk as it is uncertain 

(White & Allen 2013) nor the potential exposure to sunlight, which is the main source of 

vitamin D. This is common among this age group and especially in breast-fed infants who 

are one of the at risk groups for deficiency (Braegger et al. 2013). The Department of 

Health recommends vitamin D supplementation and vitamin drops containing vitamin D 

are included in the healthy start programme (Scientific Advisory Committee on Nutrition 

2007b) and a recent study in the US also highlighted the need for supplementation 

especially in breast-fed infants (Perrine et al. 2010). However none of the infants in the 

study were taking supplements. As most infants are protected from exposure to sunlight in 

the first year of life, this could potentially have adverse health implications, not only for 

bone metabolism leading to rickets or other long-term consequences for bone density but 

also infectious diseases, allergy risk, cardiovascular disease and type 1 diabetes, although 

evidence is still scarce (Scientific Advisory Committee on Nutrition 2007b; Braegger et al. 

2013; Elmadfa & Meyer 2012). 

Infants who were introduced to solids after 6 months had significantly lower intakes of 

riboflavin, vitamin B6 and vitamin B12 compared to those introduced to solids before 6 
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months. In the case of riboflavin and B12 all infants who had intakes below the RNI were 

from those who were introduced to solids later. For vitamin B12 this was also true in 

infants with intakes below the LRNI. Riboflavin in baby-led weaned babies was also 

significantly lower than the spoon-fed group. These vitamins from the B complex are 

defined as Group I nutrients, that is to say their concentration in breast milk is dependent 

on maternal vitamin intakes or status (Allen 2012). Low levels of vitamins B6 and B12 

have been reported in high income countries (Elmadfa & Meyer 2012; Allen 2005). It 

could be therefore that lower intakes of these nutrients in the first 6 months of life could 

have meant that once complementary feeding commenced at 6 months, these infants had 

already low levels. Main food sources of these B vitamins are animal products and fortified 

breakfast cereals. Coupled with the fact that complementary foods from animal sources 

were not consumed in large quantities and that the majority of the sample consumed 

organic breakfast cereals (and therefore not fortified with vitamins) could have contributed 

to the low overall intakes at 8 months.  

In terms of minerals there were low intakes of calcium, phosphorus, iron and zinc at 8 

months with all or almost all infants not meeting the recommended intakes. It is worth 

noting however that with the exception of iron which is discussed in a separate section, 

none of the infants had intakes of phosphorus and calcium below the LRNI, Zinc intakes in 

this study were lower than the ones reported in the infant diet survey (Lennox et al. 2013) 

but identical to intakes of breast-fed infants in the ALSPAC study (Noble et al. 2001). 

Dietary restriction of zinc has been linked with impairment in the immune system, weight 

gain and rate of growth (Krebs et al. 1994; Krebs 2000). Complementary feeding practices 

which are mostly plant based increase the risk of deficiency in older breastfeeding infants 

and therefore the early introduction of meat should be encouraged to avoid zinc 

insufficiencies (Krebs et al. 2006). In a study of 101 full-term infants aged 11.1 (±2) 

months, low zinc intakes were not different  in infants introduced to solids before or after 6 

months (p=0.934) which is also confirmed in our study, but they were significantly 

correlated to iron status (Park et al. 2012). The authors cite lack of meat intake as a 

possible cause which could also be the case for our study population or alternatively the 

fact that when the body is depleted of iron, it uses zinc for the production of haemoglobin 

(Park et al. 2012). Infants introduced to solids after 6 months had significantly lower 

intakes of selenium and infants who were following baby-led weaning had significantly 

lower intakes of iodine. These could be a reflection of later introduction of foods rich in 

these minerals such as meats and seafood.  
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Calcium and phosphorus intakes were lower than those reported in both ALSPAC and the 

infant diet survey. The majority of infants still relied on breast milk as a main source of 

milk which could have resulted in these low intakes, as breast milk is lower in calcium and 

phosphorus than formula milk or cows’ milk and other dairy products. The combination of 

insufficient intakes of calcium, phosphorus and vitamin D could have implications in bone 

metabolism.  

Mean intakes of sodium were similar between our study and the infant diet survey. Sodium 

intakes exceeded the RNI in 55% of the cases but according to the more realistic and 

achievable target of 400mg/day (equivalent to 1g salt) as recommended by SACN 

(Scientific Advisory Committee on Nutrition 2003) 30% of the sample (6 infants) had 

increased sodium intakes. This is considerably lower to the 70% of 8 month olds from the 

ALSPAC study who exceeded the SACN recommendations on sodium intakes (Cribb et al. 

2012). Cribb et al reported the consumption of inappropriate foods in the highest quartile 

of sodium intake such as salty flavourings, gravy, baked beans and canned spaghetti. Our 

study is characterised by more homemade foods made from fresh ingredients and therefore 

that could explain the lower intakes as most of the salt in the diet is hidden in processed 

and ready-made meals. However, as with Cribb et al, there may also be a degree of 

underreporting and omitting, especially when reporting ingredients for homemade recipes. 

By 18 months the establishment of a diet based on solely family foods was evident with the 

vast majority of infants consuming foods from all food groups, whilst infant specific foods 

such as formula and ready-made infant foods were very uncommon.  Breastfeeding was 

still common for almost half of the sample. Food consumption at 18 months was therefore 

in line with current infant feeding guidelines for this age group.
1
 

When comparing the food intakes with the infant diet and nutrition survey (Lennox et al. 

2013) there were higher intakes in all food groups across the sample and also among 

consumers in our study. More specifically, the largest differences were observed across the 

sample in fruit (195.3 g versus 96g), pulses and lentils (39.1g versus 7g), fish (21.7g versus 

12 g), eggs and egg dishes (31g versus 8 g) and meat (40.6g versus 29g). An interesting 

finding was that among consumers, breast milk intakes between the two groups were 

similar (290 g versus 287.8g) which could imply a similar subgroup in the infant and diet 

nutrition survey, however only 3% of the national sample were still breastfeeding between 

12-18 months (assuming that by 18 months the proportion would be even smaller) as 

                                                           
1
 http://www.nhs.uk/start4life/Pages/babies-food-variety.aspx 

http://www.nhs.uk/start4life/Pages/babies-food-variety.aspx
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opposed to 47% of infants in our sample.  Beverages apart from water and milk were not 

consumed at 8 months (mean intake was 19g among 8 consumers), however at 18 months 

all infants were consuming beverages. There were 2 types of beverages consumed: 

unsweetened 100% pure fruit juice or 100% fruit smoothies and very small quantities of no 

added sugar squash, highly diluted with water. Quantities of these drinks were relatively 

low (mean intakes of 86g), which is consistent with similar studies such as the one by 

Lande et al who found significantly lower intakes of sweetened beverages and higher 

intakes of water in breast-fed infants compared to non-breast-fed infants (Lande et al. 

2004).  

Compared with infants of the same age from the ALSPAC study (Cowin & Emmett 2001) 

there were differences in all macronutrient intakes apart from protein. Infants in our study 

had higher intakes of energy, total carbohydrate and fibre, total fat and mono and 

polyunsaturated fatty acids. On the other hand intakes of saturated fats were lower than 

that of the ALSPAC cohort. The higher energy intakes could be therefore explained by 

higher intakes in beneficial macronutrients such as fibre, mono and polyunsaturated fatty 

acids which have proven benefits in gut and cognitive function respectively. The same 

pattern was observed for all macronutrients in the infant diet survey; demonstrating the 

differences between a predominantly breast-fed and a formula and/or mixed-fed 

population. Apart from one infant who was introduced to solids after 6 months and was 

spoon-fed, no other infants had energy intakes lower than the estimated average for their 

gender. As  in 8 months, there were more than adequate protein intakes across the sample, 

consistent with the ALSPAC cohort, the infant  diet survey as well as the rolling NDNS for 

children 1.5-3 years (Bates et al. 2012).  

Vitamin intakes were satisfactory with mean intakes above RNI for most, with the 

exception of vitamin D where across the sample mean intakes only reached 31% of the 

RNI. This is higher than the latest rolling NDNS where mean intakes of vitamin D were 

25% of the RNI (Bates et al. 2012) and below the infant diet survey in the breast-fed 

subgroup (37%). There was an improvement compared to vitamin D intakes at 8 months 

and considering the fact that none of the infants received dietary supplements it could 

reflect higher intakes of vitamin D containing foods such as fish, eggs and fortified cereals.   

Babies who followed baby-led weaning had significantly lower Vitamin A intakes 

however, with 3 infants’ intakes below the RNI, but none below the LRNI. Vitamin A has 

been characterised as a “problem nutrient” but this is mainly true for developing countries 
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(Elmadfa & Meyer 2012). Given the fact that overall nutrient status is more than adequate 

for all infants across the group the lower vitamin A intakes could reflect lower intakes of 

foods rich in vitamin A such as dairy products during the diet recording period.  

Apart from iron which is discussed later, all other intakes of minerals were well above the 

recommended intakes. All but one infant exceeded the recommended intake for sodium, 

with mean intakes reaching 3.2g, well above the target of 2 g set by SACN for this age 

group (Scientific Advisory Committee on Nutrition 2003). This result is quite surprising, 

considering that in the infant diet survey mean salt intake for the 12-18 month groups was 

2.3g (Lennox et al. 2013); this could however be reflecting the difference in age groups as 

food intakes between 12 and 18 month olds would be somewhat different. Also 

methodological differences between the two studies could also account for the deviation in 

intakes. The difference in number of days reported (3 days versus 4), although it would not 

have an effect on mean nutrient intakes it would affect % consumers. When compared with 

same age infants from the ALSPAC study where intakes were 3.5g for girls and 3.7g for 

boys (Cowin & Emmett 2001), this group had slightly lower salt intakes. Upon further 

examination, even though most foods were cooked from fresh and based on raw 

ingredients and none of the mothers added table salt, which is consistent with current UK 

practices (McAndrew et al. 2012a) there were intakes of some foods notoriously high in 

sodium such as canned soups, baked beans, marmite, cured meats and smoked fish which 

increased the overall salt content of the diet. Even though high salt intakes in adults have 

been linked with the development of hypertension (Scientific Advisory Committee on 

Nutrition 2003) its effect on health outcomes in childhood or any programming effect that 

tracks into adulthood are not known (Heird et al. 2006; Scientific Advisory Committee on 

Nutrition 2003). However it seems prudent to advise reduction of sodium intakes to those 

near the recommended targets. Iodine intakes were significantly lower in baby-led weaned 

infants compared to spoon-fed infants but this did not constitute cause for concern as 

intakes for both groups were well above the RNI.   

3.4.1.3 Iron status 

In the UK, the Scientific Advisory Committee on Nutrition (SACN) recommended further 

investigation in iron intakes and status in infants up to 18 months’ age (SACN 2010).  This 

is one of the very few studies which have looked at dietary and haematological data in the 

second half of infancy from breast-fed infants in the UK after the adoption of the 

recommendation for introduction of solids at 6 months. 
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Despite very low dietary iron intakes in this study, haemoglobin levels were well within 

the normal range at 8 months as described by the 50
th

 centile of Hb levels in the ALSPAC 

study (117g/l) (Emond et al. 1996) or in the recent diet and nutrition survey of infants and 

young children (115g/l) (Lennox et al. 2013). A study by Chantry and colleagues (Chantry 

et al. 2007) looked at the association between the duration of exclusive breastfeeding and 

iron deficiency anaemia. They found that in unadjusted analysis 10% of infants exclusively 

breast-fed for six months were diagnosed with anaemia as opposed to 2.3% of infants 

breast-fed for 4-5 months (p=0.007) and the association remained even after adjusting for 

birth weight and demographics. However, because anaemia was defined (among other 

things) as parental recall of history of anaemia it is possible that bias was introduced as 

these parents were more aware of the risk and possibly monitored their infants’ iron status 

more regularly. We used the WHO criteria for low Hb levels due to a lack of any other 

internationally agreed cut-off point for HB levels in his age group, and by this criterion two 

infants were considered to have low iron status.  However, this cut-off is widely considered 

to be too high. Using the alternative cut-offs based on population samples of both mixed-

fed (Emond et al. 1996) and exclusively breast-fed infants (Domellof, Dewey, et al. 2002) 

none of the infants in our study would have been considered to have low Hb levels at 8 

months. In contrast 7% of infants aged between 5-11 months had haemoglobin levels 

below 100g/L in the infants and young children’s diet survey (Lennox et al. 2013).  

There was no correlation between intakes of iron or other nutrients and haemoglobin in our 

sample. This is consistent with other literature  and demonstrates the importance of other 

non-dietary factor in the utilisation of iron such as bioavailability and  iron endowment at 

birth (Krebs et al. 2013). For example, a two minute delay in cord clamping significantly 

enhances iron status at birth and up to 6 months (MacMcDonald & Middleton, 2008), 

which means that potentially these infants would begin complementary feeding with an 

advantageous iron endowment.  

The main finding was the extremely low dietary intakes of iron in this age group. Iron 

intake for most of the infants was well below the lower reference nutrient intake (LRNI), 

indicating that these intakes are only sufficient to meet the requirements of 2.5% of the 

general population (Committee on Medical Aspects of Food Policy (COMA) 1991). Low 

iron intakes in breast-fed infants of the same age were also observed among infants 

participating in the ALSPAC study in the 1990s (Hopkins et al. 2007), although intakes 

estimated by the same dietary method were somewhat higher than our findings (6.2mg/day 

in breast-fed and 9.0mg/day in formula-fed infants at 8 months). One possible explanation 

for this may be the popularity amongst our sample of organic infant foods which have 
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become more widely used over the last two decades (The Soil Association 2012), while 

use of non-organic fortified infant foods was higher in ALSPAC. In the recent infants’ and 

young children’s survey (Lennox et al. 2013) mean iron intakes at age 7-9 months were 

7.3mg/day (94% RNI); however the majority of iron in this group came from infant 

formula (48%) and  commercial infant foods (20%) which are fortified with iron, whereas 

the infants in our sample consumed mostly family foods. This may also explain the 

difference in the proportion of infants below the LRNI between this survey (14%) and our 

data (70%). More recently, a study by Krebs (Krebs et al. 2013) looking at iron intakes and 

status in 3 groups of infants receiving 3 types of complementary foods ( iron and zinc 

fortified cereal, iron fortified cereal and meat), found that iron intakes at 9 months ranged 

from 11.8 (1.3) mg/day in the iron and zinc fortified cereal to 7.5 (1.3) to iron fortified 

cereal and 3.3 (0.4) mg/day  in the meat feeding group.  

In the recent SACN report on iron and health, the issue of high incidence of iron intakes 

below the recommendations/LRNI was highlighted. The high proportions of certain 

population groups (namely toddlers and women of reproductive age) with dietary iron 

intakes below the LRNI coupled with low incidence of iron deficiency anaemia suggested 

that recommendations  for iron intakes in these age groups may have been set too high 

(SACN 2010). Another possible explanation could be the potential increase in dietary iron 

absorption in response to low systemic iron (Domellof, Lonnerdal, et al. 2002) as seen in 

low serum ferritin levels; this effect is more prominent for non-haem iron (Lynch et al. 

1989) and could explain why our sample did not show evidence of iron deficiency even 

though the majority of their dietary iron intake originated from non-haem sources.  

In the study by Krebs (Krebs et al. 2013) 36% had mild anaemia (<115g/L) and dietary 

iron was not found to be correlated to serum ferritin within or among feeding groups 

(P=0.30). All groups had marginal iron status despite higher intakes in the fortified cereal 

groups, which lead the authors to conclude that there were differences in bioavailability of 

haem and non-haem iron.   

In the ALSPAC study the incidence of anaemia at 8 months was 7.1% (ALSPAC cut-off 

100g/l) or 22.7% (WHO cut-off 110g/l) (n=1079 infants). The incidence of anaemia was 

higher in the breast milk group (which consisted of breast milk with or without some cow’s 

but no formula) than the formula and cow’s milk group (Hopkins et al. 2007). In our 

sample the contribution of formula and breast milk to iron intakes was very small 

compared to other food sources and therefore the two samples are not comparable in that 

respect. In the ALSPAC breast-fed group, no associations between any nutrients and Hb 

were found even after controlling for confounders (gender, birth weight, age, weight, 
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recent infections as assessed at the 8-month clinic, parity, maternal education, vegetarian 

status and use of iron supplements during pregnancy) ( Hopkins et al. 2007), which is 

consistent with our data.  

Despite the small sample size we were still able to demonstrate that iron intakes by these 

infants were significantly below the LRNI.  All the infants were of normal birth weight, 

and it has been longstanding practice in Brighton to delay cord clamping, both of which are 

likely to mean that their infants would have had good iron stores at birth (Chaparro et al. 

2006). It may be that an impact of such low iron intakes on haemoglobin levels would have 

been more apparent among infants with a lower iron endowment, e.g. as a result of low 

birth weight, early cord clamping ( Dewey & Chaparro 2007) or if haemoglobin was 

measured at an older age after more sustained low iron intakes. Alternatively, it is possible 

that iron requirements after 6 months have been overestimated, the lack of sound evidence 

underlying recommendations on infant iron intakes has recently been highlighted 

(Scientific Advisory Committee on Nutrition 2010). 

Haemoglobin levels at 18 months in our sample were higher in than those reported in the 

latest infants’ diet survey (117g/L) with the breast-fed infants having a lower incidence of 

low haemoglobin 7.7% versus 15% below the cut-off point of 110g/L. (Lennox et al. 

2013). The infants who had lower Hb levels at 8 months were found to have normal levels 

at 18 months. This was also observed in the ALSPAC study where infants with extreme 

low Hb at 8 months had normal Hb at 12 and 18 months (Sherriff et al. 2001). However 

our values of low haemoglobin were marginal as opposed to extremely low. Poor iron 

status in the first year has been associated with lower developmental scores at 6 years in 

Icelandic children (Gunnarsson, Thorsdottir, Palsson, & Gretarsson, 2007). Data from the 

ALSPAC study which followed infants at 8, 12, 18 months measuring haemoglobin levels 

and developmental outcomes found that low haemoglobin at 8 months (below 95g/l) was 

significantly associated with negative developmental outcomes at 18 months, whereas this 

was not observed from low Hb levels at 12 and 18 months, suggesting a vulnerable period 

at around 8 months of age which affects future development (Sherriff et al. 2001). Dietary 

iron intakes were also higher in our sample [6.7 mg/day (97.1%RNI) versus 6.4 mg/day 

(93% RNI)], with no children with intakes below the LRNI as opposed to 13% of infants 

below the LRNI in the national infant diet and nutrition survey. There were differences in 

the contribution of food groups to iron intakes with our sample obtaining most of it from 

family foods whereas in the diet survey 17% of iron came from formula and 9% from 

commercial infant foods.  A study of 6-9 month old healthy non anaemic Swedish infants 

looking at the mode of iron intake (medicinal drops versus dietary iron) showed that iron 
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from fortified foods is incorporated into haemoglobin rather than deposited into iron stores 

unlike medicinal iron which is converted to ferritin. This is potentially due to the role of 

hepsidin. A large one off peak of iron mobilises hepcidin production which increases iron 

storage whereas the low level ingestion of iron through iron rich complementary foods 

throughout the day uses a different mechanism of iron utilisation by incorporating it into 

haemoglobin production (Domellof et al. 2008). This could explain the higher 

haemoglobin levels at 8 months but it may also explain a longer lasting impact on 

haemoglobin at 18 months after dietary iron intakes have increased markedly from 8 

months.  

 

3.4.1.4 Eating behaviours 

All mothers followed the current infant feeding guidelines and continued breastfeeding at 8 

months of age. This is consistent with the sample demographic and the wider literature 

which suggests that older, more educated women are likely to breastfeed for longer 

(McAndrew et al. 2012b).  The timing of the introduction of solids was also in keeping 

with the guidelines (British Dietetic Association 2013a) with all infants introduced to 

solids after 4 months.  

A third of the sample used the baby-led weaning approach, bypassing puree textures and 

starting straight with finger foods. All of the infants that followed this approach were 

introduced to solids either on or after 6 months. Our findings are in line with a study which 

looked at characteristics of infants who followed the baby-led weaning approach and found 

that infants were introduced to solids later and participated more in family meals. They 

also found that mothers breast-fed longer, even after adjustment for socioeconomic status 

(Brown & Lee 2011a).   

By 8 months, all mothers but one had introduced foods with lumpy texture in the infants’ 

diet. Late introduction of lumpy solids at 10 months has been shown to increase feeding 

problems (Northstone et al. 2001)  which can potentially persist into childhood (Coulthard 

et al. 2009) however lumps in our sample were introduced between 6-8 months. Finger 

foods were also introduced around 7-8 months by the majority of the sample, in 

accordance with current recommendations. 

Mothers reported recognising their infants’ signs of physical and behavioural readiness 

before they proceeded with introducing solids. These responsive cues, which indicated a 

positive mother-infant interaction,  mirror results from another study by Brown and Lee in 

which  mothers who were interviewed about their experience in baby-led leaning said the 
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introduction of solids was prompted by their infant’s perceived developmental readiness, 

indicating a responsive approach to the infant’s behaviour (Brown & Lee 2013).  

Conflicting health professional advice was evident, as some mothers reported that were 

told that by 6 months the infant should have a full eating routine; therefore they were 

advised to introduce solids 2 weeks earlier than 6 months. The Department of Health 

advice states that introduction of solids should be gradual and although timescales are not 

provided it does not assume a full eating schedule at 6 months. This could potentially be 

problematic because parents could get unnecessarily distressed if they do not manage to 

establish an eating routine by 6 months as per the health professional’s advice.  In a study 

exploring maternal views on what influences their decision on when to introduce solids, 

advice from health visitors was shown to be inconsistent compared with current WHO 

guidelines and later introduction of solids was associated with rating health visitor advice 

as poor (Arden 2010). This was also evident in another study by Redsell where parents 

reported that health visitors often supported the idea of supplementation of breast milk 

with formula, which for some participants who wanted to persist with breastfeeding was 

seen as inappropriate and unwanted advice (Redsell et al. 2010). This is also reflected in 

the latest infant feeding survey; even though the health visitor is still the main source of 

information about when to start giving solids (65%) there is a big decrease compared to the 

2005 survey (87%). Books/leaflets/magazines, friends/family and the internet are playing a 

much bigger part in the solids introduction decision process than they did 5 years earlier 

(McAndrew et al. 2012b). 

More mothers in our study said their infant would eat almost anything compared with data 

from the latest infant feeding survey (80% versus 72%) (McAndrew et al. 2012b). Infant 

flavour exposures begin before complementary feeding through maternal diet during 

pregnancy (amniotic fluid) and breastfeeding (Cooke & Fildes 2011). Unlike formula milk, 

whose composition is consistent, breast milk varies depending on maternal diet, resulting 

in exposure to different flavours during breastfeeding. Breastfeeding may therefore 

constitute a positive experience in accepting new flavours and learning to eat a variety of 

foods (Birch et al. 2007). It is reasonable to expect that breast-fed infants will have a 

greater exposure to different flavours. A study by Shim and colleagues (Shim et al. 2011) 

who looked  at infant feeding guidelines and prevalence of fussy eating behaviours found 

that exclusive breastfeeding for six months was protective against food rejection (fruit, 

veg, meat, fish) (OR 0.19, CI 0.06, 0.69), preferences for specific food preparation method 

(OR 0.22, CI 0.06, 0.81) and food neophobia (OR 0.25, CI 0.07, 0.89). Also introduction 

of solids before 6 months increased the odds of food neophobia (OR 2.45, CI 1.01, 5.93) 
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and having a limited variety of food (OR 2.46, CI 1.06, 5.73) after adjusting for  mother’s 

age, race, marital status, employment status, and education level, household income level, 

child’s age, sex, and ethnicity. The authors hypothesized that the theory of “learnt safety” 

could be a possible mechanism for this: infants who are introduced to solids early are more 

likely to experience feeding problems due to gastrointestinal immaturity. If these problems 

occur often, then the infant is more likely to associate foods with gastrointestinal 

discomfort and be more reluctant to try new foods (neophobia), therefore limiting the 

variety of foods eaten (Shim et al. 2011).  

When asked about specific feeding problems, insufficient food intake was the one that 

worried mothers “a bit”. Food refusal, fussiness and establishing routine, although reported 

did not worry them. A very small proportion of mothers worried greatly about overeating. 

These figures demonstrate a level of certain confidence in how mothers perceived infant 

feeding difficulties at 8 months. Maternal pressure to eat can have adverse effects in the 

infant’s food intake and increase levels of fussy eating. Parental influence is bidirectional: 

the parent affects the eating environment of the child and at the same time the child’s 

behaviour is shaping parental response (Ventura & Birch 2008). Moreover, mothers who 

followed baby-led weaning used a significantly less restrictive and pressurised feeding 

approach and were less concerned over their infants’ weight compared to those using a 

traditional weaning method (Brown & Lee 2011b). In terms of difficulties in feeding solids 

to their infants, more mothers reported feeding difficulties than those reported in the 2010 

infant feeding survey (20% versus 11%). More specifically in the infant feeding survey 

17% of infants who were introduced to solids between 5-6 months and 6 months reported 

difficulty as opposed to 10% of infants who were introduced to solids between 4-5 months. 

According to the latest infant feeding survey (McAndrew et al. 2012b) almost half of the 

mothers (45%) reported actively avoiding giving their infants at least one ingredient as 

opposed to 65% in our sample. Food avoidance at 8 months yielded interesting results with 

over a third of mothers in our study actively avoiding red meat. This is against UK 

guidelines which suggest introducing iron-rich foods as soon as solids are introduced in the 

appropriate texture for the age of the infant (British Dietetic Association 2013b). However 

this message seems to have not been well communicated even to this highly educated 

group of mothers. Results from the 2010 infant feeding survey with regards to meat 

avoidance were lower compared to ours and showed that 6% avoided meat in general 

(offal/chicken/ham), 1% beef and 5% other red meat (pork, lamb etc.). The potential 

impact of this on the infants’ iron status was discussed in the previous section. In the baby-

led weaning group, significantly more mothers were not avoiding giving nuts to their 
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infants compared to the mothers who did not follow a baby-led weaning approach 

demonstrating compliance with the most up to date guidelines on the subject. Although 

more research is still needed to determine the effect of the age of  introduction of allergenic 

foods in the development of atopic disease (Grimshaw et al. 2009) current consensus is 

against the early (before 4 months) or late (after 7 months) introduction of such foods as 

eggs, fish and nuts (Agostoni et al. 2008; Shreffler & Radano 2011; Anderson et al. 2009). 

In the UK, mothers are advised to exclusively breastfeed for 6 months and -apart from 

those who have a suspected or proven food allergy or other allergic disease- to start 

introducing allergenic foods as soon as weaning has become established with traditional 

foods. Allergenic foods are advised to be introduced in small amounts , one food category 

at a time (for example wheat products) and spaced out over 2-3 day intervals (British 

Dietetic Association 2010).  

Significantly more mothers in the late solids introduction group said that their infant ate 

differently at 8 months but the majority described the difference as following baby-led 

weaning. Baby-led weaning was becoming very popular at the time of the study.  A few 

studies have looked at parental perceptions of baby-led weaning which include mostly 

positive reports of being a more natural and healthy way of introducing solids and that 

infants take part in mealtimes and eat family foods rather than foods especially prepared 

for them (Cameron et al. 2012; Brown & Lee 2013). 

A large proportion of mothers were still continuing to breastfeed at 18 months with the 

earliest breastfeeding cessation being at 9 months of age. This is very encouraging and in 

line with the World Health Organisations’ guidance to continue breastfeeding after the 

introduction of solids at 6 months for 2 years or beyond (World Health Organisation 2002). 

The latest information from infants in the UK shows that only 8% of mothers report 

breastfeeding their infants aged between 12-18 months (Lennox et al. 2013). However 

Brighton and Hove has breastfeeding initiation rates that are above the national average 

(86% versus 76% in 2008/2009) and have lower drop off rates between initiation and 6-8 

weeks (13.4%, ranked 4
th

 nationally in quarter 3 2009/2010 with the best  rates in that 

quarter at Westminster, 8.7%) (Williams & Pickin 2010) so our data is consistent with 

information from the local area.  

One mother worried greatly about their infant not eating sufficient food at 18 months 

however from our anthropometric data, we did not have any evidence of underweight 

(weight-for-age z- score less than 2) in any of the infants. In a study of assessing maternal 

feeding practices with feeding behaviours in 12-36 month old infants although 63% felt 

that their child was easy to feed, 20% perceived their infants as a fussy eater. 23% worried 
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whether the child was eating sufficient food, whether the child had a small (17%) or large 

appetite (6%). Food refusal was common in 20% of the sample and occurred sometimes in 

42% of the sample (Chan et al. 2011). 

Encouragingly, fewer mothers were avoiding foods at 18 months with all infants having 

gluten and fish in their diet and only 3 mothers actively avoiding red meat. These positive 

signs are in line with other studies that confirm that infants who were introduced to solids 

later incorporate family foods more easily, have a wider variety of foods and are less fussy; 

mothers whose infants followed baby-led weaning reported sharing mealtimes and 

adjusting them around their infants hunger patterns. The infants were offered the same 

food as family food, accordingly adjusted (low salt, low additives) but the addition of 

spices and herbs was common. The mothers in this study believed that offering a wide 

range of foods and giving the infants the choice to feed themselves could promote a 

healthier approach to food and result in their infants’ being less fussy and eating a wider 

variety of foods in the future (Brown & Lee 2013).  

3.5 Limitations 

The main limitation of this study was the small sample size. It comprised  a small self-

selected group of mothers, nearly all of whom were educated to at least degree level; 

however, data from the last infant feeding survey suggest that this is typical of the very 

small percentage of mothers who breastfeed for at least 6 months (McAndrew et al. 

2012a). It was therefore not possible to conduct adjusted analysis in order to account for 

potential confounders and this is a major disadvantage of the study. However, the sample 

was fairly uniform in terms of parental socioeconomic status and type of milk feeding 

which constitute two of the major confounding factors and therefore there is some 

confidence that the results may be reflecting a true association, and therefore providing 

some initial indications that future studies could build upon.  

The sample of this study consisted of a group of infants with very high breastfeeding 

intakes who were introduced to solids much later than the national average and consumed 

mainly fresh, home prepared foods. Therefore the results are not representative of the UK 

infant population. However, the feeding practices of these infants are highly consistent 

with current UK guidelines and therefore their intakes can be interpreted as a “target” that 

all infants should be aiming for.  

Maternal reports of perceived fussy eating and other feeding behaviours were used. A 

recent review found a lack of good quality, reliable validated questionnaires assessing 

infant feeding behaviours with no questionnaires looking at food avoidance and food 
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approach (including fussiness, rejection, food enjoyment) between 12-24 months. There 

were also no questionnaires assessing parental control in feeding practices in infants 

younger than 2 years (de Lauzon-Guillain et al. 2012). However, Jacobi and colleagues 

assessed parental reports of fussy eating using objective laboratory methodology and 

demonstrated that parental perceptions of feeding difficulties and pickiness corresponded 

to clinical measures of restricted dietary variety and limited diet patterns (Jacobi et al. 

2003).  

Another limitation as with every survey which involves assessment of dietary intakes was 

misreporting. However this group of well-educated, heath aware mothers were extremely 

motivated and interested in the study and were given detailed information on food portion 

sizes therefore were less likely to misreport intakes. We did not find evidence of unusually 

low or high intakes of nutrients which further supports the accuracy of dietary recording. 

Additionally, using energy adjusted intakes is also an effective method for accounting for 

misreporting when examining several nutrients (Poslusna et al. 2009).  

The "gold standard" of dietary assessment is considered to be a seven day weighed intake 

(Bingham et al. 1994). It was felt that seven days of recording would place an unacceptable 

burden on the mothers participating in this study. The time between 6 and 8 months is a 

transition period from milk to solids and there is relatively small day to day variability 

(Stuff et al. 1986), meaning that reliable estimates of nutrient intake can be obtained with 

fewer days of dietary recording. Food records compare well with the results of weighed 

food intakes (Bingham et al. 1994), and results obtained by this method in earlier studies of 

infants have compared well to the results of national surveys, and had plausible 

relationships with biological outcomes including ferritin and blood lipids (Noble et al. 

2001; Cowin et al. 2001; Hopkins et al. 2007; Rogers & Emmett 2001). Assessment of 

breast milk intake was based on maternal ability to record duration of breast feeds, as well 

as a crude method of calculating the total amount consumed. However, as breast milk only 

accounts for a very small proportion of the infants’ iron intakes, any errors in estimates of 

breast milk intake would have only a minor impact on estimates of total dietary iron.  

3.6 Chapter Summary 

 

The small sample size of this study meant that there was no opportunity to conduct 

adjusted analyses and to generalise the results. Even though some significant differences 

were detected, it is not possible to draw firm conclusions on the association between the 

age of solids introduction and mode of complementary feeding with growth, diet, iron 
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status and eating behaviours at 8 and 18 months. However, assessing health outcomes in a 

population that conforms to the current infant feeding recommendations makes this study 

novel and timely. It provided some interesting exploratory indications on health outcomes 

in this infant population that can form the basis for future research as well as useful 

insights of the challenges of conducting a study of this type which can help in the design of 

adequately powered studies in the future.  
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The Haemospect® Validation Study 
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4 The Haemospect® Validation Study 

4.1 Chapter Overview 

This chapter will describe the use of a novel non-invasive device, Haemospect®, which 

measures haemoglobin levels using white light spectroscopy in a subgroup of the 

Brighton’s Breast-fed Babies Study. Haemoglobin measurements obtained from the device 

will be compared with measurements from heel pricks as described in the previous chapter.   

 

Aim, objective and research hypothesis 

 

Aim 3: To test the accuracy of a white light spectroscopy device (Haemospect®) in 

measuring haemoglobin levels compared to a capillary venous blood sample.   

 

Objective 

To obtain Hb measurements by Haemospect® in principally breast-fed 18 month old 

infants from The Brighton’s Breast-fed Babies study and to compare them to the Hb 

measurements obtained concurrently in the same infants using a heel-prick. 

 

Hypothesis to be tested 

There are no differences in haemoglobin measurements between the capillary venous 

blood sampling method and the Haemospect® method. 

 

4.2 Methods 

4.2.1 Study design 

The study design was a prospective cross-sectional study ran as part of the Brighton’s 

Breast-fed Babies Study. The methodology of the Brighton’s Breast-fed Babies study was 

described in the previous chapter. In summary, healthy full-term infants whose mothers 

intended to breastfeed them for at least six months (at least 80% of milk intake deriving 

from breast milk) were recruited from Brighton and Hove. Anthropometric, dietary and 

haematological data were collected at 8 and 18 months.  
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4.2.2 Settings  

The study was conducted during the last home visit at the participants’ homes, as described 

in Chapter 3.  

 

4.2.3 Participants 

Inclusion and exclusion criteria have been described in the previous chapter. For the 

purposes of this study, toddlers aged 18 months took part.  

 

4.2.4 Data collection  

 

Haemospect® is a portable device manufactured by MBR systems (Germany). It consists 

of the hand-held analyzer and a button sensor (Figure 4-1). It can be operated on both 

battery power and mains electricity.  

 

Figure 4-1 The Haemospect® device 

 

 

The device was automatically calibrated before every use using the relevant setting. Once 

the device was ready to use, the forearm of the infant was disinfected using an alcohol 

swab and the probe was placed on the forearm. Gentle pressure was applied on the probe 

by the researcher to ensure that there was complete contact with the skin at all times. After 

60 seconds the reading was obtained and recorded. The second reading was obtained using 

the method described above 1-2 minutes after the first measurement. The time lapse 

between the non-invasive method and the heel prick was 5-7 minutes. 
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Haemoglobin is not evenly distributed in capillaries and tissues because of changes in the 

distribution of capillary perfusion. When white light is projected through the skin, some of 

it is absorbed by the tissues and some is reflected back. The device captured the reflected 

light and a spectrometer separated it into its different wavelengths and analysed it. Then, 

using an algorithm, haemoglobin was calculated. 

 

4.2.5 Variables 

Two Haemospect® measurements were obtained for each infant. Haemoglobin 

measurements were obtained by a capillary venous sample taken from the infant’s heel and 

analysed using a haemoglobinometer (Haemocue 201+). A detailed account of the blood 

sampling methodology can be found in Chapter 3.  

 

4.2.6 Sample size calculation 

Previous studies have calculated a sample size based on the design planning of comparison 

of laboratory methods (Rabe et al. 2010). It was estimated that 200 comparison pairs would 

be required in order to detect a difference of 0.8 at a 5% significant level (Rabe et al 2010). 

However due to lack of resources and time, this was not possible to achieve, therefore our 

sample size was 10. 

 

4.2.7 Statistical analysis 

For comparison with the heel prick measurements (set as the standard method), mean, 

standard deviation, median, inter-quartile range, and maximum and minimum values were 

calculated from each pair of Haemospect® measurements taken. The Bland Altman 

method was used to compare the two methods. More specifically for each infant, the Hb 

difference between the two methods was calculated. Then for each set of measurements the 

average was also calculated. These two variables were subsequently plotted against each 

other in a scatter plot (Figure 4.1). This plot therefore represents the relationship between 

the measurement error and the true value (which should lie somewhere in between the two 

measurements). The standard deviation of the difference between measurements was also 

calculated in order to provide the distribution range of 95% of the values (mean +/- 

SD)(Bland & Altman 1999). The two methods were also regressed against each other and 

their relationship is represented in Figure 4.2.  
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4.2.8 Ethical Approval 

The study was awarded a favourable ethics opinion by the Kent Research Ethics 

Committee and NHS Brighton and Hove and South Downs PCT Research and 

Development Departments (Appendix 1).  

 

4.3 Results 

4.3.1 Participants 

Participants who consented to the blood sample at 18 months (n=14) were also invited to 

participate to the validation study. Written informed consent was obtained for both 

procedures separately so that participants had the option to opt out of either one. 

Eventually 10 pairs of capillary and non-invasive measurements were taken. (Non-

availability of the Haemospect® device for n=3 and child feeling unwell n=1 for the data 

not collected).  A mean value of 2 Haemospect® measurements was calculated for each 

infant. In one case that was not possible because the infant was not compliant during the 

second measurement. The first measurement was therefore carried forward in that case.  

 

4.3.2 Descriptive data 

Both capillary and Haemospect® readings were normally distributed. Mean age of infants 

when the measurements were taken was 17.5 (SD: 0.5) months. Four infants (40%) had 

parents of non-white origin (African, Indian or mixed race) which meant that the light 

reflected from the device would be affected by the melanin content of the skin. Table 4-1 

shows means and distributions of the two measurement methods. The Haemospect® 

method had consistently higher readings than the heel prick method, with values ranging 

from 14.6-15.2 g/dL.  
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Table 4-1 Comparison of means and distributions of hemoglobin levels from alternative 

measurement methods 

 

Hb measurement method
 

Haemoglobin concentrations (g/dL) 

Min Mean SD 25% 50% 75% Max 

Capillary measurement 10.50 11.97 0.91 11.28 11.90 12.85 13.40 

Haemospect®  measurement 1 14.60 14.79 0.11 14.70 14.80 14.83 15.00 

Haemospect®  measurement 2 14.70 14.81 0.16 14.70 14.75 14.90 15.20 

Mean Haemospect® measurement 14.65 14.80 0.12 14.70 14.78 14.91 15.00 

n=10 for all measurements 

 

4.3.3 Main Results 

 

Looking at the Bland Altman plot in Figure 4-1, although the agreement limits are within 

an error of 5% of the SD (0.9 g/dl) as indicated by the dotted lines on the graph, the mean 

difference between the two methods is displaced away from 0 (Value of -2.83, indicated by 

the dark line on the graph), further confirming the overestimation of Hb by the 

Haemospect®. The regression line shows that there is no correlation between the two 

measurements (Haemoscpect Hb = -0.03 Capillary Hb +15.15) p=0.517 with a very low 

R
2
 value (0.052).  
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Figure 4-2 Bland-Altman comparison for capillary and spectroscopic haemoglobin values 

(both in g/dL).  

 

The mean difference between the two methods is denoted with the dark line (-2.83), and 

the ±2 standard deviation (SD) limits (-0.94, -4.72) where SD:=0.9, are denoted with the 

dotted lines. 

        

Figure 4-3 Scatterplot of the values for capillary blood haemoglobin (Hb) concentration 

(g/dL) versus the corresponding values from Haemospect® 
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4.4 Discussion 

 

The aim of this study was to compare a non-invasive method for assessing Hb levels in 18 

month old toddlers to a standard capillary blood sampling method. Looking at the 

descriptive results it was evident that Haemospect® consistently overestimated Hb levels 

in all infants, compared to the heel prick results. This was also confirmed in the Bland 

Altman plot where the differences between the two measurements were increasing as the 

mean Hb values got larger. Results from the regression analysis showed that there is not a 

strong correlation between the two methods. Therefore the Haemospect® was deemed 

unsuitable to detect low haemoglobin levels in this age group.  

 

The novelty of this study was that this is the first one to assess a non-invasive method of 

haemoglobin measurement in the community in a group of 18 month old toddlers. Other 

attempts for measuring haemoglobin using noninvasive techniques have been made in 

adults, for example using conventional near infrared spectroscopy with low levels of 

sensitivity (Rendell et al. 2003) and more recently pulse oxymetry (Barker & Badal 2008) 

with very promising results in the continuous measurement of haemoglobin in hospital 

settings (Bamberg 2008). The Haemospect® has been used in neonatal units and compared 

to both venous and capillary blood samples with very high correlation coefficients 

(R
2
=0.96 for capillary/spectroscopic and 0.99 for venous/spectroscopic pairs respectively) 

(Rabe et al. 2010). Possible reasons for the lack of accuracy in our sample could include 

the fact that skin in toddlers is much thicker than neonates and therefore it could be that the 

light was not reflected back or absorbed properly during the measurement. Also skin 

colour can affect the results as the light absorption is affected by melanin in the skin and as 

40% of our sample had one parent of non-white origin this could have also played a part in 

the inaccuracy of the results.  

 

The device was handheld and easy to carry and handle during home visits so if proven 

accurate it would be suitable for use in community settings. The device was very easy to 

use and training required was only 30 minutes. Its use could potentially eliminate blood 

loss, pain, skin damage, risk of infection and distress and would potentially increase the 

number of parents willing to screen infants for anaemia, leading to early detection of 

anaemia.  
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4.5 Limitations 

 

The main limitation of the study was the small sample size which was due to the already 

limited number of infants for the Breast-fed Babies Study as well as the delay in obtaining 

the device from the manufacturers. The implications of the small sample size have been 

discussed in Chapter 3 and Chapter 6. Therefore larger scale studies are needed to improve 

the strength of the results.  

 

4.6 Chapter Summary 

In conclusion, the Haemospect® device failed to detect low haemoglobin levels in this 

group of 18 month old toddlers. Adjustments to the device and further testing in a larger 

sample of the same age in a community setting are recommended. However, even though 

the sample size of the study was small, the complete lack of correlation between the device 

readings and the heel prick measurements indicate that the device may not be suitable for 

use in this age group.  
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The GO-CHILD Study 
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5 The GO-CHILD Study 

5.1 Chapter Overview 

This chapter will examine the association between the age of solids introduction with some 

of the same eating behaviours assessed in the Brighton’s Breast-fed Babies Study in a 

larger sample of infants as well as other aspects of the complementary diet, namely food 

preferences and dietary variety. The results will then be discussed and placed within the 

context of current literature.  

 

Aim, Objectives and research hypothesis 

 

 Aim 4: To explore eating behaviours, fruit, vegetable and meat preferences and dietary 

variety at 9 months between mixed-fed infants from Sussex who were introduced to solids 

before and those introduced to solids after 6 months. 

 

Objectives: 

 To identify the presence of parent-reported feeding difficulties and other eating 

behaviours across the whole sample and compare differences between the early and 

late complementary feeding groups. 

 To assess the level of acceptance of fruit, vegetables and meat across the whole 

sample and compare differences between the early and late complementary feeding 

groups. 

 To examine the variety of different fruits, vegetables as well as of the overall diet 

across the whole sample and compare differences between the early and late 

complementary feeding groups. 

 To assess if the age of solids introduction is an important predictor of eating 

behaviours, fruit, vegetable and meat preferences and dietary variety at 9 months 

after adjusting for other confounding factors. 

 

Hypothesis to be tested 

There are no differences between eating behaviours, fruit, vegetable and meat preferences 

and dietary variety at 9 months between mixed-fed infants from Sussex who were 

introduced to solids before and those introduced to solids after 6 months. 
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5.2 Methods 

5.2.1 Study Design 

 

GO-CHILD is a prospective multicentre cohort study which aimed to assess the genetic 

and environmental factors (including diet) that affect childhood diseases such as asthma 

and allergies. A database containing information about genotypes, environment, and 

disease and health outcomes was set up antenatally and was completed with blood and 

saliva samples from infants for genotyping at birth. The aim of the study was to collect 

detailed information on asthma and other allergy outcomes in the first two years of life and 

explore the gene-environment interactions relevant to asthma, allergy and other childhood 

diseases.  

 

5.2.2 Settings 

Recruitment began in 2009 and the study was conducted in several sites in Sussex, Surrey, 

Fife, Tayside and Warwickshire.  

 

5.2.3 Participants 

At all the sites, an information leaflet about the study was given to all expectant mothers at 

their 12 week scan appointment which was part of the routine care for all pregnant women 

or at any other antenatal /scan clinic visit from 12 weeks gestation onwards.  Leaflets were 

also posted to all expectant mothers in the study areas. 

 

5.2.4 Measures 

Women were asked to join the study at the antenatal clinic/ scan visits or home visit around 

12 weeks onwards. Those who agreed to join the study, were sent a letter at 30-35 weeks 

reminding them that they had agreed to join the study and offering them the opportunity to 

withdraw. For mothers who consented, historical information was collected by 

administering a simple questionnaire to the mother, her partner and the biological father if 

available. Additional information was also obtained from the mother’s medical records if 

required. The mother was also given a self-completion food frequency questionnaire 

describing her diet during this pregnancy. 
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A cord blood sample was collected from infants of consenting mothers delivered at all sites 

by the attending midwife or other staff, or by one of the researchers. The collection of cord 

blood did not cause any pain or discomfort to either mother or infant and took about 1 

minute.   If a cord blood sample was not obtained, the researcher approached the mother on 

the postnatal ward (or neonatal unit if the infant was admitted), in order to collect a saliva 

sample from the newborn. If she consented, a saliva sample was taken from the infant. 

Cord blood, together with the umbilical cord and placenta is normally discarded after birth. 

The extraction of DNA from cord blood thus represents a suitable strategy to establish a 

genetic database that can be subsequently merged with phenotypic data that is captured at 

various points from the antenatal period to childhood in order to gain an understanding of 

the gene-environment interactions that may control the onset and severity of allergy-related 

disease. For infants born at the Sussex County Hospital, lung function, oxygen saturation 

and skin micro-vascular function were measured in the infant non-invasively during the 

first 3 days after birth, while the child was in the post-natal ward. The parents had the 

option to opt out of this part of the study, if they wished to. The aim of this part of the 

study was to understand the development status of the infants’ lungs at birth and to check 

the status of the microvasculature of the skin. Both tests were non-invasive and did not 

carry any risks for the infant. The infants were followed up at the ages of 3, 6 and 9 

months, 1 year and 2 years. For infants born at the Sussex County Hospital, a stool sample 

at ages 3, 6, 9, 12 and 24 months was also collected, to investigate the presence of 

Clostridium Difficile (C.Diff.) in the infant gut influencing the atopic outcome, and 

whether the carriage/clearance of C. Diff in infants was related to genetic polymorphisms 

in the innate immune system. For these infants, the measurement of lung function, oxygen 

saturation and skin micro-vascular function was repeated at age 1 and 2 years. At 3 months 

parents were sent a questionnaire focussing on infant feeding patterns and growth up to the 

age of three months.  At 6 months the questionnaire sent focused on infections 

experienced, GP and hospital visits and symptoms of allergy and wheeze. At 9 months the 

questionnaire assessed breastfeeding, formula feeding and patterns of solids food 

introduction.  At the ages of 1 year and 2 years a validated questionnaire developed in 

Leicester and Nottingham to assess the incidence of wheeze, allergy and eczema in young 

children was administered. The questionnaires were posted to the mothers with prepaid 

envelopes for return. Telephone and postal reminders were provided to parents who failed 

to return the questionnaires within two weeks.  

The dietary information collected at 9 months by the Go-CHILD team involved infants of a 

similar age with those of the Brighton’s Breast-fed Babies Study, from the same 
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geographical area and included information on age of solids introduction, eating 

behaviours and food frequency. Since the small sample size of the BBBS did not enable us 

to draw safe conclusions for our research questions, it was thought that an adequately 

powered study such as the Go-CHILD would provide a useful addition to the evidence 

base.  The involvement in the Go-CHILD study for the purposes of the thesis therefore was 

to approach the GO-CHILD team and liaise with them in order to obtain the 9 month 

questionnaires, to build a database and enter the data that were already collected from other 

members of the research team, to form the research questions and devise an analysis plan 

based on the best way that the available data could answer the original research questions 

as well as explore other outcomes such as variety and food preferences. The data was then 

analysed and the findings are reported in the following sections.   

 

5.2.5 Study size 

The following power calculation was conducted for the main outcome of the Go-CHILD 

study.  Using conventional criteria for confidence level (95%) and power (80%) and 

estimates of the proportion of children with a positive skin prick test as 20% in children 

without the filaggrin mutation (the most significant genetic risk factor for the development 

of atopic dermatitis) and 40% in those with the mutation the total sample size needed was 

166 (83 babies with and 83 babies without the filaggrin mutation). Accounting for losses to 

follow, a total sample of 200 babies was estimated. However for the purposes of the thesis’ 

outcomes a post hoc power calculation will be performed.  

 

5.2.6 The 9 month diet questionnaire 

The 9 month diet questionnaire included information about infant feeding practices, age of 

solids introduction, introduction and consumption of specific food items and eating 

behaviours such as feeding problems and perceived fussy eating. The questionnaire can be 

found in Appendix 2. The extraction and processing of the questionnaire variables are 

described in the following sections. 

 

5.2.7 Assessment of food preferences 

Food preferences are defined as foods that infants are perceived to like or dislike. De 

Lauzon-Guillain and colleagues (2012) reviewed tools developed to measure eating 

behaviour and food intake or preferences of preschool children. However they found that 
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no tools were developed for children under 18 months of age (de Lauzon-Guillain et al. 

2012). Parental reporting of infants’  food preferences (likes and dislikes) has been used in 

other studies (Skinner et al. 2002).Parents were therefore  asked how much their infants 

liked three types of foods; vegetables, fruit and meat. Due to their different sensory 

properties and therefore different levels of acceptance, fruit and vegetables were 

considered separately as also noted by Glasson and colleagues (Glasson et al. 2011). 

Infants’ preferences were measured on a 4 point Likert style scale with the following 

options: “Likes this very much” “Quite likes this”, “Does not really like this” and “Will not 

eat this”. There was also a fifth option “Has not tried this” for foods not yet introduced to 

the infants. For the purposes of the analysis, the “has not tried this” option was excluded 

and the 4 remaining categories were then merged into 2:  “Likes food” constructed from 

options 1 and 2 and “Does not like food” constructed from options 3 and 4.  

 

5.2.8 Dietary variety 

There is a lack of consensus when defining dietary variety or diversity (two terms that are 

used interchangeably in the literature). Dietary variety can be defined as the number of 

foods or food groups consumed over a specific time period (Ruel 2003). In this study food 

variety was defined as the number of new foods introduced to the infant from the 

beginning of solids introduction until the age of 9 months. This definition has been used 

before by Lange and colleagues (Lange et al. 2013). Variety within food groups (regardless 

of the quantities consumed) was calculated as follows. Each food item from the 

questionnaire was categorised in one of the following core food groups: starchy foods, fruit 

and vegetables, dairy foods, meat and protein foods (Table 5-1). Fruit and vegetables were 

examined both separately and as one category. The food groups and the number of food 

types within each group are shown in Table 5-1 along with a complete list of food types in 

each group. Because of the nature of the questionnaire some individual food items were 

already grouped together and therefore could not be distinguished from one another. For 

example, “Oranges/satsumas/kiwis/strawberries” were considered 1 food type for the 

purpose of this analysis. A cut-off point to signify low versus high dietary variety was set. 

According to Ruel,  cut off points should be defined using the dietary patterns of the 

population examined and when looking at associations between variety and health 

outcomes, these should be based on the internal distribution of diversity within the study 

sample  (Ruel 2003).  Looking at the distributions of vegetable, fruit and overall dietary 

variety none were normally distributed; in fact all of them were highly positively skewed. 
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Log transformation and square root transformation was performed, however the 

distributions remained non normal. Previous studies with similar issues have used the 75
th

 

centile of the distributions to dichotomise the scores into low and high variety (Howard et 

al. 2012). However in our case, the 75
th

 centile contained the same values as the 50
th

 

centiles for vegetables and therefore it was decided to use the 25
th

 centile as the cut-off 

point. For consistency, the 25
th

 centile was used for the other two variables as well. The 

25
th

 centile corresponded to consuming 5 of 7 vegetable types (16.1% of population had 

low variety versus 83.9% with high variety), 3 of 5 fruit types (27% of population had low 

variety versus 73% had high variety), and 26/51 foods (26.1% of population low variety 

versus 73.9% of the population with high variety).  

 

Table 5-1 Food group description used for calculation of dietary variety scores 

Food 

group 

Number of food types Food types 

   

Starchy 

Foods 

16 plain baby rice, flavoured baby rice, other cereals, 

gluten-free rusks, normal baby rusks, dried 

vegetable/pasta based meals, breakfast meals, 

vegetable/pasta/rice based meals, weetabix, other 

breakfast cereals, potatoes (boiled/mashed), rice, 

pasta, white bread/toast, brown bread/toast, 

crackers/breadsticks 

Vegetables 7 carrots, other root vegetables, peas/green beans, 

green leafy vegetables, tinned tomatoes, other 

cooked vegetables, raw vegetables and salad 

Fruit  5 pure fruit puree, cooked fruit, banana, 

oranges/satsumas/kiwis/strawberries, other fresh 

fruit 

Dairy foods 5 milk/cereal based dessert , cheese, 

yoghurt/fromage frais, milk puddings, milk 

(excluding formula/breast milk) 
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Food 

group 

Number of food types Food types 

Meat and 

protein 

foods 

18 dried meat based meals, dried fish based meals, 

meat based meals, fish based meals, 

chicken/turkey, sausages/burgers, red meat (beef, 

lamb, pork), liver/kidney/heart, white fish, tuna, 

oily fish, eggs/quiche, baked beans, other 

beans/pulses, soya/ veggie burgers, Quorn, 

peanuts/peanut butter, other nuts 

Total 51  

 

 

 

5.2.9 Covariates 

Maternal age, education, and infants’ gender and breastfeeding duration are significant 

predictors of fruit and vegetable preferences, infant feeding practices and dietary variety 

and therefore will be considered in the analysis.  

 

5.2.10  Data analysis 

Continuous data were checked for normality. Descriptive statistics are presented as means 

and standard deviations or 95% CI as appropriate. Non-normally distributed data are 

presented as medians and interquartile range. Descriptive statistics of categorical variables 

are presented as frequencies. The sample was stratified by age of solids introduction 

(dichotomised as before and after 6 months) and differences between the two groups are 

reported via independent samples t-tests or (where data was not normally distributed) the 

Mann Whitney U test. The level of significance was set at 0.05. Socio-demographic 

variables were obtained from data from other GO-CHILD questionnaires. Spearman’s 

correlation was used to assess initial relationships between age of solids introduction (as 

continuous variable) and socioeconomic characteristics in order to build the models. Chi2-

tests were used to analyse differences in feeding problems, taste preferences and dietary 

variety by age of solids introduction. In order to assess whether feeding problems, taste 

preferences and dietary variety were associated with age of solids introduction, odds ratios 
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and 95% confidence intervals were calculated for each pair.  Binary logistic regression was 

used to assess the relationship between introduction of solids before or after six months 

and the presence of reported feeding problems, meat preferences and high fruit or 

vegetable variety and overall dietary variety at 9 months. Unadjusted odds ratios and 95% 

CI were calculated using each outcome as the dependent variables and the age of solids 

introduction as the independent variable. Age of solids introduction was checked both as a 

binary and as a continuous variable for all outcomes, to reflect both the current 

recommendations cut-off as well as a potential dose response association. When used as a 

binary variable, the reference category was solids introduced before 6 months. Each 

available variable known to have an influence in the development of each outcome and age 

of solids introduction was then regressed individually. Two models were constructed 

where appropriate.  

A statistical model (Model 1) where only variables that were found to be significant 

predictors or those with lower significance (p<0.200) were included and a conceptual 

model (Model 2) which consisted of all variables known in the literature as predictors of 

each outcome (regardless if they were not significantly correlated with age of solids 

introduction in the bivariate analyses in our sample).  

Education was not included in the final models due to the large numbers of missing values 

which would have decreased the overall sample size of the model. However it was not a 

significant predictor in any of the bivariate models and its inclusion (data not shown) did 

not change the interpretation of any of the results.   

Collinearity diagnostics were performed to exclude multicollinearity between the predictor 

variables in the regression models. Multicollinearity occurs when there is high correlation 

between independent variables. The existence of multicollinearity could result in very high 

standard errors and therefore less trustworthy b coefficients in the model. Moreover, 

adding 2 highly correlated variables in the model would limit the variance that these 

predictors account for, as the variance would be already explained by the first predictor, 

leaving the second predictor with only a small addition to the remaining variance (even 

though it may in reality account for a lot of the same variance). This could mean that it 

would be difficult to assess the individual contribution of each predictor (Field 2009). The 

first step to assess if multicollinearity was an issue in the data, was to examine if the 

independent variables used were highly correlated with each other. Additional colinearity 

tests, namely the calculation of variance inflation factor (VIF) and tolerance, were 

performed by regressing each predictor (used as a dependent variable) against all other 

independent variables and alternate until all variables were regressed against each other. A 
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variance inflation factor of 10 or more indicates that there is a strong linear relationship 

between predictor variables. Tolerance is the inverse of VIF and a value of less than 0.1 

indicates the presence of multicollinearity. There was no evidence of multi-collinearity 

between any of the independent variables in the GO-CHILD dataset. 

 

5.2.11 Ethical Approval 

The study received a favourable ethical approval from Eastern Scotland (Tayside) research 

ethics service.  Study Number: 08/S1401/130 

5.2.12 Funding  

The GO-CHILD study is funded by the charity Sparks. Charity Number: 1003825 

 

5.3 Results 

By February 2012, 244 questionnaires were received, 230 of which from Sussex and 14 

from Fife.  For the purposes of this thesis, only the Sussex questionnaires were used in the 

analysis. Data on age of solids introduction was available for 210 infants of which 131 

(62.4%) were introduced to solids before 6 months and 79 (37.6%) at or after 6 months.  

 

5.3.1 Participants 

The average mean age of the mothers in both groups was above 30 years, they were 

predominantly white and non-smoking, with the majority living in owned houses (Table 5-

2). Mothers in the later complementary feeding  group finished education later than 

mothers in the early weaned group and this was the only significant difference between the 

two groups (p=0.028). However it is worth noting that there were a lot of missing values in 

the education variable, due to unavailability of the dataset from the relevant questionnaire. 

Significant differences were seen in almost all infant characteristics; in the later weaned 

group there were more girls and as expected these infants were breast-fed for longer and 

were introduced to solids significantly later than the other group. However the average age 

of introduction of solids with lumpy texture did not differ between the two groups.  The 

age of solids introduction was significantly associated with breastfeeding duration, age of 

introduction of lumpy solids and maternal age (Table 5-3). Although significant 

correlations were observed between duration of breastfeeding, age of lumps introduction 
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and maternal age, the magnitude of the associations was small (rho coefficients ranging 

from 0.257-0.183), justifying their inclusion in the subsequent regression models without 

running the risk of multicollinearity. Tolerance values of less than 0.1 and VIF values of 

over 10 between all independent variables further confirmed that multicollinearity was not 

present in any of the regression models. 
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Table 5-2 Maternal and infant characteristics across the whole sample and stratified by age of solids introduction 

  All  < 6 months  ≥6 months  

  n %  n %  n % P 

           

Maternal characteristics         
  

Age (years)
1
  212 33.8 (4.3)

1
  119 33.3 (4.4)

 1
  73 34.1 (4.3)

 1
 0.225

2
 

           

Age finished education (years)
3
  80 19.5 (4)

3
  37 18 (4)

3
  34 21(3)

3
 0.028

4
 

           

Age finished education  80   37   34   

18 years old or less  32 40  20 54.1  8 23.5
  

19 years old or above  48 60  17 45.9  26 76.5
 

0.009
5 

 
          

Tenure 
  204   114   72   

Rent (%)
 

 32 15.7  95 16.7  62 13.9  

Own (%)
 

 172 84.3  19 83.3  10 86.1 0.611
5
 

 
          

Smoking
  203   113   72   

Yes (%)
 

 3 1.5  2 1.8  0 0  

No (%)
 

 200 98.5  111 98.2  72 100 0.256
5
 

 
          

Smoked during pregnancy
  203   113   72   

Yes (%)
 

 10 4.9  7 6.2  2 2.8  

No (%)
 

 193 95.1  106 93.8  70 97.2 0.292
5
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  All  < 6 months  ≥6 months  

  n %  n %  n % P 
 

          

Ethnicity
  198   110   70   

White (%)
 

 196 99  110 100  68 97.1  

Other (%)
 

 2 1  0 0  2 2.9 0.150
6
 

 
          

Infant characteristics
           

Sex
  224   129   75   

Male (%)
 

 113 50.4  75 58.1  32 42.7  

Female (%)
 

 111 49.6  54 41.9  43 57.3 0.033
5
 

 
          

Breastfeeding duration (months)
 

 211 8 (6)
3
  120 6 (6.6)

3
  75 9 (5)

3
 0.050

4
 

 
          

Age of solids introduction (months)
 

 210 5.4 (1.9)
3
  131 5(1.1)

3
  79 6 (0)

3
 0.000

4
 

 
          

Age of introduction of lumps (months)
3 

 223 7 (1)
3
  128 7 (1)

3
  76 7 (2)

3
 0.064

4
 

1
 Mean (sd) ; 

2
t-test; 

3
median (interquartile range); 

4 
Mann Whitney test;

5
 Chi square test; 

6
Fisher’s exact test
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Table 5-3 Univariate associations (Spearman correlation coefficients) for potential 

predictor variables and age of solids introduction 

Variables Age of solids 

introduction 

Breastfeeding 

duration 

Age of lumps 

introduction 

Maternal 

education 

     

Breastfeeding 

duration (months) 

0.257**    

Age of lumps 

introduction 

(months) 

0.195** -0.032   

Age mother finished 

education (years) 

0.205 0.072 -0.026  

Maternal age (years) 0.183* 0.184* 0.189 0.013 

Significant correlations are highlighted in bold. Significantly correlated **P<0.001, 

*p<0.05 (two-tailed). 

 

5.3.2 Feeding practices 

Most but not all infants were put on their mother’s breast upon birth (213/229, 93%) and at 

9 months 39.4% infants (86/218) were still being partially breast-fed. A small proportion 

of mothers reported adding cereal in the baby’s bottle “always” (2/217, 0.9%), “often” 

(3/217, 1.4%), or “sometimes” (6/217, 2.8%). Very few mothers “sometimes” added sugar 

in their infants’ foods or drinks (4/221, 1.8%). At 9 months 94.8% (218/230) of infants had 

been introduced to solids with a lumpy texture. In terms of using ready-made foods which 

are organic, over a third of the sample (85/230, 37%) reported that they use them “all the 

time”, 26.5% (61/230) “most of the time”, and 17% ( 39/230) “sometimes”. Almost a fifth 

of the sample (42/230, 18.3%) stated that they do not use ready meals at all. In terms of 

drinking habits, 50.9% (108/212) reported that their infants drink usually from a cup, 

35.4% (75/212) sometimes and 13.7% (29/212) reported that their baby does not drink 

from a cup at all.  None of the infants were vegan at 9 months, however 5.1% (8/156) were 

following a vegetarian diet. The vast majority of the sample (128/153, 83.7%) reported that 
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their infants would eat almost anything, whilst 14.4% (22/153) described their infants as 

“quite choosy” and 2% (3/153) as “very choosy”.  

 

5.3.3 Supplements 

Approximately 9.1% (19/209) of infants were receiving vitamin or mineral supplements, of 

which 5 infants having Healthy Start vitamins, 4 infants receiving iron supplements, none 

of the infants consumed fluoride supplements and 10 infants were receiving other vitamins, 

such as multivitamin preparations, vitamin D and calcium tablets and omega 3 

supplements.  Consumption of oils (flax oil, hemp oil, linseed oil and olive oil) at 9 months 

was not very common with 5/155 mothers (3.2%) reporting consumption. Probiotics were 

consumed by 11.8% (18/153) of the sample.  

 

5.3.4 Foods consumed 

The types of foods consumed and well as the proportion of infants being offered these 

foods are shown in Table 5-4. There were significant differences in breast milk and 

formula milk consumption with all of the infants that were introduced to solids after 6 

months being breast-fed (p=0.035) and infants introduced to solids before six months 

consuming higher amounts of formula (p<0.001).  In terms of commercial infant foods, 

infants introduced to solids before 6 months were offered higher proportions of baby rice 

(p=0.014) and dried (0.008) and jarred vegetable/pasta (p=0.034) meals than those 

introduced to solids after six months.  

 

Table 5-4 Proportion of infants being offered various foods by 9 months according to age 

at which they were introduced to solids 

  Valid  Consumers  Age of solids introduction  

Food type  n  %  <6months ≥6months P* 

         

Milk         

Breast milk  149  95.3  92.5 100 0.035 

Ordinary formula  192  79.7  87.7 65.7 <0.001 

Follow-on formula  166  69.3  74.5 60 0.051 

Ordinary cow's milk  166  72.9  70.6 76.6 0.399 

Goat’s/sheep's milk  129  3.9  3.8 4.1 0.925 

Hypo-allergenic formula  135  12.6  14.3 9.8
 

0.447
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  Valid  Consumers  Age of solids introduction  

Food type  n  %  <6months ≥6months P* 

Soya milk  95  11.6  15 5.7
 

0.172
 

 
        

Dry Infant foods
         

Plain baby rice
 

 204  82.8  88 74.7 0.014 

Flavoured baby rice
 

 196  27  28.5 24.7 0.563 

Other cereals 
 

 203  89.2  89.6 88.5 0.800 

Gluten free rusks
 

 190  8.4  8.4 8.5 0.991 

Normal baby rusks
 

 201  42.8  46.4 36.8 0.184 

Dried meat based meals
 

 198  7.1  9 3.9 0.176 

Dried fish based meals
 

 198  1  0.8 1.3 0.734 

Dried vegetable/pasta  

based meals
 

 197  20.3  26.2 10.7 0.008 

Dried desserts
 

 195  3.1  4.1 1.4 0.286 

 
        

Infant Jars/tins
         

Breakfast meals 
 

 203  38.9  40.9 35.5 0.443 

Meat based meals
 

 209  67  72.5 57.7 0.027 

Fish based meals
 

 205  53.2  56.2 48 0.260 

Vegetable/pasta/rice  

based meals
 

 

209 

 71.8  76.9 63.3 0.034 

Milk/cereal based meal 
 

 207  69.1  69.5 68.4 0.859 

Pure fruit puree
 

 208  82.2  82.2 82.3 0.984 

Other fruit desserts
 

 187  36.4  36.5 36.1 0.955 

 
        

Family foods
         

Weetabix
 

 206  66.5  67.7 64.6 0.640 

Other breakfast cereals
 

 201  41.3  38.1 46.7 0.233 

Potatoes, boiled/mashed
 

 206  95.1  96.9 92.1 0.121 

Chips / roast potatoes 
 

 200  39  36.9 42.3 0.443 

Carrots
 

 210  99  99.2 98.7 0.716 

Other root vegetables  207  98.1  97.7 98.7 0.584 

Rice  205  72.7  70.6 75.9 0.406 

Pasta  207  89.4  89.8 88.6 0.779 

Chicken/turkey  207  87.4  88.4 86.1 0.642 

Sausages/burgers  204  32.8  34.1 30.8 0.620 
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  Valid  Consumers  Age of solids introduction  

Food type  n  %  <6months ≥6months P* 

Red meat  

(beef, lamb, pork) 

 208  78.4  80.6 74.7 0.313 

Liver, kidney, heart etc.  203  5.4  7 2.7 0.185 

White fish  208  78.4  79.2 76.9 0.696 

Tuna  146  43.2  40.6 48 0.393 

Oily fish  204  55.4  55.5 55.3 0.977 

Eggs/quiche  208  63.9  64.6 62.8 0.794 

Cheese  205  86.3  87.5 84.4 0.533 

Baked beans  205  51.7  46.9 59.7 0.074 

Other beans/pulses   203  64.5  64 65.4 0.841 

Peas/green beans  208  89.9  87.7 93.6 0.172 

Green leafy veg   208  94.7  96.2 92.3 0.230 

Tinned tomatoes  150  54.7  54.7 54.5 0.982 

Other cooked vegetables  198  87.9  86.8 89.6 0.551 

Raw veg and salad  203  61.1  57.5 67.1 0.173 

Yoghurt/fromage frais  207  92.3  94.6 88.5 0.111 

Milk puddings  205  49.3  48.8 50 0.870 

Cooked fruit  205  75.6  76.2 74.7 0.807 

Banana  208  96.6  96.9 96.2 0.787 

Oranges/satsumas/ 

kiwis/strawberries 

 208  73.6  71.3 77.2 0.349 

Other fresh fruit  195  84.1  83.7 84.7 0.856 

Soya/ veggie burgers  204  10.3  11.8 7.8 0.360 

Quorn  205  6.8  7.8 5.2 0.472 

Peanuts/Peanut butter  205  16.1  13.4 20.5 0.178 

Other nuts  203  9.4  8 11.5 0.400 

White bread/toast  207  72.5  66.7 82.1 0.016 

Brown bread/toast  205  82.9  85.2 73.2 0.274 

Crackers/breadsticks  207  65.7  63.4 69.7 0.351 

Biscuits  207  50.2  47.7 54.4 0.344 

Cakes/buns/pastries  206  20.9  19.5 23.1 0.544 

Crisps  206  17.5  16.4 19.2 0.605 

Chocolate   207  20.8  22.5 17.9 0.436 

Sweets  204  1.5  1.6 1.3 0.874 

Ice cream  152  28.3  27.1 30.4 0.666 
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  Valid  Consumers  Age of solids introduction  

Food type  n  %  <6months ≥6months P* 

         

Drinks         

Baby fruit juice  207  18.4  20.9 14.1 0.219 

Other fruit juice  206  23.3  26 19 0.248 

Ribena/Hi-juice  

blackcurrant squash 

 

203 

 1  0.8 1.3 0.724 

Other squash  203  2.5  3.2 1.3 0.391 

Ribena lite/ 

diet blackcurrant squash 

 203  2.5  2.4 2.6 0.923 

Other low calorie squash  205  5.4  6.3 3.9 0.469 

Fizzy drinks  205  0.5  0.8 0 0.437 

Tea  204  2.9  3.1 2.6 0.821 

Water  209  97.6  96.9 98.7 0.406 

*Chi squared tests, comparing < 6 months with ≥ 6 months 

 

5.3.5 Feeding problems  

Feeding difficulties were reported by parents between 19-49% of infants. There were no 

statistically significant differences in the prevalence of feeding problems between the 

complementary feeding groups apart from overeating, whereby infants introduced to solids 

before six months were more likely to be reported to overeat  than those introduced to 

solids after six months (p=0.017). Looking at odds ratios for each feeding problem, neither 

the unadjusted nor adjusted models were statistically significant for having  any feeding 

difficulty, consuming insufficient amounts of food, refusing to eat the right food, being 

choosy with food and not being able to establish an eating routine. Infants who were 

introduced to solids before 6 months were over 3 times more likely to have overeaten as 

reported by parents, in the adjusted analysis. Breastfeeding duration was the only other 

significant predictor in the bivariate analysis (data not shown); however when we adjusted 

for it (Model 1), the association remained almost unchanged and still significant. However, 

adjusting for all the other demographic and infant feeding factors resulted in a non-

significant association (Model 2) (Table 5-5).  
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Table 5-5 Unadjusted and adjusted odds ratios (OR) for eating behaviours as reported by 

parents at 9 months of age and associations with age of solids introduction 

Eating behaviours 

(%yes) 

 Valid  All  Age of solids introduction  

 n  %  <6months ≥6months P* 

         

Any feeding difficulty   151  39.1  38.5 40 0.860 

OR unadjusted  151    0.94 (0.48, 1.85) 1.00 0.860 

OR adjusted Model 2  124    1.01 (0.45, 2.25) 1.00 0.983 

         

         

Insufficient amount of 

food 

 151  49  46.9 52.7 0.489 

OR unadjusted  151    0.79 (0.41, 1.54) 1.00
 

0.489
 

OR adjusted Model 1  149    0.98 (0.49, 1.97) 1.00
 

0.952
 

OR adjusted Model 2
 

 124    1.38 (0.62, 3.11) 1.00 0.432 
 

        

Refused to eat the right 

food
 

 151  28.5  25 34.5 0.211 

OR unadjusted
 

 151    0.63 (0.31, 1.30) 1.00 0.213 

OR adjusted Model 1
 

 149    0.75 (0.35, 1.58) 1.00 0.443 

OR adjusted Model 2
 

 124    0.94 (0.40, 2.22) 1.00 0.888 
 

        

Been choosy with food 
  151  44.4  44.8 43.6 0.891 

OR unadjusted
 

 151    1.05 (0.54, 2.04) 1.00 0.891 

OR adjusted Model 1
 

 149    1.31 (0.65, 2.65) 1.00 0.449 

OR adjusted Model 2
 

 124    1.51 (0.67, 3.40) 1.00 0.318 
 

        

Over eaten
  151  19.2  25 9.1 0.017 

OR unadjusted
 

 151    3.33 (1.19, 9.33) 1.00 0.022 

OR adjusted Model 1
 

 140    3.10 (1.09, 8.88) 1.00 0.035 

OR adjusted Model 2
 

 124    2.25 (0.74, 6.84) 1.00 0.154 
 

        

No feeding routine 

established
 

 151  13.2  10.4 18.2 0.176 

OR unadjusted
 

 151    0.52 (0.20, 1.35) 1.00 0.180 

OR adjusted Model 1
 

 149    0.60 (0.23, 1.58) 1.00 0.302 

OR adjusted Model 2
 

 124    0.59(0.18,  1.98) 1.00 0.397 

Model 1 adjusted for infant sex apart from the “Over-eaten” category where Model 1 was adjusted 

for breastfeeding duration. In the “Any feeding difficulty none of the variables examined in the 

univariate analysis were significant predictors and therefore Model 1 was omitted. 

Model 2 adjusted for breastfeeding duration, age of introduction of lumps, maternal age and infant 

sex 

 

5.3.6 Food preferences 

Preferences of fruits, vegetables and meat were very high in this population of infants with 

parents reporting high proportions of liking in all categories. There were no statistically 
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significant associations between age of solids introduction and fruit, vegetable or meat 

preferences.  There was also lack of variability with regards to fruit and vegetable 

preferences whereas meat appeared to be disliked by a larger proportion of infants 

introduced to solids after six months even though the difference was not statistically 

significant (Table 5-6). Median introduction of red meat was 7 months (IQR 6,8) with 

infants introduced to solids before six months starting to eat meat at 6 months (IQR 6,7) 

and those introduced to solids after 6 months at 7 months (IQR 7,8).  

 

Table 5-6 Differences between groups of infants introduced to solids before or after 6 

months for vegetable, fruit and meat preferences as reported by parents at 9 months 

  Valid  All  Age of solids introduction  

Preferences (% yes)  n  %  <6months ≥6months P* 

         

Likes vegetables   152  98  97.9 98.2 0.899 

Likes fruit   150  99.3  98.9 100 0.439 

Likes meat   139  92.1  94.4 88 0.181 

 

Looking at meat preference in more detail, none of the predictors examined individually 

was significantly associated with liking meat. In the 2 adjusted models using all socio-

demographic and infant feeding variables (Model 2) and just those with the lowest p values 

(Model 1), age of solids introduction was still not a significant predictor of meat 

preferences in this population of 9 month old infants (Table 5-7).The same non-significant 

results were obtained for Models 1 and 2 when age of solids introduction was used as a 

continuous variable (data not shown).   

 

 

 

 

 

 

 

 

 



 
171 

 

Table 5-7 Bivariate associations between meat preferences, age of solids introduction and 

several other potential predictors and adjusted models of meat preferences and age of 

solids introduction. 

  Meat Preferences (Likes Meat) 

 n B Wald χ
2
 OR 95% CI P 

       

Bivariate analysis       

Infant feeding practices       

Age of solids introduction (months) 139 -0.289 0.640 0.75 0.37, 1.52 0.424 

Age of solids introduction (< 6 months) 139 0.829 1.712 2.29 0.66, 7.93 0.191 

Breastfeeding duration (months) 132 0.026 0.073 1.03 0.85, 1.24 0.787 

Age introduced red meat (months) 115 -0.193 0.273 0.82 0.4, 1.7 0.601 

Age of intro of lumps (months) 139 -0.483 2.221 0.62 0.33, 1.17 0.136 

Socio-demographic factors       

Infant sex (male) 140 0.920 1.992 2.51 0.70, 9.00 0.158 

Maternal Education (years) 31 -0.191 0.725 0.83 0.53, 1.28 0.395 

Maternal education (≤18 years) 31 0.258 0.040 1.29 0.10, 16.04 0.841 

Maternal Age (years) 127 -0.031 0.138 0.97 0.82, 1.14 0.710 

       

Model 1       

Age of solids introduction (< 6 months)  135 0.415 0.367 1.51 0.40, 5.80 0.545 

       

Model 2       

Age of solids introduction(< 6 months)  96 -0.155 0.016 0.86 0.08, 9.68 0.900 

Variables defined as follows: Age of solids introduction in months (m), as well as in 2 groups (gr) 

(before and after 6 months):the age at which a food other than formula milk or breast milk was 

introduced for the first time, breastfeeding duration in months (m): the age at which the infants had 

their last breastfeed; Age of introduction of lumps in months (m): the age at which the first solids 

food with a lumpy texture was introduced; Maternal education in years as well as in 2 groups (gr) 

(before 18 years and 19 years or above): the age at which the mother finished full time education 

Model 1 adjusted for sex and age of introduction of lumps 

Model 2 adjusted for sex, age of introduction of lumps, breastfeeding duration, maternal age and 

age of meat introduction
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5.3.7 Food variety 

Overall the majority of infants had a high variety of vegetables, fruit and general diet. 

There were no significant differences in dietary variety between infants introduced to 

solids before or after six months as seen in Table 5-8.  

 

Table 5-8 Differences between groups of infants introduced to solids before or after 6 

months for vegetable, fruit and meat preferences as reported by parents at 9 months 

  Valid  All  Age of solids introduction  

High Dietary variety  (% yes)  n  n  <6months ≥6months P 

         

Vegetable variety   230  193  80.9 88.6 0.143 

Fruit variety   230  170  71.8 77.2 0.383 

Overall food variety   230  168  70.2 73.4 0.620 

 

 

The age of solids introduction (in months) was a significant predictor of high vegetable in 

the unadjusted bivariate analysis. This was not however the case when age of solids 

introduction was used as a categorical variable (before or after 6 months) or indeed any 

other of the potential predictive variables. In the adjusted models, the significance of age of 

solids introduction was lost (Table 5-9).  

 

Table 5-9 Bivariate associations between vegetable variety, age of solids introduction and 

several other potential predictors and adjusted models of vegetable variety and age of 

solids introduction. 

  High Vegetable variety 

 n B Wald χ
2
 OR 95% CI p 

       

Bivariate analysis       

Infant feeding practices       

Age of solids introduction 

(months) 

210 0.427 4.199 0.53 1.02, 2.31 0.040 

Age of solids introduction (<6 

months) 

210 -0.607 2.105 0.55 0.24. 1.24 0.147 

Breastfeeding duration (months) 211 0.104 2.860 1.11 0.98, 1.25 0.091 

Age of intro of lumps (months) 223 -0.126 0.517 0.88 0.63, 1.24 0.472 
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  High Vegetable variety 

 n B Wald χ
2
 OR 95% CI p 

Socio-demographic factors       

Infant sex (male) 224 0.154 0.178 1.17 0.57, 2.38 0.673 

Maternal Education (years) 80 -0.023 0.092 0.98 0.84, 1.14 0.762 

Maternal education (≤18 years) 80 0.659 0.839 1.93 0.47, 7.92 0.360 

Maternal Age (years) 212 -0.009 0.045 0.99 0.91, 1.08 0.833 

       

Model 1       

Age of solids introduction 

(months) 

195 0.359 2.132 1.43 0.88, 2.32 0.144 

       

Model 2       

Age of solids introduction 

(months) 

170 0.463 2.62 1.59 0.91, 2.78 0.104 

Variables defined as follows: Age of solids introduction in months (m), as well as in 2 groups (gr) 

(before and after 6 months):the age at which a food other than formula milk or breast milk was 

introduced for the first time, breastfeeding duration in months (m): the age at which the infants had 

their last breastfeed; Age of introduction of lumps in months (m): the age at which the first solids 

food with a lumpy texture was introduced; Maternal education in years as well as in 2 groups (gr) 

(before 18 years and 19 years or above): the age at which the mother finished full time education 

Model 1 adjusted for breastfeeding duration 

Model 2 adjusted for sex, age of introduction of lumps, breastfeeding duration, maternal age 
 

 

The age of solids introduction was not a significant predictor of fruit or overall food 

variety in all models (both adjusted and unadjusted). None of the potential predictors tested 

were found to be significant in both outcomes (Tables 5-10 and 5-11).  

 

5.3.8 Post-hoc sample calculation 

Post hoc power calculations showed that using an alpha value of 0.05 and 151 participants 

(in the unadjusted regression models), this study had 80% power to detect a moderate 

effect size of d = 0.22. 
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Table 5-10 Bivariate associations between fruit variety, age of solids introduction and 

several other potential predictors and adjusted models of fruit variety and age of solids 

introduction. 

  High Fruit variety 

 n B Wald χ
2
 OR 95% CI p 

       

Bivariate analysis       

Infant feeding practices       

Age of solids introduction 

(months) 

210 0.080 0.217 1.08 0.77, 1.52 0.641 

Age of solids introduction (<6 

months) 

210 -0.288 0.757 0.75 0.39, 1.43 0.384 

Breastfeeding duration 

(months) 

211 0.095 3.724 1.10 1.00, 1.21 0.054 

Age of introduction of lumps 

(months) 

223 -0.155 1.140 0.86 0.65,1.14 0.286 

Socio-demographic factors       

Infant sex (male) 224 -0.069 0.051 0.93 0.51, 1.70 0.821 

Maternal Education (years) 80 -0.091 1.483 0.91 0.79, 1.06 0.223 

Maternal education (≤18 years) 80 -0.160 0.097 0.85 0.31, 2.34 0.756 

Maternal Age (years) 212 -0.019 0.251 0.98 0.91, 1.06 0.616 

       

Model 1       

Age of solids introduction 

(months) 

195 -0.090 0.220 0.91 0.63, 1.33 0.639 

       

Model 2       

Age of solids introduction 

(months) 

170 -0.267 1.415 0.77 0.49, 1.19 0.234 

Variables defined as follows: Age of solids introduction in months (m), as well as in 2 groups (gr) 

(before and after 6 months):the age at which a food other than formula milk or breast milk was 

introduced for the first time, breastfeeding duration in months (m): the age at which the infants had 

their last breastfeed; Age of introduction of lumps in months (m): the age at which the first solids 

food with a lumpy texture was introduced; Maternal education in years as well as in 2 groups (gr) 

(before 18 years and 19 years or above): the age at which the mother finished full time education 

Model 1 adjusted for breastfeeding duration 

Model 2 adjusted for sex, age of introduction of lumps, breastfeeding duration, maternal age 
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Table 5-11 Bivariate associations between overall food variety, age of solids introduction 

and several other potential predictors and adjusted models of food variety and age of solids 

introduction. 

  High Overall food variety 

 n B Wald χ
2
 OR 95% CI p 

       

Bivariate analysis       

Infant feeding practices       

Age of solids introduction 

(months) 

210 0.091 0.295 1.10 0.79, 1.52 0.587 

Age of solids introduction (<6 

months) 

210 -0.158 0.245 0.85 0.46, 1.59 0.620 

Breastfeeding duration (months) 211 0.010 0.043 1.01 0.92, 1.11 0.836 

Age of intro of lumps (months) 223 -0.218 2.241 0.80 0.60, 1.07 0.134 

Socio-demographic factors       

Infant sex (male) 224 0.070 0.054 1.07 0.60, 1.93 0.817 

Maternal Education (years) 80 -0.011 0.036 0.99 0.88, 1.11 0.850 

Maternal education (≤18 years) 80 -0.236 0.191 0.79 0.27, 2.28 0.662 

Maternal Age (years) 212 -0.046 1.504 0.96 0.89, 1.02 0.220 

       

Model 1       

Age of solids introduction 

(months) 

204 0.221 1.559 1.25 0.88, 1.76 0.212 

       

Model 2       

Age of solids introduction 

(months) 

170 0.012 0.003 1.01 0.66, 1.55 0.955 

Variables defined as follows: Age of solids introduction in months (m), as well as in 2 groups (gr) 

(before and after 6 months):the age at which a food other than formula milk or breast milk was 

introduced for the first time, breastfeeding duration in months (m): the age at which the infants had 

their last breastfeed; Age of introduction of lumps in months (m): the age at which the first solids 

food with a lumpy texture was introduced; Maternal education in years as well as in 2 groups (gr) 

(before 18 years and 19 years or above): the age at which the mother finished full time education 

Model 1 adjusted for age of introduction of lumps 

Model 2 adjusted for sex, age of introduction of lumps, breastfeeding duration, maternal age 
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5.4 Discussion 

5.4.1 Main findings 

The aim of the study was to examine the association between the timing of solids 

introduction with respect to feeding problems, dietary variety and food preferences at 9 

months of age. The study showed that in this, Sussex infant population, which was highly 

selected as part of a larger study, infants who were introduced to solids before six months 

are over 3 times more likely to overeat compared to infants who were introduced to solids 

after 6 months, after adjusting for breastfeeding duration although the relationship 

disappeared when adjusting for socio-demographic confounders. The age of solids 

introduction was not an important predictor of other feeding problems, or of fruit, 

vegetable and overall food variety and meat preferences at 9 months, after adjusting for 

breastfeeding duration, age of introduction of lumpy solids, sex and maternal age.  

 

5.4.2 Description of sample characteristics 

Maternal characteristics across the whole sample were that of a predominantly white, 

older, non-smoking population with a high proportion of house ownership which suggests 

that the sample is drawn from a higher socioeconomic class. This is also reflected in the 

infants’ characteristics as in both groups infants were breast-fed for longer and were 

introduced to solids later compared to the national infant feeding survey (McAndrew et al. 

2012b)as well as other studies in the UK (Wright et al. 2004; Fewtrell et al. 2003; 

Anderson et al. 2001). Across the sample, 93% of infants were breast-fed at birth with 

almost 40% breastfeeding still at 9 months. Caton and colleagues (2011) found that 

mothers who breastfeed their infants irrespective of exclusivity or duration tended to 

introduce solids later than mothers who fed formula to their infants (22 weeks versus 18 

weeks). Therefore even though there were some significant differences between the two 

groups in terms of some socio-demographic characteristics, in real terms the whole sample 

is that of a fairly homogenous, higher socioeconomic class population and therefore results 

need to be interpreted under this light. As expected, infants who were introduced to solids 

after 6 months had all been breast-fed and a significantly lower proportion had had infant 

formula compared to those introduced to solids later. Consumption of family foods was 

high in both groups and use of organic infant foods was also very popular, further 

confirming the nature of the sample.   
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5.4.3 Feeding problems 

Approximately 25-40% of caregivers report feeding problems in their infants and toddlers 

in another study (Reau et al. 1996) and our results are in line with this observation. Due to 

the cross-sectional design of the study and the absence of concurrent growth rate data  it 

was not possible to establish how severe or persistent these issues were and if they had an 

impact on the infants’ growth and development.  

None of the feeding problems were predicted by age of solids introduction either as a 

categorical variable (to reflect the current infant feeding recommendations) or as a 

continuous variable (to detect any dose-response association), before or after adjustment 

for confounding factors. A possible reason for this could be that because the median ages 

of solids introduction between the two groups were quite close, the difference was not 

large enough to reach statistical significance in the regression models. Some feeding 

problems, such as neophobia and fussy eating are also heritable and it is yet not known the 

extent to which genetics influence the development and severity of feeding difficulties 

(Leathwood & Maier 2005). This may potentially be true for other feeding difficulties as 

well.  However there may be an interaction between genetic and environmental factors; for 

example parents who are themselves neophobic may provide a narrow range of foods to 

their infants (Blissett & Fogel 2013). We were not able to assess parental feeding problems 

so we were not able to establish their contribution to the infants’ feeding difficulties.  

The picture about overeating seems to be clearer; a much higher proportion of parents of 

infants introduced to solids before six months reported that their child had overeaten. In the 

statistically constructed model where duration of breastfeeding was the only other factor 

significantly associated with overeating, timing of solids introduction remained significant. 

As discussed in the previous chapter, exclusivity and duration of breastfeeding may be 

protective against obesity later in life (J A Scott et al. 2012; Hunsberger et al. 2013) and 

may facilitate better appetite regulation (Disantis et al. 2011; Robinson et al. 2013). 

However the fact that the relationship remained significant after accounting for t 

breastfeeding duration, suggests a possible independent association with the timing of 

solids introduction per se. Caton and colleagues found that mothers who introduced solids 

early to their infants worried less about their child becoming overweight but were 

concerned about their child’s hunger whilst recognising their fullness cues, in other words 

whilst acknowledging their infant may be overeating being unable to reduce their intake 

(Caton et al. 2011). None of the other characteristics were significant however in the 

theoretical model when socio-demographics were included the relationship disappeared. It 
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could be that due to the homogeneity of the sample or small size of sample these did not 

reach significance.  

 

5.4.4 Food preferences 

Surprisingly there was no variation in fruit or vegetable preferences between the 

complementary feeding groups and only 3-4 parents reported infants not liking these foods. 

Early feeding practices such as breastfeeding duration  and early introduction of fruit and 

vegetables have been shown to be associated with children’s intakes (Cooke et al. 2004), 

however we were not able to test this hypothesis due to the very small number of parents 

reporting fruit and vegetable dislikes. Children’s preferences are a reflection of the foods 

that they are familiar with and availability of fruits, vegetables at home seems to be an 

important predictor of preferences and intake (Savage et al. 2007). The direction of the 

association was that more infants liked fruit and vegetables particularly if they were 

introduced to solids later (although not significantly different than those introduced to 

solids before six months).  It could be argued that as the population is a long-term breast-

fed one with health aware highly educated mothers it is likely that fruit and vegetables 

were regularly consumed in the household and therefore infants were more exposed to 

them, be it through flavours in breast milk, or because of high exposure during weaning. It 

is known that parental modelling and repeated exposure are major contributors to fruit and 

vegetable acceptance (Savage et al. 2007). Infants’ first role model at the beginning of the 

complementary feeding period is their mother and the degree to which mothers consume 

fruit and vegetables or make those available to their infants will determine their acceptance 

and intake (Mennella & Ventura 2011). A study of 1291 children aged from 4 to 16 years 

in West London showed that the more familiar the food is, the more it is likely to be liked 

(Cooke & Wardle 2005). Parental consumption has been shown to be a highly significant 

predictor for fruit and vegetable intakes. Family feeding practices were also predictive of 

higher vegetable intake but not fruit (Cooke et al. 2004).  

Even though we did not have access to the information on maternal diet, available for this 

analysis, we can assume that because of their demographics these mothers are likely to 

have a high intake of fruit and vegetables themselves and therefore the infants are likely to 

have been exposed to these foods during weaning. In a recent study of older infants from 3 

countries (UK, Denmark, France), preferences for vegetables were linked to how many 

times they were offered them and in further analysis in the UK only, how often the mother 

consumed the vegetables herself (Ahern et al. 2013).  In qualitative interviews, Caton et al. 
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noted that mothers reported changing their own eating habits to include more vegetables in 

order to provide a good example for their infants (Caton et al. 2011).   The genetic element 

of food preferences should also not be overlooked.  Parental similarities of food 

preferences to the young children are weak but positive and increase as the child grows 

older  (Birch 1999). Therefore it can be argued that there are other factors that perhaps play 

a more important role in fruit and vegetable acceptance than age of solids introduction in 

this sample of infants.  

 

Age of meat introduction was significantly different between the two groups of infants (6.6 

versus 7.4 months); however it was not a significant predictive factor of meat preferences 

at 9 months. Meat was introduced later than other foods in the weaning process even in the 

group that started solids before six months and this was also evident in a study conducted 

in 2 European regions, one in  Germany and France (median age of meat introduction 7 

months in Germany and 6 months in France) (Maier et al. 2007). This is contrary to current 

infant feeding recommendations which advocate the introduction of meat of appropriate 

textures at the very beginning of weaning along with vegetables and fruit and starchy foods 

(British Dietetic Association 2013b). Meat liking and acceptance has not been previously 

looked into in great detail by many studies. As mentioned in the previous chapter, 

inclusion of highly bioavailable iron is very important in the early weaning period 

especially for infants who are introduced to solids after 6 months. However, when looking 

at meat preferences in more detail, none of the factors tested was associated with meat 

liking. A study by Schwartz and colleagues looked at the effect of duration of exclusive 

breastfeeding on different taste acceptance in infants at 6 and 12 months. They  found that 

duration of exclusive breastfeeding was associated with positive acceptance for umami 

taste (which contains glutamate, an element present in meats and other protein foods as 

well as some vegetables) at 6 months but not at 12 months but just as in our findings, the 

age of solids introduction was not associated with umami acceptance (Schwartz et al. 

2012).  

Similarly to fruit and vegetable preferences, it could be that there was still not enough 

variability in the sample to detect differences or that meat preferences are related more to 

maternal intakes or genetic predisposition. We know that children at the age of 2 to 3 years 

choose animal products and starchy foods and avoid vegetables; however there is high 

individual variability of their food choices which is probably related to previous food 

experiences (Nicklaus et al. 2005). This was not the case in our sample, where fruits and 

vegetables were more liked than meat. It is however important to explore how parents 
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assess a child’s preference to a particular food. It is well known  that  repeated exposure is 

key to food acceptance (Schwartz et al. 2009). Apart from increasing intakes of the 

repeated food it also increases acceptance for foods of similar taste and texture (Birch et al. 

1998).  Depending on the sensory properties of each food (some foods are more easily 

accepted than others), up to 8-10 exposures may be needed for food acceptance (Sullivan 

& Birch 1994; Birch et al. 1998). However in a study by Carruth and colleagues, only 6-

9% of caregivers offered a new food 6-8 times. The majority of parents offered a novel; 

food 3-5 times before deciding that their child did not like it and 25% offered new foods 

only 1-2 times (Carruth et al. 2004). Therefore as we do not know the number of repeated 

exposures of meat we cannot be sure how accurate the parental report of dislike to meat 

was.  

 

5.4.5 Dietary variety 

Age of solids introduction was a significant predictor of vegetable variety in the unadjusted 

analysis however this association diminished after adjusting for confounding factors.  

Timing of solids introduction was not a significant predictor in the other two categories 

before or after adjustment. This finding is consistent with a recent study by Scott and 

colleagues ( Scott et al. 2012) who looked at core food and fruit and vegetable variety in 2 

year old children in Australia. However in that study breastfeeding duration was a 

significant predictor of variety before and after adjustment for confounders. Also maternal 

age and education were significantly related, something that was not the case for our study. 

One possible explanation for this is that at 2 years children were more likely to be 

neophobic (Dovey et al. 2008) and therefore differences in dietary variety would be more 

evident in that age group as opposed to our 9 month old sample. Children of older mothers 

had generally tried fewer non-core foods, and liked a smaller proportion of non-core foods, 

however maternal age was not significantly related to the proportion of vegetables and 

fruits liked or tried (Howard et al. 2012). 

 Early variety not just in flavour, but also texture and colours drives the acceptance of new 

foods as seen in a study by Gerrish and Mennella, whereby  introducing a variety of 

vegetables facilitated the acceptance of a new food (chicken puree)  (Gerrish & Mennella 

2001) and this effect is further assisted by breastfeeding duration (Maier et al. 2008). 

Therefore the fact that a variety of fruit and vegetables were offered may have enhanced 

acceptance in other food groups and this could explain the high overall variety observed in 

both groups. In this study both groups were breast-fed for a long period of time which 
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could mean that infants were exposed to a variety of flavours both through breast milk and 

through complementary feeding concurrently. In a longitudinal study  examining food 

variety in 6-8 year old children in the United States, fruit variety was predicted by fruit 

variety in the first 2 years of life as well as breastfeeding duration (Skinner et al. 2002). 

Earlier introduction of solids has been related to children liking a greater proportion of 

non-core foods at age two (Howard et al. 2012), something we did not observe in our study 

population as there were no differences in non-core food consumption between the two 

groups. 

As mentioned before, the lack of association with socioeconomic and other infant feeding 

predictors even if not explained by the homogeneity of the sample may be also because of 

the influence of other factors such as parental preferences, modelling or parenting styles. 

Skinner showed that vegetable variety in 6-8 year old children was predicted by maternal 

vegetable preferences (Skinner et al. 2002). This could be the result of a combination of 

food availability (if a variety of foods is made available to them they will eat a more varied 

diet) and parental modelling  as infants tend to imitate the behaviour of parents so if the 

parent consumes a variety of different foods, the infant is more likely to do the same 

(Wardle & Cooke 2008). Parenting styles defined as the way the parents and child interact 

with respect to attitudes and behaviours may also play a part in shaping food habits. An 

authoritative parenting style, whose main components are setting rules whilst being 

responsive to the child’s cues, has been shown to elicit healthy eating habits although  

there is still no evidence of causality (Schwartz et al. 2011). A study of 502 French 

mothers with children aged between 20-36 months looking at the effect of maternal 

feeding practices and reported feeding difficulties found that predictive factors of 

children’s feeding problems included permissive style parenting, and strategies to avoid 

conflict during mealtimes such as preparing foods that are known to be liked by the child, 

which prevented exposure to a variety of foods (Rigal et al. 2012). 

 

5.5 Limitations 

The main strengths of this study are the relatively large sample size and the information on 

age of introduction of different types of solids foods. Fruit and vegetable variety were also 

assessed separately as opposed to combined in other studies. Also we were able to examine 

meat preferences which is not something routinely asked as most studies focus of fruit and 

vegetables. There are several limitations mainly due to the fact that the questionnaire was 

designed for the purpose of assessing a different outcome. We did not have available any 
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information on parental eating behaviours, their food preferences, intakes, parenting styles 

and weight which could have contributed to the interpretation of some of the results. We 

also had a large proportion of the cohort with missing data on educational status. Due to 

the cross-sectional design of the study it was not possible to ascertain any potential long-

term association between the timing of solids introduction and dietary variety, food 

preferences or feeding problems. In terms of the generalizability of the study findings, the 

characteristics of the study sample are those of a predominantly white, older and well 

educated group which may have different food habits than a less affluent population.  

Therefore it is likely that there has been a misestimation of fruit and vegetable preferences 

as well as overall dietary variety (evident from the fact that data was skewed towards the 

top end for all outcomes)  as it is known that in populations with less privileged 

backgrounds  dietary quality is lower (Burnier et al. 2011). Selection bias is very common 

and therefore the results need to be interpreted with this in mind.  

 

5.6 Chapter Summary 

In conclusion, age of solids introduction was not a significant predictor of food 

preferences, dietary variety and feeding difficulties in this population of 9 month old 

infants from an affluent socioeconomic background. More research needs to focus on other 

aspects of feeding and particularly at the role of parental feeding practices and attitudes 

towards food.  
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6 General Discussion  

6.1 Introduction 

The contribution of the thesis in further developing scientific knowledge lies in the 

examination of differences in outcomes between groups of infants defined by their age at 

solids introduction using the 6 month cut off point as advocated by WHO, as opposed to 4-

6 month cut off point used historically and  in the majority of studies so far.  In one study, 

growth, eating behaviours, diet and iron status have been examined with hands-on 

measurements and in another study eating behaviours, dietary variety and food preferences 

have been examined using questionnaires. Moreover, a detailed examination of the above 

parameters has been conducted in infants who followed baby-led weaning over a period of 

12 months compared to those who were spoon-fed, which has not been previously studied. 

A non-invasive method for measuring haemoglobin levels in infants was also tested in a 

community setting (participants’ homes). In this chapter the main findings will be 

summarised, the main methodological limitations will be discussed in more depth and 

implications for practice and further research will be outlined. There will be a description 

of the dissemination of the study findings so far and plans for further publications.  

The overall aims of this thesis were to assess the association between the age of solids 

introduction and growth, eating behaviours, diet and iron status in infants introduced to 

solids before or after six months and those who followed either baby-led weaning or were 

spoon-fed. An additional aim was to validate a novel non-invasive haemoglobin 

measurement device against a heel prick haemoglobin measurement method. The thesis 

contributes to the existing literature in the following ways: 

By following principally breast-fed infants for 12 months and examining differences in 

growth, eating behaviours, food and nutrient intakes and haemoglobin levels between those 

introduced to solids before and after 6 months i.e. those following as closely as possible 

the current infant feeding guidelines at an early and a later stage of the complementary 

feeding process as well as between those who followed baby-led weaning and those who 

were spoon-fed. 

By using a novel non-invasive technique to measure haemoglobin levels in 18 month old 

infants in their homes compared to results to a standard heel prick measurements method.  

By looking at the association between the age of solids introduction in a sample of mixed-

fed infants and later eating behaviours, dietary variety and food preferences.  
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6.2 Overview of main findings 

Infants in the Brighton’s Breast-fed Babies study had growth patterns within the healthy 

range of the WHO growth standards throughout the follow up period. At 8 months, there 

was a significant positive association between weight and BMI-for-age z score with age of 

solids introduction with infants introduced to solids later being larger than those introduced 

to solids earlier; however the differences diminished by 18 months and no other 

differences were observed in any of the remaining growth indices. These findings are in 

agreement with studies looking at later introduction of solids (after 4-5 months) where 

there does not seem to be a significant association between earlier and later solids 

introduction in weight, length or fat and lean mass (Mehta, et al, 1998) or in skinfold 

thickness (Baird et al. 2008) especially after adjustment for other confounding factors 

(Lande 2005). An interesting finding was the fact that infants who followed BLW were 

significantly larger (although within the healthy range of growth) than those who were 

spoon-fed both at 8 and 18 months. Since there has only been one study looking at BMI in 

BLW infants but was based on self-reported measures, it is not possible to interpret the 

result within the context of the wider literature.  

In terms of nutrient intakes, low intakes of calcium, zinc, iron and vitamin D were 

observed at 8 months, which have been identified as “problem nutrients” (Brown 2007; 

Foote & Marriott 2003) and agrees with a previous study of developed countries (Allen 

2005). Infants who were introduced to solids after 6 months had significantly lower intakes 

of riboflavin, Vitamin B6, Vitamin B12 and selenium at 8 months than infants who were 

introduced to solids before 6 months however there were no differences in the proportion 

of infants below the RNI in any of the nutrients. Low intakes of these nutrient could reflect 

low intakes of meat and other rich sources of these vitamins and minerals as suggested in 

several other studies (Krebs 2007; Park et al. 2012) Infants who followed baby-led 

weaning had significantly higher intakes of polyunsaturated fatty acids and lower intakes 

of riboflavin, Vitamin D and Iodine than those who were spoon-fed. At 18 months, 

Vitamin D intakes were still very low across the whole sample; however iron intakes were 

close to the recommended intakes as were the majority of other nutrients across both 

groups that were examined. The issue of low Vitamin D is widely known to be a problem 

in developed countries and especially in breast-fed infants (Braegger et al. 2013). Recently 

the England Chief Medical Officer in her annual report called for provision of vitamin D 

supplements (as part to the healthy start scheme) should be offered to all infants and 

children under 5, highlighting the current low intakes across all levels of socioeconomic 

status.   
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Haemoglobin levels were within the healthy range at 8 and 18 months across the whole 

sample and no significant differences were observed neither between infants introduced to 

solids before or after six months nor between those who followed baby-led weaning or 

spoon feeding. This was consistent with other studies looking at haemoglobin levels and 

age of solids introduction (Dewey, et al 1998)as well as haemoglobin levels in infants of 

the same age in large UK studies (Lennox et al. 2013; Emond et al. 1996). Haemospect® 

was not successful in providing valid haemoglobin measurements in 18 month old toddlers 

when compared to a heel prick measurement method. This is in contrast with the very good 

results obtained for neonates (Rabe et al. 2005; Rabe et al. 2010) but could reflect 

differences in skin thickness between the two age groups which could have had an impact 

in the way the white light was reflected back to the device.  

Infants in the Brighton’s Breast-fed Babies Study who were introduced to solids at or after 

6 months were reported to significantly under-eat when compared to infants introduced to 

solids before 6 months, although the growth measurements did not provide any evidence of 

compromised growth indices. This result was not mirrored in the GO-CHILD study when 

examining the same outcome, however, infants who were introduced to solids before 6 

months were more likely to overeat compared to those introduced to solids after 6 months; 

the association remained significant, after adjustment for breastfeeding duration but not 

when adjusted for other confounding factors. No significant differences were observed in 

eating behaviours at 18 months between infants in either of the two sets of groups. Age of 

solids introduction was not a significant predictor of any other eating difficulties, food 

preferences or dietary variety in this population of 9 month old infants after adjusting for 

confounding factors, which is consistent with current literature (Scott, et al, 2012) and 

highlights the potential effect of other parameters such as parental preferences, availability 

and exposure of foods and parenting styles (Schwartz et al. 2009; Nicklaus 2011). 

The aims of the Brighton’s Breast-fed Babies study (Chapter 3) were to assess growth, 

diet, iron status and eating behaviours in a sample of principally breast-fed infants 

stratified by early and late solids introduction as well as by mode of complementary 

feeding. Due to the small sample size, the study was not adequately powered to explore the 

research questions in depth and therefore the aims for this study were not met. The same 

was true for the validation of the Haemospect® device (Chapter 4) as the sample was 

drawn from the same population as above. In contrast, the GO-CHILD study aims (Chapter 

5) of assessing the association between the age of solids introduction and eating 

behaviours, food preferences and dietary variety were partially met; although the study was 
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adequately powered to detect a small effect size, the homogeneity of the sample meant that 

the results were not representative of a general population.  

 

The next section will explore these methodological limitations, compare them with similar 

issues from other studies and discuss their implications in the interpretation of the results. 

 

6.3 Methodological limitations 

The small sample size of the Brighton’s Breast-fed Babies study meant that the likelihood 

of type II error was very high which reduced the power to detect significant associations. 

Hence, statistically non-significant results may in fact have been significant, given an 

adequate study sample size. Type I error, namely that a significant relationship may not be 

true cannot be excluded either (Christley 2010). The small sample size also meant that it 

was not possible to conduct regression analyses and control for confounding factors that 

could have influenced differences in growth, iron status, diet or eating behaviours between 

the infant groups. According to Green, the minimum sample size for testing individual 

predictors in regression analysis is 104+k (k: number of predictors) (Green 1991). Miles 

and Shevlin have also estimated sample sizes for detecting different levels of power for 

different effect sizes depending on the number of predictors. For example for detecting a 

small effect size, with 5 predictors, a sample size of over 500 would be required (Miles & 

Shevlin 2001). The combination of breastfeeding for six months and introducing solids at 

six months remains rare, but as it is currently the practice recommended by health 

professionals to parents, its investigation on health outcomes is an important priority. 

Identifying and recruiting sufficient numbers of these participants remains a challenge, 

even on a national level. In the recent Diet and Nutrition Survey of Infants and Young 

Children (n=2683) only 2 children were exclusively breast-fed beyond 4 months both 

introduced solids between 4-6 months (n=329) (Lennox et al. 2013). 

A closer look in the recruitment strategy of the Brighton’s Breast-fed Babies study 

provided some insights of why recruitment was not successful and how this could be 

improved in future studies. Planning the recruitment process involved getting in touch with 

the local breastfeeding co-ordinator in order to establish links with the health visitors in the 

area and get a better understanding of the Brighton and Hove infant population. Two issues 

arose from the meeting with the breastfeeding co-ordinator. The relatively low number of 

mothers who exclusively breastfeed for six months as well as probable reluctance to take 

part in a research study. Breastfeeding rates in Brighton and Hove are higher than the 
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national average both in terms of initiation rates as well as drop off rates. Brighton is also 

considered to be a relatively affluent area consisting of health aware, highly educated 

professional couples and families. It was therefore felt that recruiting in the area although 

challenging, would still be feasible. It was thought that the best way to recruit would be to 

establish links with the local health visitors who could provide their clients with the 

promotional material for the study; potential participants would be more likely to take part 

in the study if the information came from a practitioner with whom they had a prior 

rapport. This approach was used in the recruitment of participants for the GO-CHILD 

study by their research team and proved successful. However, when local health visitors 

were approached they felt that it would be quite time-consuming on their behalf and due to 

the fact that they were already understaffed and their services over-stretched they were not 

able to assist with recruitment. Therefore recruitment consisted of advertisements in local 

GP surgeries, pharmacies and the local press, and personal visits to breastfeeding drop-ins 

and children’s clinics. Of these approaches the most successful ones were the face to face 

visits in clinics and breastfeeding drop ins which also led to snowballing. The main 

advantage for recruiting on the spot was that the potential participants had the chance to 

meet the researcher and develop a rapport prior to the home visits. Therefore the 

participants were reassured about the credentials of the researcher and were more likely to 

ask questions and get clarifications for the various stages of the study. The same principle 

was behind the success of snowballing. Participants who had already started the study were 

able to talk to their colleagues/friends about the experience and encourage them to take 

part. In a study such as this one which involved infants, invasive procedures and home 

visits, the building of trust between the researcher and the potential participants during the 

recruitment phase was vital.  

One of the other potential barriers to recruitment was timing. Recruitment was conducted 

mostly during autumn and winter months where there were considerably less numbers of 

potential participants attending group sessions or even going out. In this particular case, 

new mothers with young babies of 5-6 months of age were less likely to be out in colder 

conditions. The situation became more challenging as the swine flu epidemic made 

potential participants even more reluctant not only to take their infants out but also to allow 

a person into their homes. December and January were particularly bad months for 

recruitment as the snowfall meant that most of the breastfeeding drop-ins and clinics were 

either cancelled or the participants could not reach them due to the adverse weather 

conditions. In breastfeeding drop-ins and clinics the main challenge was the fact that most 

new mothers came to discuss a feeding problem or other issues relating to breastfeeding 
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their young babies. Therefore they were already pre-occupied and concerned with that and 

it was difficult to get their full attention and talk to them about the study. Also a lot of them 

were sleep deprived, tired and stressed dealing with a new baby so they were less likely to 

be in a position to commit to the study. The invasive nature of the study may have also 

contributed to the reluctance of some of the potential participants to get involved. Even 

though it was stressed in the participant information sheet and when recruiting in person 

that the blood collection was not compulsory, mothers were very sceptical and did not 

want to cause discomfort to their infants by allowing a heel prick.  

Because of the small number of the participants recruited it was essential that losses to 

follow-up were minimised. It is known that the longer the follow-up period, the more 

likely it is that participants will be lost. In order to minimise loses to follow up, a number 

of measures were put in place. Firstly for each participant there were at least 3 methods of 

communication along with a postal address: a landline phone number, an email address and 

a mobile phone number. This ensured that there were alternative ways of contact, should 

the participant move house for example in the meantime. At each home visit every 

participant was also reminded to inform the researcher of any change of address. The 

majority of participants were recruited from the breastfeeding drop-ins so during the 

recruitment period the researcher saw them regularly during the drop-ins and thus kept in 

touch on a regular basis. The main challenge in the follow-up period was the interval 

between the second and third visits (10 months). Contact was still maintained with all 

participants through birthday cards; Christmas wishes emails and a few participants also 

contacted the researcher directly to arrange the last home visit or to inform her of changes 

in their address. These strategies maximised the study retention rate. 

In summary, although the number of participants recruited was small, valuable lessons 

were learnt about the recruitment strategies that were more effective in this population 

group. The most important conclusion was that it was necessary to develop closer 

relationships with local healthcare professionals who had direct access to a large number of 

infants and who had already formed a good rapport with the mothers and their infants. 

Also, regular contact in between the study visits, ensured that loss to follow up was 

minimised.  

Generalizability of results from both studies was the second methodological limitation of 

the thesis. The sample of mothers were more likely to be older in age, more highly 

educated, home owners, non-smoking and from a white ethnic background than the general 

population of mothers and therefore results could not  be generalised beyond an affluent 

population. Selection bias is not uncommon in infant feeding research; it is known that 
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mothers who decide to breastfeed longer and introduce solids later to their infants come 

from a higher socioeconomic backgrounds (McAndrew et al. 2012a).  Baby-led weaning is 

also a practice more commonly found in samples with similar characteristics (Cameron et 

al. 2012). Although these results could not be  applied to a population from a lower 

socioeconomic background, the infant feeding practices described represent the ideal for 

the current feeding recommendations and just like the WHO growth standards, a target that 

all mothers of infants, irrespective of their socio-demographic background should be 

aiming for.  

6.4 Implications for research and practice  

Even though firm conclusions on growth, diet and iron status were not able to be drawn 

due to the small sample size of the cohort, mothers of infants who are principally breast-

fed for over 5 months as in this study, would benefit from the continued guidance and 

support from health professionals (health visitors, dieticians and paediatricians) especially 

in the first few months of the transition from breast milk to solids. Current guidance about 

raising awareness of the importance of iron after 6 months of age and encouragement to 

introduce rich sources of bioavailable iron as one of the first foods needs to be reiterated. 

Vitamin D supplements should also be encouraged and further attention needs to be drawn 

to the fact that organic products are not fortified with additional vitamins and minerals and 

therefore if mothers choose to use mostly organic products they need to ensure that a wide 

variety of foods is consumed to ensure that the infant is receiving adequate amounts of all 

nutrients. In terms of baby-led weaning, health professionals need to acknowledge its 

growing popularity and inform parents that there is still not enough evidence for or against 

the practice. In this study there was no evidence of growth faltering, anaemia or adverse 

eating behaviours in infants who were following baby-led weaning. However the above 

infant feeding advice would benefit these infants as well and ensure that they are receiving 

sufficient nutrients to fulfil their requirements for growth and development.  

The GO-CHILD study, due to its larger sample size, provided more robust evidence of the 

association between the age of solids introduction and eating behaviours, food preferences 

and dietary variety. The evidence suggested that in terms of eating behaviours, preferences 

and dietary variety, the age of solids introduction was not a significant predictor. Health 

professionals could therefore stress the importance of parents as role models for shaping 

children’s preferences are well as the impact of effective parenting strategies in providing a 

variety of foods to infants. 
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6.5 Recommendations for future research 

Replicating the Brighton’s Breast-fed Babies Study with an adequate sample size would 

provide more robust evidence on the association between the age of solids introduction and 

health outcomes. A multicentre study would be an option worth considering in order to 

recruit sufficient numbers of participants following the current infant recommendations. 

Links with local health professionals and breastfeeding groups should also be considered 

as well as the use of social media to maximise recruitment rates. Iron intakes may be more 

usefully studied in conjunction with bioavailability, perhaps by examining when rich 

sources of iron are consumed together with iron enhancers or inhibitors. Iron status needs 

to be looked at using more than one indicator (such as ferritin and serum transferrin) and 

taking into consideration iron endowment from birth by looking at maternal iron status 

before and during pregnancy as well as the timing of umbilical cord clamping. 

Modifications to the Haemospect® device could be made and tested in a larger sample in 

order to access its effectiveness in measuring haemoglobin levels. In terms of eating 

behaviours, building from the evidence from the GO-CHILD study, further research should 

focus on other potential aspects that may play an important role such as parental food 

preferences, parenting styles and attitudes towards food, as well as parental BMI. 

 

6.6 Dissemination of findings 

The findings from this thesis have been disseminated to a variety of audiences through 

written and oral communications.  A poster on the preliminary results of the Brighton’s 

Breast-fed Babies Study was presented at the University of Brighton “Postgraduate Annual 

Research Presentation (PARP) day” in July 2010 and was awarded first prize. Delegates 

included other postgraduate students from the School of Pharmacy and Biomolecular 

Sciences, as well as lecturers and researchers from other departments of the Faculty of 

Science and Engineering.  In December 2010, a poster of the same study was presented at 

the “Research Symposium for Dietitians new to research” at the Institute of Child Health in 

London which led to a subsequent publication of the abstract in the Journal of Human 

Nutrition and Dietetics (Ntouva A., Rogers I., MacAdam A. 2011). We submitted a rapid 

response to the article by Fewtrell et al. in the British Medical Journal (BMJ) “ Six months 

of exclusive breast feeding: how good is the evidence?”  in February 2011 which was posted on 

the BMJ website (Ntouva, A., Emmett, P., MacAdam, A., Rabe, H., Ranganathan, S., 

http://eprints.brighton.ac.uk/10527/
http://eprints.brighton.ac.uk/10527/
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Williams, C. and Rogers 2011) 
2
.  We were invited to give a talk to neonatal nurses on the 

8 month results of the Brighton’s Breast-fed Babies Study at the “Neonatal Research 

Seminar” at the Royal Sussex County Hospital in May 2011. We presented a poster on the 

Brighton’s Breast-fed Babies Study data at the international conference  “Nutrition and 

Nurture in Infancy and Childhood” in Grange Over Sands, Cumbria, organized by the 

Maternal and Infant Nutrition and Nurture Unit (MAINN), School of Health, University of 

Central Lancashire in June 2011. The audience included midwives, health visitors, public 

health nutritionists, policy makers, researchers and distinguished academics in the field of 

infant feeding. We won 2nd place in a poster competition at the fifth “annual Surrey, 

Sussex and Kent Regional Paediatric and Neonatal Research Network Day” in conjunction 

with the Reproductive Health & Childbirth Local Specialty Group held at the Audrey 

Emerton Education Centre, Brighton. We presented a poster on the GO-CHILD Study data 

at the international conference “Nutrition and Nurture in Infancy and Childhood” in 

Grange Over Sands, Cumbria, in June 2013 the abstract of which will be published in the 

Journal of Maternal and Child Nutrition. An oral presentation entitled “Age of solids 

introduction, diet and food preferences in 9 month old infants” was given at the University 

of Brighton’s Doctoral College “Research Student Conference: Making Science 

accessible”. A manuscript entitled “Iron intakes and haemoglobin levels among breast-fed 

infants introduced to solids at or around six months” is currently under preparation and 

another journal paper based on GO-CHILD data will be drafted in the coming months.   

 

6.7 Conclusion 

Timing of solids introduction was not found to be an important predictor of food 

preferences, dietary variety and eating behaviours at 9 months. In the Haemospect® study, 

the non-invasive technique was not successful in measuring accurately haemoglobin levels 

at 18 months. The Brighton’s Breast-fed Babies Studies provided a unique opportunity to 

explore the feasibility of conducting a longitudinal study with infants who follow the 

current feeding recommendations. Even though firm conclusions on the association 

between the age of solids introduction and growth, diet and iron status could not be drawn 

from this small sample of infants, useful insights were gained with respect to the 

recruitment challenges in this area of research and recommendations for the design of 

                                                           
2
 Available at: http://www.bmj.com/rapid-response/2011/11/03/very-low-dietary-iron-intakes-normal-haemoglobin-

levels-8-months-among-ful (Assessed July 2013) 

 

http://www.bmj.com/rapid-response/2011/11/03/very-low-dietary-iron-intakes-normal-haemoglobin-levels-8-months-among-ful
http://www.bmj.com/rapid-response/2011/11/03/very-low-dietary-iron-intakes-normal-haemoglobin-levels-8-months-among-ful
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future studies were made. It is hoped that the insights gained into the challenges faced 

during these studies will assist in the successful design of future studies with similar 

population groups. 
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Appendix 1 

 

Supporting Documents for The Brighton’s Breast-fed 

Babies Study and the Haemospect® Study 
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Weight measurements 

Weight measurements will be taken by at 6, 8 and 18 months at the participants’ homes.  

Infants and toddlers will be weighed nude, without a nappy.  

Toddlers who are unsettled or distracted will be held by a parent and both weighed together. The 

parent’s weight can then be taken separately and subtracted from the total weight.  Alternatively the 

parent can sit on the scales, which are zeroed. The parent, while still on the scales, can holds the 

child and both can be weighed together, so the scales show the weight of the child only 

Measurements will be made in kilograms (kg) and grams (g).  

The scale should be zeroed and cleaned. A paper sheet can be put on the surface. 

The mother will place the infant on the scales.  

The infant should stay still for a few seconds until the measurement can be taken.  

The measurement will be taken and recorded. 

The scales will be cleaned as per instruction manual.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
220 

 

 

Length measurements 

Length measurements will be taken by at 6, 8 and 18 months at the participants’ homes.  

Up until a toddler’s second birthday, length is measured lying down . 

The length of the toddler should be measured without any clothing, including the nappy, which can 

distort the hips and shorten the length measurement.  

The mat should be clean. A paper sheet can be put on the surface. 

The mother will place the infant on the mat.  

Two people are needed to obtain an accurate length measurement. The toddler should lie on his or 

her back with one person (ideally the parent) holding the head against the headboard with both 

hands. The corner of the toddler’s eye should be in a vertical line with the middle of the ear (known 

as the Frankfort Plane). The researcher should gently flatten the knees and flex the ankles of the 

toddler to 90 degrees and bring the footboard up to the flat soles of the flexed feet.  

The length measurement is then read off the scale, to the nearest 1/2cm. 

A rollameter or a Holtain lying stadiometer is usually used. Most equipment is either self 

calibrating or comes with a one-metre standard measure with which to calibrate before use. 

It is important to correct for prematurity in the first two years of life. A toddler under two years of 

age, born at 31 weeks gestation, for instance, was born nine weeks early (40 – 31 = 9 weeks). This 

child’s corrected age will always be nine weeks less than his or her actual age since birth. When 

calculating the corrected age, subtract nine weeks from the actual age since birth date. For example, 

when the child is one year and 26 weeks old the corrected age will be one year and 17 weeks (26 – 

9 = 17 weeks). 
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Heel prick measurements 

 

Heel prick blood samples will be taken at 8 and 18 months at the participants’ homes 

The lancing device used will be Tenderfoot newborn (1mmx 2.5mm) blue/pink  

Make sure baby is in a warm room, wearing socks to keep heel warm. 

Ensure the infant is in a secure position, ideally cuddled by the parent  

Wash hands and put powder free gloves 

Ask parent to remove socks 

 

 

 Clean the area with antiseptic swab and wait until it 

dries.  

Apply a thin layer of paraffin 

 

  

 

 

Remove the device from its packaging 

   

 

 

 

 

Remove the safety clip 
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Select a safe incision site.  The heel prick should be 

performed  on the planter surface of the heel beyond the 

lateral and medial limits of the calcaneous.  

 

“Marked by a line extending posteriorly 

from a point between the 4th and 5th toes and running 

parallel to the lateral aspect of the heel, and a line 

extending posteriorly from the middle of the great toe 

running parallel to the medial aspect of the heel “ 

 

 

 

 

 

 

 

Before activating the device, ensure that the heel is warm and the 

device is placed firmly against the skin. The centre point of the 

device should be vertically aligned with the incision site and both 

ends of it should make light contact with the skin.   

 

 

 

 

 

Press the trigger and remove device.  

 

 

 

 

 

 

 

 
Wipe the first drop of blood with a sterile gauze 
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15.Transfer the blood drops with Plastic Pasteur pipettes to the 

suitable containers (lithium heparin for ferritin and EDTA for 

haemoglobin) without making direct wound contact with the 

pipette.  

16. Gently massage the heel for increasing blood flow and wait 

for capillary refill. Do not squeeze.  

 

 

 

 

 

 

17. Apply gentle pressure with gauze to stop bleeding. Place a 

plaster and dispose of sharps and other material.  

 

 

18. Make sure samples are properly labelled. Put samples in transfer box and deliver to the Royal 

Sussex Hospital as soon as possible.  
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Brighton’s Breast-fed Babies Study 

 

Cockcroft Building 

Brighton 

BN2 4GJ 

 

 

 

 

Tel:  

 

 

 

Permission to use questionnaire and food diary information 

 

All questionnaires and food diaries will be identified by a study number, and will have no names 

attached. Results will be used for statistical purposes only and not linked to named mothers or 

children. Participation in the study is voluntary, and you may withdraw from the study at any time. 

 

PARENTAL CONSENT 

 

The purposes and possible risks in taking part in this study have been explained to me.  

 

I agree to the information in the questionnaires and food diaries being used for research purposes. 

 

 

I am his/her parent (or guardian).  

 

Signed:……………………………………………………. 

 

Date:……………………………………… 

 

Name (PLEASE PRINT)……………………………………………………….. 

(Parent/Guardian) 

 

Name (PLEASE PRINT)……………………………………………………. (Study child) 

 

 
The Brighton’s Breast-fed Babies Study is covered by the University of Brighton’s Insurance scheme 
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Brighton’s Breast-fed Babies Study 

 

 

 

Cockcroft Building 

Lewes Road 

Brighton 

BN2 4G 

Parental consent for blood sampling  

                  Tel:  

Is your child taking any medication containing sulphonamides 

(such as Septrin or Cotrimoxazole)?     Y/N 

 

Is your child anaemic?       Y/N 
 

Does your child suffer from any clotting or bleeding disorders?  Y/N 
 

Has your child had an infection in the last 4 weeks?   Y/N 
 

Signed…………………………………………… 
 

Date.................................................................... 
 

Permission to use blood samples 

 

If sample 1 has been taken, you will be informed if analysis of the blood sample shows that your child is 

anaemic*. After that, the link between the blood sample results and your child’s name will be removed. The 

blood sample will be destroyed after analysis. Results will be used for statistical purposes only and not linked 

to named children. 

 

PARENTAL CONSENT 

 

The purposes and possible risks in having blood taken have been explained to me. (Please tick) 
 

 I agree to my son/daughter having blood samples taken for analyses for the “Brighton’s Breast-fed 

Babies” study: 

 

1.  Heparin sample for biochemical tests 

2.  EDTA sample for biochemical tests 

 
(Heparin and EDTA are substances that prevent blood from clotting so that the results from the blood test are valid) 
 

 I agree for the use of non-invasive white-light spectroscopy for haemoglobin measurements. 

 

I am his/her parent (or guardian). 

 

Signed: ……………………………………………………. 

 

Date: .................................................................... 

 

Name (PLEASE PRINT)……………………………………………………….. 

(Parent/Guardian) 

 

Name (PLEASE PRINT)……………………………………………………. (Study child) 

 

* Haemoglobin below 110 g/l or Ferritin below 12 micrograms/l. 

 
The Brighton’s Breast-fed Babies Study is covered by the University of Brighton’s Insurance scheme 
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Background questionnaire 

 

We would be very grateful if you could answer the following questions, to give us some 

background information on your pregnancy, your baby and your family. 

If you do not wish to answer any of the questions please leave blank. 

 

 

1. Your date of birth  Day  Month  Year  

 

2. Baby’s date of birth Day  Month  Year  

 

3. Baby’s due date  Day  Month  Year  

 

4. Baby’s birth weight   g OR lb oz 

 

5. Before the birth of your study child, how many pregnancies have you had which resulted in 

either a live birth or a still birth?  

 

6. Are you currently living with a husband or partner? 

 

Yes   No      (if no please go to question 8). 

 

7. Partner’s age  Years  

 

8. Including your study child, how many children do you have living with you in total?  

 

9.  What educational qualifications do you and your partner have? Please tick all that apply 

 

    You    Your partner 

 

GCSEs / O-levels        

A-levels        

Degree        

Postgraduate qualification      

No qualifications        

Other (please specify)   ________________  _______________ 

 

 

10. Your present job or last main job  

  

Actual job, occupation, trade or profession 

 

 ……………………………………………………………………………………... 

 

Hours worked per week:………………………. 

 

11. Your partner – present job or last main job  

 

Actual job, occupation, trade or profession 

 

 ……………………………………………………………………………………... 

 

Hours worked per week:………………………. 
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12.  Which ethnic group best describes you? 

 

a. White     f. Black African     

b. Indian     g. Chinese   

c. Pakistani     h. Mixed race   

d. Bangladeshi     i. Other    

e. Black Caribbean    (please describe)_____________ 

 

 

13.  Which ethnic group best describes your partner? 

 

a. White     f. Black African     

b. Indian     g. Chinese   

c. Pakistani     h. Mixed race   

d. Bangladeshi     i. Other    

e. Black Caribbean    (please describe)______________ 

 

 

14. Is your home:  

 

Being bought/mortgaged      

Owned – with no mortgage to pay     

Rented from council       

Rented from private landlord      

Other (please describe)       

................................................................................ 

 

15. Do you live in your own home or do you live with your parents or others? 

 

Live in own home    

Live with parents in their home   

Other situation (please describe)   

……………………………………………………………………………………………… 

 

16.a) Have you ever been a smoker? 

Yes, I am currently a smoker     

Yes, I used to smoke but have given up    

No, I have never smoked      

 

     b) If you are currently smoking, how many cigarettes/times a day are you smoking at the 

moment 

 

30+  25-29  20-24  15-19  

 

10-14  5-9  1-4    <1       

 

 

17) Were you prescribed any iron supplements during your pregnancy? 

 

Yes  

 

No  

 

If Yes, please describe ..........................................................................



 
 

 
 

GENERAL QUESTIONS about your baby’s food and drink  

We hope that by answering these questions you won’t have to keep repeating these details on the daily food questionnaire 

 

1. What type of milk does your baby have mostly? We understand that you may be using several different sorts of milk. Please add more detail if you would like to 

 

a. Breast milk:  

 

b. Formula milk:  infant   follow-on    soya   other formula  

 

If formula, which brand do you use? 

__________________________________________________________________________________________ 

 

 

c. Cows’ milk:  whole milk    semi skimmed milk   skimmed milk    

 

d. Soya milk (not formula)  

 

e. Other milk    

 

Please describe 

 

_________________________________________________________________________________________________________ 
We will assume that you have used the same milk throughout the day unless you tell us otherwise 

 

 

2. If using formula please describe how you make the feed. 

 

 Are scoops usually?  Rounded  flat  heaped    don’t use scoops  

 

 

3. Do you add anything else to the milk?  a. Yes  No  

 

If yes, please describe________________________________________________________________________________________ 
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b.  Number of times a day   

 

 

4. What sort of water does your baby usually drink? Tap water     Filtered water     Bottled water   
 

 

If bottled water which type and brand?  _______________________________________________________________ 

 

 

5. How many times a day does your baby drink from a   

 

 Bottle with a teat   Feeding cup with  lid   Cup without a lid  

 

 

6. To help us decide on the correct amount of fluids for drinks, please fill your baby’s cup with water to the usual level, then empty the water into a measuring jug 

and record here.    

Fluid Ounces  or Millilitres  Doesn’t use   

         (fl. oz.)   (ml)   a cup 

 

 

7. What age was your baby when you stopped breast-feeding?      weeks or  months 

              

              still breast feeding 

 

 

8. At what age did you introduce smooth, pureed foods to your baby’s diet e.g. baby rice? weeks or   months 

 

 haven’t introduced yet  
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If you have not yet introduced solid foods, you do not need to answer the rest of the questions on this questionnaire 
 

9.  If you started to give your baby solid foods before he was six months old, why did you do so? 

 

   Not applicable, waited until 6m  Felt baby was ready for solid food  Baby no longer satisfied by breast milk  

 

  Advice from partner    Advice from friends/relatives   Advice from health professional   

 

 Worried about baby’s weight or growth        Other reason, please describe 

 

____________________________________________________________________________________________________ 

 

____________________________________________________________________________________________________ 

 

 

 

10. What was the first type of solid food that you gave to your baby? (please describe) 

 

_________________________________________________________________________________________________________ 

 

 

11. At what age did you start giving foods with a lumpier texture e.g. noodles?    weeks or  months 

              

              haven’t introduced yet 

 

 

12. At what age did your baby start eating finger foods e.g. toast?     weeks or  months 

              

              haven’t introduced yet 

 

 

13. Does your baby have definite likes and dislikes as far as food is concerned? 
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   no, will eat almost anything       yes, quite choosy       yes, very choos 

 

14.  Since starting solid foods, do you feel that you have had difficulty feeding your baby  

 

   Yes, great difficulty  Yes, some difficulty    Yes, occasional difficulty 

 

   No, no difficulty   

 

15.  Since starting solid foods, has your baby at any time in the past 2 months:   

 

        Yes, worried    Yes, worried Yes, but did No, did not 

        me greatly me a bit not worry  happen 

            me 

  

 a) Not eaten sufficient amount of food         

 

 b) Refused to eat the right food          

 

 c) Been choosy with food           

 

 d) Over-eaten             

 

 e) Been difficult to get into an eating routine         

 

 f) Any other problems with feeding          

              (please describe) 

 ____________________________________________________________________________________________________  

 

 ____________________________________________________________________________________________________ 
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16. What type of margarine or butter do you usually use for your baby?          (If not used at all please go to question 17). 

Please give the full name and brand from the packet of the type used most often. 

 

 

 

17.  What type of bread does your baby eat most often?       

We will assume that you used the same bread and butter or margarine throughout the day. 

Please indicate on the food diary page if there are any times that a different bread, butter or margarine is used. 

 

White    brown    whole meal   

 

Granary   high fibre white  other                  

 

 

Please give full description ___________________________________________________________________________________ 

 

 

 

18. What size loaf do you usually use?        

 

Small loaf   medium loaf   large loaf  

 

How is your bread usually sliced? 

 

Sliced (thin)   sliced (medium)  sliced (thick)         unsliced  

 

 

19. Do you avoid giving your baby any of the following foods?  Yes  No          

 

Please tick all that apply 

a) poultry b) fish c) beef d) other red meat e) eggs 
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f) cheese g) milk h) butter i) nuts j) wheat/gluten 

k) other (please describe) 

 

 

20.  Is your baby on any kind of special diet?  Yes   No  

 

If yes, please describe________________________________________________________________________________ 

 

 

21. In your opinion, does your child eat differently than other children of the same age?  Yes  No  

 

 

If yes, please describe________________________________________________________________________________ 
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The Brighton’s Breast-fed Babies 

Study 

 

Food Diary 

 

Eight months old 

Date 

 

_____________________ 

 

Day of the week 

 

_____________________ 

 

Study number 

 

_____________________ 
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How to fill in the diary 

Now that your baby is eight months old we would like to look at his or her diet. Thank you very much for helping us by filling in these food diaries. 

Please could you record everything that your baby has by mouth for 3 days this week. There are 3 diary booklets, one for each day, with different pages for you to record 

what your baby eats and drinks. Start each diary booklet when you get up in the morning and fill in everything your baby eats and drinks for a 24-hour period until the 

same time the next day. Please choose one weekend day and two weekdays. They need not be one after the other. If any day is likely to be very difficult or unusual choose 

another day. It is very important that you do not change what your baby normally eats and drinks just because you are keeping this record. 

Try to fill in the pages as you go through the day as this is much easier and more accurate than trying to remember at the end of the day. If someone else looks after your 

baby for some of the time it would be most helpful if they could fill in the food given in the parts of the day when your baby is with them. 

When recording the food given please include the brand name (if known), portion size (using feeding jar size, cup or spoon size, weights from labels), any additions to the 

food (fats, oils, sugar/sweeteners, sauces, salt, pepper etc.) and cooking methods (fried, grilled, micro-waved, roasted). We have given you a booklet “How to describe your 

baby’s food and drink” which shows you the sort of detail we need, and there are also some examples given in the diary.  

 Recipes/homemade dishes 

If your baby has eaten any homemade dishes e.g. chicken casserole, please record the name of the recipe, ingredients with amounts (including water or other fluids) for 

the whole recipe, the number of people the recipe is for, and the cooking method. Record how much of the whole recipe your toddler ate. 

Take-aways and eating out 

If your baby has eaten take-aways or made up dishes not prepared at home such as at a restaurant or a friend’s house, please record as much detail about the ingredients 

as you can e.g. spaghetti with mince, onion and tomato sauce.  

Labels/wrappers  

These are an important source of information for us. It helps us a great deal if you enclose, in the plastic bag provided, labels from all ready meals, labels from foods of 

lesser known brands and also from any supplements your baby takes. 

Our researcher will go through the food diaries with you at her next visit. If you can’t manage all 3 days then one or two complete diaries are still very useful to us. 
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Please complete the inside pages as you go through the day and this page at the end of the day. 

Please put a     in the box beside your answer 

 

1. Did anyone else look after your baby during any mealtimes today? 

 

No   Yes      If yes please indicate which meals. 

 

Breakfast  Midday meal  Evening meal   

 

Who looked after your baby at these mealtimes?  Partner  Relation  

 

Friend   Nanny or   Nursery  Playgroup  Other    __________________ 

   minder 

 

2. As far as you know was all the food and drink taken by your baby during this 24 hours recorded? 

 

Yes   Not sure   No   

 

3. Was the food and drink for this 24 hours fairly typical of your baby? 

 

Yes   No   

 

If no, please describe how it differed from normal and if your baby was unwell during this 24 hours. 

 

__________________________________________________________________________________________________________________________ 

__________________________________________________________________________________________________________________________ 
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Has anyone else looked after your baby today?  Yes   No  

Please record any parts of this 24-hour period when someone else looked after your baby. 

 

                     Start Time                                                           Return Time                                                                          Time 

                       (e.g. 9.30am)                                                    (e.g. 12.00 noon)                                                                  elapsed 
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Record here any FOODS your baby EATS in this 24 hours. 

See following sections to record milk-feeds and other drinks. 

Please start each food on a new line 

 

Each day is divided into time intervals, from before breakfast to the evening meal and through the night. Please find the appropriate time interval and write in the time 

when your baby eats something. Don’t forget to include snacks like sweets, chocolate, biscuits, crisps, ice cream or fruit and spreads e.g. margarine .Also include any sugar 

added to cereals or drinks.  

 

 

YOUR BABY’S FOOD 

Time interval Time Description of food and amount eaten 

Please give as much detail as possible including the raw ingredients and cooking method of all homemade foods. Also please give us 

a full description, including the brand and flavour, of other meals given with any liquid, sauces or foods you added. 

Before 

Breakfast 

  

 

 

Breakfast 

 

 

 

  

Mid-morning   

 

 

 

 

 

 

 

Please tell us if you have used a different type of bread or margarine/butter from that recorded on the GENERAL FOOD AND DRINK QUESTIONS questionnaire. 
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Foods continued 

Record here all the FOODS your baby EATS, from lunchtime and through the rest of the day and evening, along with how much he or she ate. 

See following sections to record milk-feeds and other drinks. 

 

Time interval Time Description of food and amount eaten 

Please give as much detail as possible including the raw ingredients and cooking method of all homemade foods. Also please give us 

a full description, including the brand and flavour, of other meals given with any liquid, sauces or foods you added. 

Lunch 

 

 

  

 

 

Tea  
Between lunch 

and evening 

meal 

 

 

  

 

Evening meal 

 

 

 

 

  

Later evening 
and through the 

night 

  

 

 

 

 

 

 

 

Please tell us if you have used a different type of bread or margarine/butter from that recorded on the GENERAL FOOD AND DRINK QUESTIONS questionnaire. 
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If your baby has a MILK-FEED at any time during this 24 hours, please fill in this section. 

 

 

Time 

 

Bottle/cup feed of milk                                                           

How much did your baby drink?                                         

Fluid ounces (fl. Oz.) or Millilitres (ml) 

Breast feed  

 

Number of minutes the feed lasted 
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Whatever other DRINKS your baby has, including water, in this 24 hours can be recorded here. 

Please find the appropriate time slot and then record the time your baby has a drink. 

Note the type of fruit juice, squash or fizzy drink etc. Please also include and vitamins or medicines on this sheet. 

 

Time interval Time Full description and/or brand of 

drink. 

Please remember any vitamins or 

medicines. 

Did you dilute 

with water? 

yes/no 

How much 

concentrate did you 

use? 

Did you add 

sugar? 

Number of 

teaspoons? 

How much did your baby 

drink? 

Before breakfast  

 

     

Breakfast       

Mid-morning       

Lunch       

Tea – between lunch 

and evening meal 

 

 

 

 

 

     

Evening meal  

 

     

Later evening – and 

through the night 
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Please write any notes, comments or questions here. 

 

GENERAL QUESTIONS about your baby’s food and drink (18 months) 

We hope that by answering these questions you won’t have to keep repeating these details on the daily food questionnaire 

 

1. What type of margarine or butter do you usually use for your baby? 

(If not used at all please go to question 2). 

Please give the full name and brand from the packet of the type used most often. 

 

 

2. What type of bread does your baby eat most often? 

We will assume that you used the same bread and butter or margarine throughout the day. 

Please indicate on the food diary page if there are any times that a different bread, butter or margarine is used. 

 

White    brown    whole meal  

 

Granary   high fibre white  other   

 

Please give full description  ___________________________________________________________________________________ 

 

 

3. What size loaf do you usually use?  

 

Small loaf   medium loaf   large loaf  

 

How is your bread sliced? 

 

Sliced (thin)   sliced (medium)  sliced (thick)         unsliced  

 

 

4. Do you avoid giving your baby any of the following foods?  Yes   No  
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Please tick all that apply 

a) poultry b) fish c) beef d) other red meat e) eggs 

f) cheese g) milk h) butter i) nuts j) wheat/gluten 

k) sugar l) other (please describe) 

 

 

5.  Is your baby on any kind of special diet? 

 Yes   No  

 

If yes, please describe________________________________________________________________________________ 

 

6. What type of milk does your baby have mostly. We understand that you may be using several different sorts of milk. Please add more detail if you would like 

 

a. Breast milk:  

 

b. Formula milk:  infant   follow-on    soya   other formula  

 

If formula, which brand do you use? 

 

_________________________________________________________________________________________________________ 

 

 

c. Cows’ milk:  whole milk    semi skimmed milk   skimmed milk    

 

d. Soya milk (not formula)  

 

e. Other milk    

 

Please describe 
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_________________________________________________________________________________________________________ 
We will assume that you have used the same milk throughout the day unless you tell us otherwise 

 

 

7. If using formula please describe how you make the feed. 

 

 Are scoops usually?  Rounded  flat  heaped    don’t use scoops  

 

 

8. Do you add anything else to the milk?  a. Yes  No  

 

If yes please describe________________________________________________________________________________________ 

 

 

b.  Number of times a day   

 

9. What sort of water does your baby usually drink? Tap water     Filtered water     Bottled water   

 

If bottled water which type and brand?  _______________________________________________________________ 

 

 

10. How many times a day does your baby drink from a   

 

 Bottle with a teat   Feeding cup with  lid   Cup without a lid  

 

 

11. To help us decide on the correct amount of fluids for drinks, please fill your baby’s cup with water to the usual level, then empty the water into a measuring jug 

and record here.    

Fluid Ounces  or Millilitres  Doesn’t use   

         (fl. oz.)   (ml)   a cup 
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12. Baby’s first solid foods are normally smooth purees.  

At what age did you start giving foods with a lumpier texture e.g. noodles?    weeks or   months 

              

              haven’t introduced yet 

 

13. At what age did your baby start eating finger foods e.g. toast?     weeks or  months 

              

              haven’t introduced yet 

 

 

14. What age was your baby when you stopped breast feeding?      weeks or  months 

              

              still breast feeding 

 

15. Does your baby have definite likes and dislikes as far as food is concerned? 

 

   no, will eat almost anything       yes, quite choosy       yes, very choosy 

 

 

 

16.  Do you feel that you have had difficulty feeding your baby since he/she was eight months old 

 

   Yes, great difficulty  Yes, some difficulty    Yes, occasional difficulty 

 

   No, no difficulty 
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17.  Has your baby at any time in the past 2 months:  

        Yes, worried    Yes, worried Yes, but did No, did not 

        me greatly me a bit not worry  happen 

            me 

  

 a) Not eaten sufficient amount of food           

 

 b) Refused to eat the right food            

 

 c) Been choosy with food            

 

 d) Over-eaten              

 

 e) Been difficult to get into an eating routine          

 

 f) Any other problems with feeding           

              (please describe) 

 ____________________________________________________________________________________________________  

 

 ____________________________________________________________________________________________________ 

 

 

18. In your opinion, does your child eat differently than other children of the same age?  Yes  No  

 

 

If yes, please describe________________________________________________________________________________ 
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The Brighton’s Breast-fed Babies 

Study 

 

Food Diary 

 

Eighteen months old 

Date 

 

_____________________ 

 

Day of the week 

 

_____________________ 

 

Study number 

 

_____________________ 
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How to fill in the diary 

Now that your baby is eighteen months old we would like to look at his or her diet again. Thank you very much for helping us by filling in these food diaries. 

Please could you record everything that your baby has by mouth for 3 days this week. There are 3 diary booklets, one for each day, with different pages for you to record 

what your baby eats and drinks. Start each diary booklet when you get up in the morning and fill in everything your baby eats and drinks for a 24-hour period until the 

same time the next day. Please choose one weekend day and two weekdays. They need not be one after the other. If any day is likely to be very difficult or unusual choose 

another day. It is very important that you do not change what your baby normally eats and drinks just because you are keeping this record. 

Try to fill in the pages as you go through the day as this is much easier and more accurate than trying to remember at the end of the day. If someone else looks after your 

baby for some of the time it would be most helpful if they could fill in the food given in the parts of the day when your baby is with them. 

When recording the food given please include the brand name (if known), portion size (using feeding jar size, cup or spoon size, weights from labels), any additions to the 

food (fats, oils, sugar/sweeteners, sauces, salt, pepper etc.) and cooking methods (fried, grilled, micro-waved, roasted). We have given you a booklet “How to describe your 

baby’s food and drink” which shows you the sort of detail we need, and there are also some examples given in the diary.  

 Recipes/homemade dishes 

If your baby has eaten any homemade dishes e.g. chicken casserole, please record the name of the recipe, ingredients with amounts (including water or other fluids) for 

the whole recipe, the number of people the recipe is for, and the cooking method. Record how much of the whole recipe your toddler ate. 

Take-aways and eating out 

If your baby has eaten take-aways or made up dishes not prepared at home such as at a restaurant or a friend’s house, please record as much detail about the ingredients 

as you can e.g. spaghetti with mince, onion and tomato sauce.  

Labels/wrappers  

These are an important source of information for us. It helps us a great deal if you enclose, in the plastic bag provided, labels from all ready meals, labels from foods of 

lesser known brands and also from any supplements your baby takes. 

Our researcher will go through the food diaries with you at her next visit. If you can’t manage all 3 days then one or two complete diaries are still very useful to us. 
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Please complete the inside pages as you go through the day and this page at the end of the day. 

 

Please put a     in the box beside your answer 

 

1. Did anyone else look after your baby during any mealtimes today? 

 

No   Yes      If yes please indicate which meals. 

 

Breakfast  Midday meal  Evening meal   

 

Who looked after your baby at these mealtimes?  Partner  Relation  

 

Friend   Nanny or   Nursery  Playgroup  Other    __________________ 

   minder 

 

2. As far as you know was all the food and drink taken by your baby during this 24 hours recorded? 

 

Yes   Not sure   No   

 

3. Was the food and drink for this 24 hours fairly typical of your baby? 

 

Yes   No   

 

If no, please describe how it differed from normal and if your baby was unwell during this 24 hours. 

 

__________________________________________________________________________________________________________________________
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Has anyone else looked after your baby today?  Yes   No  

 

 

Please record any parts of this 24-hour period when someone else looked after your baby. 

 

                     Start Time                                                           Return Time                                                                          Time 

                       (e.g. 9.30am)                                                    (e.g. 12.00 noon)                                                                  elapsed 
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Record here any FOODS your baby EATS in this 24 hours. 

See following sections to record milk-feeds and other drinks. 

Please start each food on a new line 

 

Each day is divided into time intervals, from before breakfast to the evening meal and through the night. Please find the appropriate time interval and write in the time 

when your baby eats something. Don’t forget to include snacks like sweets, chocolate, biscuits, crisps, ice cream or fruit and spreads e.g. margarine .Also include any sugar 

added to cereals or drinks.  

 

 

YOUR BABY’S FOOD 

Time interval Time Description of food and amount eaten 

Please give as much detail as possible including the raw ingredients and cooking method of all homemade foods. Also please give us 

a full description, including the brand and flavour, of other meals given with any liquid, sauces or foods you added. 

Before 

Breakfast 

 

  

Breakfast   

 

 

 

 

Mid-morning 

 

  

 

 

 

 

 

 

 

Please tell us if you have used a different type of bread or margarine/butter from that recorded on the GENERAL FOOD AND DRINK QUESTIONS questionnaire. 
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Foods continued 

Record here all the FOODS your baby EATS, from lunchtime and through the rest of the day and evening, along with how much he or she ate. 

See following sections to record milk-feeds and other drinks. 

 

Time interval Time Description of food and amount eaten 

Please give as much detail as possible including the raw ingredients and cooking method of all homemade foods. Also please give us 

a full description, including the brand and flavour, of other meals given with any liquid, sauces or foods you added. 

Lunch 

 

 

  

 

 

Tea  
Between lunch 

and evening 

meal 

 

 

  

 

 

 

Evening meal 

 

 

 

 

 

 

 

  

Later evening 
and through the 

night 

  

 

 

 

Please tell us if you have used a different type of bread or margarine/butter from that recorded on the GENERAL FOOD AND DRINK QUESTIONS questionnaire. 
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If your baby has a MILK-FEED at any time during this 24 hours, please fill in this section. 

 

 

Time 

 

Bottle/cup feed of milk                                                           

How much did your baby drink?                                         

Fluid ounces (fl. Oz.) or Millilitres (ml) 

Breast feed  

 

Number of minutes the feed lasted 
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Whatever other DRINKS your baby has, including water, in this 24 hours can be recorded here. 

Please find the appropriate time slot and then record the time your baby has a drink. 

Note the type of fruit juice, squash or fizzy drink etc. Please also include and vitamins or medicines on this sheet. 

 

Time interval Time Full description and/or brand of drink. 

Please remember any vitamins or 

medicines. 

Did you dilute 

with water? 

yes/no 

How much 

concentrate did you 

use? 

Did you add 

sugar? 

Number of 

teaspoons? 

How much did your baby 

drink? 

Before 

breakfast 

 

 

 

     

Breakfast       

Mid-morning       

Lunch  

 

     

Tea – between 

lunch and 

evening meal 

 

 

 

 

 

     

Evening meal  

 

 

     

Later evening 

– and through 

the night 

 

 

     

 

Please write any notes, comments or questions here.
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Supporting Documents for The GO-CHILD Study 
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9 month diet questionnaire                                                                 IR/Version 2.0/Jul’10 

 

My baby‟s nine-month feeding questionnaire 
 

Now that your baby is nine months old, we would like to ask you some questions 

about their feeding. 
 

All babies are different and have different 

likes and dislikes. There are no right or 

wrong answers, please just give the answer 
that is most accurate in your opinion. 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 
 

 

 

If you made notes about what 
your baby has been eating and  

drinking in your baby‟s „Red Book‟/health 

book you might find it helpful to look at them 

when answering this questionnaire. 

 

Thank you for taking the time to answer our questions. We 
hope that your answers will help us to advise parents in the 

future about the best way to feed their babies. 
 
 

Name of Child: ………………………………………           Bar Code Sticker 

 

CHI / NHS Number: …………………………………… 

 

What date did you fill in this questionnaire: ______________ MONTH ________ DAY 

 

Questionnaire filled in by Mother                    Father     

                                                 
                                        Other (please describe relationship to baby)    

 

                                        _________________________________________ 
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9 month diet questionnaire                                                                 IR/Version 2.0/Jul’10 

 

Barcode sticker 

 

Milk feeds 
 

1 Has your baby ever had any of the following milk types since birth? Please 

include milk used for mixing with solids or used in cooking 

 No Yes Age started (months) 
 

a) breast milk   ………………….. 

 

a) ordinary formula   ………………….. 
 

b) follow-on formula   ………………….. 

 

c) ordinary cow‟s milk   ………………….. 
 

d) goat‟s/sheep‟s milk   ………………….. 

 

e) hypo-allergenic formula   ………………….. 

 
f) soya milk (please specify)   ………………….. 

 

g) other milk (please specify)   ………………….. 

  
   ___________________________________  

 

2. Did you ever put your baby to the breast, even for a single feed?                                                                                 

 
Yes         No    (If no then please go to question 4)    

  

3. Are you still breastfeeding?  

 

Yes     If yes, roughly how many times in a typical day ……………….. 
 

No      If no, how old was your baby when they had their last breastfeed                                                 

                   

               …….. months or………weeks 
 

4. During the past week how many bottle or cup feeds of infant formula or other 

milks (not breast milk) has your baby had on a typical day?  Please answer for each 

different milk, excluding breastmilk. Please give names of milks, e.g. SMA 1, Aptamil 
Hungry Milk 2, Heinz Nurture Follow On, Hipp Organic Good Night Milk etc. 

 

No bottle or cup feeds  (please skip to question 6) 

 

Type of milk (e.g. cow‟s milk, 

name of formula) 

How many 

bottles/cups per day 

Amount drunk from 

each bottle/cup 

   

…………ml or ……….oz 

   

…………ml or ……….oz 

   

…………ml or ……….oz 
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9 month diet questionnaire                                                                 IR/Version 2.0/Jul’10 

 

5. Has your baby regularly drunk any other brands or types of formula milk since 

they were born? Please give names and brands and age used if possible. 

 

Name of formula milk Age started Age stopped  

  

………...wks or ………mo 

 

………...wks or ………mo 

  

………...wks or ………mo 

 

………...wks or ………mo 

  

………...wks or ………mo 

 

………...wks or ………mo 

 

6. Do you ever add cereal to your baby‟s bottle? 

 
Yes always   Yes often   Yes sometimes   No never   

 

7. Do you add sugar to your baby‟s food or bottle? 

 

Yes always      Yes often   Yes sometimes   No never   
 

 

Solid foods and other drinks 

 
8. If you buy ready-prepared baby foods how often do you choose organic baby 

foods? 

 

Never    Sometimes     Most of the Time    All of the time   
   

Don‟t use ready made   

 

 
9. How many meals of solid or semi-solid foods does your baby eat each day now?     

 

__________ 

 

10. When did your child first start having meals with lumps in or finger foods (rather 
than purees)?    

 

                    ---------- months or ---------------weeks 

 
         Hasn‟t started meals with lumps or finger foods yet   
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9 month diet questionnaire                                                                 IR/Version 2.0/Jul’10 

 

11. Has your baby ever had any of the following foods and drinks?  

Please tick no or yes as appropriate. If yes, please tell us how old your baby was 

when they started having the food and how often they are having  it nowadays (if 
they have the food once a week or more, please fill in the column  for times a week, 

if it is less than once a week, please fill in the column for times a month). 

  

 No Yes Age Started 

(months) 

Times 

a week 

Times a 

month 

Dry baby foods      

Plain baby rice      

Flavoured baby rice      

Other cereal e.g. porridge      

Gluten free rusks      

Normal baby rusks      

Dried packet meal containing 
meat 

     

Dried packet meal containing 

fish 

     

Dried veg/pasta/rice based 

meals 

     

Dried desserts      

      

Jars, tins and pots of 

baby foods 

     

Breakfast meals e.g. 

porridge 

     

Meals containing meat      

Meals containing fish      

Vegetable, pasta or rice 

based meals 

     

Milk or cereal based dessert 

e.g. rice pudding, yoghurt, 

chocolate pudding 

     

Pure fruit puree      

Other fruit desserts      

      

Family foods      

Weetabix-type breakfast 

cereal 

     

Other breakfast cereals      

Potatoes, boiled/mashed      

Chips or roast potatoes, 

potato waffles etc. 

     

Carrrots      

Other root veg (e.g. sweet 
potato, swede, parsnip) 

     

Rice      

Pasta      

Chicken or turkey      

Sausages or burgers      

Red meat, beef, lamb, pork      
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9 month diet questionnaire                                                                 IR/Version 2.0/Jul’10 

 

 No Yes Age Started 
(months) 

Times 
a week 

Times a 
month 

Liver, kidney, heart etc.      

White fish e.g. cod, haddock, 

fish fingers etc. 

     

Tuna      

Other oily fish eg. salmon, 

trout, sardines, mackerel etc 

     

Eggs or quiche      

Cheese      

Baked beans      

Other beans and pulses e.g. 

lentils, chickpeas, butter 
beans, humus etc. 

     

Peas and green beans      

Green leafy veg e.g. 

broccoli, cabbage, sprouts 

     

Tinned tomatoes       

Other cooked veg      

Raw veg and salad      

Yoghurt/fromage frais      

Milk puddings e.g. custard, 

rice pudding, mousse 

     

Cooked fruit      

Banana      

Oranges, satsumas, kiwis, 
strawberries 

     

Other fresh fruit      

Soya/vege burgers and 

sausages etc. 

     

Quorn      

Peanuts or peanut butter      

Other nuts      

White bread or toast      

Brown/wholemeal bread or 

toast 

     

Crackers/breadsticks      

Biscuits      

Cakes, buns, pastries      

Crisps or similar snacks      

Chocolate      

Sweets      

Ice cream/ice lolly      

      

Drinks      

Baby fruit juice      

Other fruit juice      

Ribena/hi-juice blackcurrant 

squash (not low sugar) 

     

Other squash (not low 

sugar) 
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 No Yes Age Started 
(months) 

Times 
a week 

Times a 
month 

Ribena lite/low-sugar 
blackcurrant squash 

     

Other low-sugar squash      

Fizzy drinks      

Tea      

Water on its own      

 
 

12.  Has your baby had any other foods or drinks that we have not included? Please 

list any other foods and drinks below. 

 

Name of food or drink Age Started 

(months) 

Times a 

week 

Times a 

month 
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13. How much food does your baby normally eat at each meal? There are 

photographs of different jars and portion sizes at the end of the question to help you 

answer this. 
 

a) Savoury foods e.g. meat, vegetables, potatoes, pasta etc. 

 

What size is the jar? Small (stage 1)  OR Large (Stage 2)  
 

Proportion of a jar  ¼ or less      1/3     ½     2/3     ¾     whole jar  

 

OR number of teaspoons of food    ______ 
 

OR number of “ice cubes”              ______ 

 

OR  
Proportion of an “adult serving”  1/8 or less    1/6    ¼      1/3    ½ or more     

 

 

b) Pudding eg. rice pudding, yoghurts or fruit purees 

 
What size is the jar? Small (stage 1)  OR Large (Stage 2)  

Proportion of a jar  ¼ or less      1/3     ½     2/3     ¾     whole jar  

 

OR number of teaspoons of food     ______ 
 

OR number of “ice cubes”               ______ 

 
OR 

Proportion of an “adult serving”  1/8 or less    1/6    ¼      1/3    ½ or more     

 

1 teaspoon of food 2 teaspoons of food 4 teaspoons of food

Stage 1 jar Stage 2 jar

Shown in 16.5cm/6.5 inch diameter bowl
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14. How old was your baby when solid foods were first introduced? 

 
 ………months or ………weeks  

 

15. What was the first solid food he/she regularly ate? 

 
………………………………………………………………………………. 

 

16. Does your baby drink out of a cup? 

 
Yes, usually             Yes, sometimes            No, not at all     

 

 

17. Since your baby was born, have you given him/her any vitamins or mineral 
drops, including iron and fluoride drops   

 

    Yes   No      

 

If yes, please state which 
  Yes     No           Age started 

      Weeks  or  Months 

 

 
Healthy Start Vitamin A,C,D drops                    …………       .………… 

 

Iron drops                     …………       .………… 

 
Fluoride drops                     …………       .………… 

 

Other, please describe                     …………       .………… 

 

 
……………………………………………………….. 

 

18. Has your baby ever been given supplements of fish oil, hemp oil, evening 

primrose oil or other oils? 
 

No    Yes   

 

If yes   Age started 
   Weeks     or Months 

    

    

Name of oil…………………………………………………………        …………….      ……………….. 
 

19. Has your baby ever regularly consumed probiotics, either in yoghurt, or in 

another food or drink, or as a supplement? 

 

 Yes No      Age started 
    Weeks    or  Months 

 

                     ……………        ……………… 
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20.  Is your baby being brought up as a vegetarian or vegan? 

 

Yes, vegetarian      Yes, vegan       No   

 
21. Does your baby have definite likes and dislikes as far as food is concerned? 
 

 no, will eat almost anything       yes, quite choosy       yes, very choosy 

 

22. How much does your baby like the following foods? 
 

    Likes this    Quite likes    Does not really Will not      Has not 

                              very much     this                like this        eat this     tried this 

 
 

a) Meat            

 

b) Fruit            

 
c) Vegetables            

 

23.  Do you feel that you have had difficulty feeding your baby since he/she was 

eight months old 
 

 Yes, great    Yes, some    Yes, occasional         No, no        

     difficulty                  difficulty                    difficulty                     difficulty 

 
 

24.  Since he/she was six months old has your baby at any time 

 

     Yes, worried    Yes, worried    Yes, but did     No, did not 
       me greatly    me a bit      not worry        happen 

               me 

  

a) Not eaten sufficient amount        

    of food 
b) Refused to eat the right food        

 

c) Been choosy with food         

 
d) Over-eaten           

 

e) Been difficult to get into          

   an eating routine 
f) Any other problems with          

   feeding (please describe) 

  

___________________________________________________________________  

 
___________________________________________________________________ 

 

THANK YOU AGAIN FOR YOUR HELP IN FILLING IN THIS QUESTIONNAIRE. 

If you would like more information about the study, please contact  
Dr Konnie Basu at k.basu@bsms.ac.uk 
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