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Abstract"
Baby-Led Weaning (BLW) is an alternative approach to complementary feeding. Parents
offer ‘whole’ (baby-fist size) pieces of food, allow infants to feed themselves, include infants
at family meal times and offer family foods when practical. There is virtually no information
on BLW infants’ food and nutrient intakes, and there have been no randomised studies with
participants who were not self-motivated to choose a Baby-Led approach. The aim of this
thesis was to investigate the extent to which families are able to adhere to a Baby-Led
approach to complementary feeding, and the impact a Baby-Led approach has on infant food
group and nutrient intakes at seven months of age.
The Baby-Led Introduction to SolidS (BLISS) study was a two-arm randomised controlled
trial. Women from Dunedin, New Zealand, were recruited during pregnancy and randomised
to the Usual Care (n=101) or the BLISS Intervention (n=101) group. The Intervention group
used a modified Baby-Led approach to complementary feeding which focused on inclusion of
high-iron and high-energy foods at each meal, and reduction of infants’ choking risk. The
BLISS group received five intervention contacts before seven months: an antenatal education
session, three Lactation Consultant contacts, and a BLISS advice visit.
This thesis used the BLISS study Maternal Baseline Questionnaire, Feeding Questionnaires
collected at two, four, six, seven and eight months postpartum and a three-day Weighed Food
Record, modified to collect adherence data for the Baby-Led approach to infant feeding,
completed at seven months. Parents reported who fed the infant each food (parent-fed only,
infant and parent-fed together, infant self-fed only) as well as the foods and amounts offered
and consumed. Participants were classified as adherent to a Baby-Led approach if ≤ 10% of
foods were solely parent-fed, ≤ 15% of foods were infant and parent-fed together, and at
least 75% of foods were infant self-fed only. This meant that the infant contributed to
feeding ≥ 90% of their food.
Weighed Food Records were returned by 80% of participants (n=162). Two-thirds of the
BLISS group (n=48) were classified as adherent, as were eight Usual Care infants. A
significantly greater proportion of the energy intake of infants in the Usual Care group was
supplied by ‘Fruit’ (median: 30.7% vs. 18.3% (p=0.001)) and ‘Vegetables’ (median: 10.8%
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vs. 6.3% (p<0.001)) compared to the BLISS group. BLISS infants were more likely to have
eaten ‘Sweet foods’ (Odds Ratio (OR): 4.08; 95% Confidence Interval (95%CI): 2.05, 10.52
(p<0.001)) and ‘Powdered infant cereal’ (OR: 2.69; 95%CI: 1.32, 5.50 (p=0.006)). However,
the Usual Care group were more likely to have consumed ‘Ready-to-eat commercial infant
foods’ (OR: 2.78; 95%CI: 1.41, 5.56 (p=0.003)), and they also had a higher energy intake
from these foods (median: 15.8% vs. 0% (p<0.001)). There was no difference between the
study groups in terms of mean energy intakes, or percentage of energy contributed by fat,
protein or carbohydrate. Infants in the BLISS group had a significantly lower intake of
vitamin A (-12%, 95%CI: -20%, -3% (p=0.0013)), and significantly higher intakes of
selenium (11%, 95%CI: 4%, 8% (p=0.002)) and sodium (38%, 95%CI: 20%, 59 (p<0.001))
than the Usual Care group.
These results indicate that, with support, families are able to adhere to the principles of a
Baby-Led approach, as presented by BLISS, including infant self-feeding of complementary
foods. The food group and nutrient intakes of infants following a modified Baby-Led
approach showed some differences compared to infants being introduced to complementary
foods conventionally. Intake of ‘Fruit’ and ‘Vegetables’ was lower for BLISS infants and
consumption of sodium was higher. Longitudinal follow-up is needed to determine whether
these differences will dissipate, or become more pronounced, as Usual Care group infants are
introduced to family-foods later in infancy.
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Preface"
This MSc project was part of the Baby-Led Introduction to SolidS (BLISS) study. The overall
aim of the BLISS study was to determine the possible benefits and risks of a Baby-Led
approach to infant feeding. The candidate’s supervisors Dr Anne-Louise Heath and Associate
Professor Rachael Taylor the are Principal Investigators for the BLISS study and were
responsible for designing the study, and securing funding, and supervised the application for
ethical approval. The BLISS study was conducted in the Department of Human Nutrition
(University of Otago, Dunedin). Recruitment began in 2012 and 24-month data collection will
be finished in 2016.
Questions for the BLISS study Feeding Questionnaires were adapted from the ‘Prevention of
Overweight in Infancy’ (POI) study questionnaires developed by Nicola Harris, and the
‘Baby-Led Introduction to SolidS’ (BLISS) pilot study developed by Sonya Cameron. The
BLISS study Weighed Food Record was developed and tested by Claire Schramm as part of
her MDiet thesis. The resources used by participants in the Intervention group were developed
by Sonya Cameron as part of her PhD. Dr Anne-Louise Heath and Associate Professor
Rachael Taylor were supervisors of thees students, and Co-Principal Investigators or
Investigators, for all the studies mentioned in this preface.

The MSc candidate was responsible for:
Contributing to fortnightly BLISS study meetings for the first two years of the study
Measurement tool development:
A component of the MSc project was the development of a Feeding Questionnaire to be
administered at 2, 4, 6, 7, 8, 9 and 12 months of age. The questions asked in each subsequent
questionnaire depended on the answers collected by the previous questionnaire.
•

Development and refinement of the BLISS study two-month Feeding Questionnaire

•

Refinement of 23 fictional participant profiles for questionnaire testing
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•

Development of a questionnaire participant tracking sheet for use prior to questionnaire
database initiation

•

Testing and refinement of the four-month Feeding Questionnaire

•

Development of a final questionnaire to be used for all subsequent time points

•

Refinement of questionnaire skip options for entry into BLISS database

•

Testing of BLISS database Feeding Questionnaires.

Data collection:
•

Collection of BLISS study Feeding Questionnaires from March to August 2013 (2 month:
n=28, 4 month: n=16, 6 month: n=4)

•

Developing the protocol and training of BLISS study research staff for the seven-month
Weighed Food Record instruction visits, and conducting the first visits (n=5)

Data entry:
Determining the New Zealand Deprivation Index for all BLISS participants (n=206) using
their baseline home address.
Commercial infant foods and formulas were not included in the database used by the Kaiculator dietary assessment software that was used to enter and analyse the Weighed Food
Records for the BLISS study so work had to be done to allow for data entry.
•

Entering nutrient lines (per 100g powder and per 100g prepared) for 41 infant formulas
into the Kai-culator dietary assessment software

•

Developing 66 recipes for commercial infant foods in the Kai-culator dietary assessment
software.

Kai-culator, the dietary assessment software used to analyse the Weighed Food Records for
this thesis, did not have the ability to disaggregate recipes into their component food groups
when data entry was conducted. Therefore, in consultation with Kai-culator development staff
(Charlie Blakey and Liz Fleming), the candidate developed a method to enable this to be
calculated and entered directly into the database.
•

Modifying the 16 food groups used by the Eating Assessment in Toddlers study
(developed by MSc student Virginia Mills) for use with the BLISS study seven-month
Weighed Food Records
!
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•

Developing a spreadsheet to calculate the weight and energy contribution (per 100g
accounting for moisture gains and losses caused by cooking) of each ingredient for the
830 Kai-culator foods, commercial infant foods, and participant recipes reported in the
BLISS study Weighed Food Records collected at seven months

•

Assigning the ingredients for the 830 foods and recipes to the 11 general and two infantspecific food groups developed by the candidate for this thesis

•

Entry and checking of the weight and energy contribution (per 100g) of the ingredients of
830 Kai-culator foods, commercial infant foods and participant recipes to the 13 food
groups.

Seven-Month Weighed Food Record:
•

Development and testing of the BLISS study Weighed Food Record Kai-Culator Data
Entry Protocol

•

Development of the Food Record Eating Occasions Definitions

•

Development and testing of the Weighed Food Record Calculation Sheets and examples

•

Development of the BLISS study Codebook, and the New Foods and Substitutions
Request Spreadsheet

•

Calculation, coding and data entry of all 162 three-day seven-month BLISS study
Weighed Food Records.

Analysis:
•

Planning and conducting all descriptive and statistical analyses (with advice from Dr Jill
Haszard).
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1

Introduction"

Almost a third of New Zealand (NZ) children aged two-14 years old are overweight or obese,
and the proportion of children who are obese increased significantly between 2006 and 2014
(New Zealand Ministry of Health, 2014a, 2015). Obese children are more likely to become
obese adults, and are at greater risk of developing obesity-related co-morbidities (Lakshman,
Elks, & Ong, 2012; Reilly & Kelly, 2011; Serdula et al., 1993). There is growing evidence
that development of obesity and non-communicable diseases is influenced by factors during
the early years of life, including the complementary feeding period (Adair, 2012; Poskitt &
Breda, 2012; Thompson, 2012; Thompson & Bentley, 2013). Complementary feeding is the
introduction of solid foods during the second six months of life to meet infant needs for
additional energy and nutrients above what is provided by infant milk (New Zealand Ministry
of Health, 2008). Current guidelines recommend beginning complementary feeding by spoonfeeding purées and introducing new foods every few days (New Zealand Ministry of Health,
2012b). Baby-Led Weaning is an alternative approach which recommends that infants are
offered ‘whole’ (baby-fist size) pieces of food and feed themselves all of their food from the
beginning of complementary feeding, at around six months of age (Rapley, 2008). New
Zealand evidence suggests that many healthcare professionals are unaware of BLW, however
it appears to be popular with parents, and up to a third of NZ families may have tried the
approach (Cameron, Heath, & Taylor, 2012; Cameron, Taylor, & Heath, 2013). Currently the
NZ Ministry of Health does not recommend BLW as a population approach to infant feeding
due to the lack of research into the possible risks and benefits (New Zealand Ministry of
Health).
Advocates of the BLW approach to complementary feeding have proposed a myriad of
possible benefits (Rapley, 2011; Rapley & Murkett, 2008, 2013). Limited current evidence,
which is from mothers who were self-motivated to choose a Baby-Led approach to infant
complementary feeding, suggests that it may improve satiety responsiveness and reduce the
incidence of overweight in infants (Brown & Lee, 2014; Townsend & Pitchford, 2012).
However, observational evidence has also found that mothers who choose to use BLW are
more likely to be older and have undergone more years of education (Brown & Lee, 2011a;
Cameron et al., 2013). Therefore, it is unclear whether these benefits arose as a result of a
1

Baby-Led approach, or other factors, such as increased duration of exclusive breastfeeding,
which are also associated with greater maternal age and education (Al-Sahab, Lanes,
Feldman, & Tamim, 2010; Jessri, Farmer, Maximova, Willows, & Bell, 2013). To date there
is virtually no information on BLW infants’ food and nutrient intakes, and there have been no
randomised studies with participants who were not self-motivated to choose a Baby-Led
approach.
Randomised studies are vital to examine the safety of a Baby-Led approach, and to
investigate whether the relationship between BLW and the proposed benefits of the approach
is causative, and independent of maternal demographic factors. However, there is no
established definitive measure of adherence to BLW. Previous research has largely relied on
parents self-identifying themselves as following BLW, or used surrogate measures to estimate
the extent of families’ adherence to BLW principles (Brown & Lee, 2011a; Cameron et al.,
2012; Cameron et al., 2013; Moore, Milligan, & Goff, 2012; Rowan & Harris, 2012;
Townsend & Pitchford, 2012). An objective and standardised measure of adherence is needed
in order to determine whether participants randomised to the approach are able to adhere to it,
and how adherence to BLW affects infant food and nutrient intakes, clinical outcomes (such
as body mass index (BMI) z score) and eating behaviours.
The Baby-Led Introduction to SolidS (BLISS) study is a two-year, two-arm randomised
controlled trial (RCT) that aims to determine the possible benefits and risks of a modified
form of BLW. This thesis refers to a distinct section of the larger RCT. The aim of this thesis
was to investigate the extent to which families are able to adhere to a Baby-Led approach to
complementary feeding, and the impact a Baby-Led approach has on infant food and nutrient
intakes at seven months of age.
The specific objectives are:
1. To determine the extent to which families randomised to a Baby-Led approach to
complementary feeding are able to adhere to this approach at seven months of age.
2. To investigate whether the method of complementary feeding affects the food groups
infants consume at seven months of age.

2

3. To examine whether the method of complementary feeding affects infants’ intake of
nutrients at seven months of age from:

!

•

Complementary foods and infant milk feeds (breast milk and infant formula)

•

Complementary foods only.
!
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2

Literature"review"

2.1

Search"methods""

The electronic databases MEDLINE, CINAHL and Google scholar were used to identify
relevant studies for this literature review (1946 to December 2014). References from pertinent
research articles and reviews identified by the database searches were also used, in addition to
Google scholar and PUBMED “cited by” lists.
New Zealand Ministry of Health publications were used for section 2.2.1 (Conventional
complementary feeding methods). Search terms for sections 2.2.2 (Baby-Led Weaing), 2.4.2
(Measurement of adherence) and 2.4.3 (Evidence of adherence) were: baby-led-weaning.mp,
BLW.mp, baby led*.mp, infant self-feeding.mp, self-feeding.mp AND infant/ OR infant
food/, finger food.mp, family food.mp AND infant/ OR infant food/ OR infant.mp.
Search terms for section 2.5.1 (Breast milk intake at seven months of age) were: breast milk
intake.mp, breast milk volume.mp, breast milk/ OR breast milk.mp AND intake.mp, breast
milk.mp AND volume.mp. Included studies were restricted to original papers published in
English in peer-reviewed journals after 1980 with a study population that included infants
aged between six and 12 months of age.
For sections 2.5.2 (Measurement of food intake at seven months of age), 2.5.3 (Measurement
of nutrient intake at seven months of age), 2.6 (Infant food intake at seven months of age),
and 2.7 (Infant nutrient intake at seven months of age) studies were restricted to original
papers from peer-reviewed journals, published in English after the year 1990, conducted in an
industrialised country (New Zealand, Australia, United Kingdom (UK), Canada, United States
(US) and European countries), with a large (n≥100) study population of infants between seven
and nine months of age. Studies were excluded if seven to nine month old infants were
grouped with infants younger than six months, or older than eleven months, for reporting of
food or nutrient intakes (for example: five to nine-months or seven to 12 months).
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2.2

Guidelines"for"complementary"food"introduction""

2.2.1

Conventional"complementary"feeding"methods""

The ‘New Zealand food and nutrition guideline statements for healthy infants and toddlers’
are complementary feeding guidelines for infants from birth to two years of age published by
the NZ Ministry of Health and are summarised in Table 2.1 (New Zealand Ministry of
Health, 2008). The statements encompass guidelines for breastfeeding, complementary food
introduction and preparation of complementary foods as described below. Further
complementary feeding resources published by the Ministry of Health include “Eating for
Healthy Babies and Toddlers; From Birth to 2 Years old” and “Starting Solids” (New Zealand
Ministry of Health, 2012b, 2013).
Breastfeeding
The guidelines recommend exclusive breastfeeding until around six months of age and to
continue to breastfeeding until the baby is at least one year of age (New Zealand Ministry of
Health, 2008).
When to offer solid foods
The Ministry of Health guidelines emphasise the need to assess infants’ developmental stage
to determine their readiness to be introduced to complementary foods. Infants are considered
developmentally ready when they have developed physical skills such that they are able to: sit
up with support, and hold their head up unsupported when on their stomach, when sitting on
someone’s lap and when tipped. Further, they have developed eating skills including: chewing
movements, opening their mouth in anticipation of food, keeping food in their mouth and
swallowing it, and having no tongue extrusion reflex. These developmental milestones are
reached by approximately six months of age in babies with no developmental impairments
(New Zealand Ministry of Health, 2008).
How to feed complementary foods
Until eight to nine months of age, milk feeds should be given before complementary foods are
offered. Infants should be held seated on an adults’ lap or seated in a highchair to eat. When
beginning complementary foods infants should be fed puréed food placed in the middle of the
infants’ mouth using a small teaspoon. After eight to nine months of age, milk remains an
5

important component of infants’ diets, however it tends to be offered after rather than before
solid foods (New Zealand Ministry of Health, 2008).
Texture of foods to offer
The guidelines include recommendations for appropriate food textures to offer infants
according to developmental stage. For infants aged six to seven months old it is recommended
to offer puréed foods only, and to introduce some mashed and finger foods between seven to
eight months (New Zealand Ministry of Health, 2012b).
Which foods to offer
From six to seven months recommended foods include: iron-fortified baby cereal, cooked and
puréed meat or vegetarian meat alternatives, puréed plain cooked rice or congee (rice
porridge), cooked and puréed vegetables (without skins, pips or seeds), cooked or raw puréed
fruit (without skins, pips or seeds) and age appropriate commercial infant foods.
Between seven to eight months it is recommended to offer additional foods such as: cooked
and mashed egg, tofu or tempeh, cooked milk foods (custard, milk puddings, yoghurt, cottage
cheese) and finger foods which can be easily picked up by the infant (ripe banana, toast
fingers, thin slices of cheese).
It is suggested that new foods should be introduced one at a time every two to four days. The
variety of foods and textures offered should be increased over time so that by 12 months old
infants are eating “more family foods” (New Zealand Ministry of Health, 2008).

2.2.2

Baby'Led"Weaning""

Baby-Led Weaning is a holistic approach to complementary feeding based on principles of
infant independence and autonomy over feeding. The BLW approach begins with
breastfeeding (or infant formula feeding) on demand. Infant control over food intake
continues once complementary foods are introduced with infants feeding themselves,
determining how much and what they eat from foods they are offered. Gill Rapley and Tracey
Murkett first published guidelines for the BLW approach to infant feeding in the 2008 book
‘Baby-led weaning; helping your baby to love good food’ (Rapley & Murkett, 2008). They
have further published ‘The what, why and how of baby-led weaning’ in 2013 (Rapley &
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Murkett, 2013). The BLW guidelines cover breastfeeding, how to feed complementary foods,
preparing complementary foods and suggested foods to offer (Table 2.1).
Breastfeeding
Baby-Led Weaning guidelines recommend exclusive breastfeeding until 6 months of age
followed by continued breastfeeding for as long as the infant would like to breastfeed.
When to offer solid foods
The BLW book recommends that solid foods should be offered at around six months of age,
as per the World Health Organization recommendation (Rapley & Murkett, 2008). In
addition, looking for signs of infant readiness is emphasised: the infant is able to sit up with
little to no support, reach out to grab things and take them to their mouth quickly and
accurately, is gnawing on toys and making chewing movements and has started to put food in
their mouth themselves (Rapley & Murkett, 2008).
How to feed complementary foods
Complementary foods should be introduced when the infant is not tired or hungry and they
should be seated either in a high chair or supported on an adults’ lap. Infants should be
offered family foods as much as possible and have the chance to eat whenever anyone in the
family is eating. The infant controls all facets of complementary food consumption; feeding
themselves all of their food, being the only one to place food in their mouth, determining the
pace of the meal and how much they eat (Rapley & Murkett, 2008).
Texture of foods to offer
Foods are offered in a size and shape easily graspable by infants (e.g., chip shaped). The
consistency should be firm enough to grasp but soft enough for an infant to chew. Meat
should be offered as a large piece at first to be grasped and sucked and chewed rather than in
small cut up pieces. Small round foods, such as cherry tomatoes or grapes, should be cut in
half (Rapley & Murkett, 2008).
Which foods to offer
Baby-Led Weaning guidelines recommend that infants be offered healthy family foods that
have no added salt, sugar or fat, such as fruit, vegetables and meat, from around six months of
age when they are first offered complementary foods. Foods that are small and hard, such as
nuts, should not be offered. They do not recommend introducing foods one at a time, or
7

restricting which foods are offered unless there is a family history of allergies to specific
foods.
Easy first finger foods recommended for babies include: steamed or lightly boiled vegetables
such as green beans, broccoli and cauliflower florets, sticks of carrot or courgette; slices of
raw avocado and strips of cucumber or fresh fruits; strips of cooked (warm or cold) chicken,
pork beef or lamb; sticks of firm cheese, bread sticks, rice cakes or toast fingers; meatballs,
patties, nuggets, fish cakes or fingers and rice balls.

!
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Based on reaching developmental milestones:
! sit with support
! hold head up unsupported
! making chewing movements
! open their mouth when prompted or in anticipation of
food
! keeps food in their mouth and swallows
! no tongue extrusion reflex.

When to begin
offering
complementary
foods

How to feed solid Milk feeds should be given before offering solid foods (until
foods
eight-months of age).
Infant should be in a supported upright, seated position.
The infant is fed by an adult.
A small teaspoon should be used to place the food in the
middle of the infants tongue.

Exclusive breastfeeding until around six months of age.
Continue to breastfeed until the infant is at least one year
old.

Breastfeeding

Conventional

Baby-Led Weaning

Try to make sure that the baby is not tired or hungry at
mealtimes so that they can concentrate.
Infant should be in a supported upright, seated position.
Infants should be offered the chance to eat whenever the
family is eating.
Don’t hurry the infant, allow them to determine the pace of
eating and feed themselves all of their food.
Never leave the baby alone with food.
Make sure that no one else puts food into the infant’s mouth.

Developmental signs of infant readiness:
! the infant is able to sit up with little to no support,
! reach out to grab things and take them to their mouth
quickly and accurately
! is gnawing on toys and making chewing movements
! has started to put food in their mouth themselves.

Begin around six months of age.

Exclusive breastfeeding until six months of age.
Continue to breastfeed your infant whenever they want, for
as long they want.

Table 2.1 Guidelines for Conventional and Baby-Led Weaning approaches to complementary feeding
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Food
requirements

Provide foods with:
! no added salt, fat, sugar, honey or other sweeteners.
! no alcohol, coffee, cordials, juice, soft drinks, tea and
other drinks containing caffeine.

Don’t offer “fast foods” or meals with added salt or sugar.
Avoid honey, shellfish, shark, marlin and undercooked eggs.

Start by offering foods that are baby-fist sized, and
preferable “chip shaped” with a handle so that they are
easy to pick up with some sticking out of the infants’ fist.
Choose foods are easy to cut into sticks or large strips when
your baby is starting.
Cook vegetables so that they are soft but not soggy.

Six to seven months: puréed foods
Seven to eight months: mashed foods and some finger
foods

Texture of foods
to feed

Baby-led weaning

Begin with half to two teaspoons and gradually increase until Offer a variety of foods but don’t expect your infant to eat
the infant is consuming three to four teaspoons at each
any food on the first few occasions.
meal occasion.
Don’t expect infants to eat all of each piece of food at the
beginning, they won’t yet be able to eat the piece of the
food that is inside their fist

Conventional

Amount of food

Table 2.1 continued
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Recommended
foods to offer

Table 2.1 continued

Seven to eight months:
! Iron-fortified baby cereal
! cooked and meat or vegetarian meat alternatives
! cooked and mashed egg, tofu or tempeh
! cooked and mashed vegetables (without skins, pips or
seeds)
! cooked or raw mashed fruit (without skins, pips or seeds)
! cooked milk foods (custard, milk puddings, yogurt,
cottage cheese)
! age appropriate commercial infant foods
! finger foods which can be easily picked up by the infant
(ripe banana, toast fingers, thin slices of cheese).

Six to seven months:
- Iron-fortified baby cereal
- cooked and puréed meat or vegetarian meat alternatives
- puréed plain cooked rice or congee
- cooked and puréed vegetables (without skins, pips or seeds)
- cooked or raw puréed fruit (without skins, pips or seeds) age appropriate commercial infant foods.

Conventional

Easy first finger foods include:
! steamed or lightly boiled vegetates such as green beans,
broccoli and cauliflower florets, sticks of carrot or
courgette
! slices of raw fruit or vegetables, such as avocado and
strips of cucumber or fresh fruits
! strips of cooked (warm or cold) chicken, pork, beef or
lamb
! meatballs, patties, nuggets, fish cakes or fingers
! sticks of firm cheese
! bread sticks, rice cakes or toast fingers and rice balls.

Offer family foods as much as possible.
Don’t offer whole nuts.
Cut small fruits such as olives and cherries in half and
remove any stones.

Baby-led weaning

2.2.3

Key"differences"

There are three main areas of difference between conventional and Baby-Led approaches to
complementary feeding: the texture of foods offered, which foods are offered, and how
complementary foods are fed (please see sections 2.2.1 and 2.2.2 and Table 2.1). Baby-Led
Weaning guidelines recommend offering whole pieces of ‘finger foods’ when complementary
foods are introduced, in contrast to conventional guidelines which recommend that infants are
fed only puréed foods until seven to eight months of age. However, puréed foods (such as
hummus) and smooth or runny foods (such as yoghurt) can also be used as part of the BLW
approach. Rapley and Murkett suggest spreading puréed foods onto toast, offering “dippers”
such as bread sticks, offering spoons “pre-loaded” with food, or allowing infants to spoonfeed themselves (Rapley & Murkett, 2008). New Zealand conventional complementary
feeding guidelines suggest introducing a limited range of foods to infants, one at a time (with
two to three days between new foods) and increasing the variety of foods offered over time.
Baby-Led Weaning guidelines suggest introducing a wide variety of tastes and textures to
infants at the start of complementary feeding and offering family foods as much as is
practicable. The third difference between approaches is how infants are fed. The defining
principle of the BLW approach is infant autonomy over feeding. Infants feed themselves all
of their food and are the only ones to place food in their mouths. Conventional guidelines
recommend infants are spoon-fed all of their food by an adult until seven to eight months of
age, when finger foods may start to be introduced, albeit on a relatively limited basis.

2.3

Proposed"benefits"and"risks"of"Baby'Led"Weaning"

Advocates of BLW have proposed a number of possible benefits of the approach including:
infants may have improved hand-eye co-ordination and dexterity (due to earlier opportunities
to practise exploring food of different shapes and textures and learn how to grip pieces of
food and bring them to their mouth); improved satiety-responsiveness and reduced risk of
obesity (infant control of feeding may lead to preservation of hunger and fullness responses,
which may be over-ridden by parents spoon-feeding infants until they finish all of the food);
less picky eating and healthier food choices (infants offered a range of textures and flavours
from the start of complementary feeding may be more open to different flavours and textures
than infants fed purées); and more relaxed mealtimes (infants can eat as much or as little as
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they want so there is less mealtime pressure to finish a set amount of food, and infants can eat
at the same time as the rest of the family) (Rapley, 2008, 2011; Rapley & Murkett, 2008,
2013).
However a number of potential risks of BLW have also been suggested. Proposed risks of the
BLW approach include: increased risk of choking (infant self-feeding of ‘whole’ pieces of
food may increase the risk of choking during the early stages of complementary feeding when
infants are learning chew and swallow solid food); deficient intake of iron (as iron-fortified
infant cereals would usually be expected to require spoon-feeding); and increased risk of
growth failure or underweight (infants may not be able to consume sufficient energy and
nutrients from complementary foods to meet their needs for growth and development when
they are learning to feed themselves) (New Zealand Ministry of Health).

2.4

Adherence"to"Baby'Led"Weaning"guidelines"

2.4.1

Why"measure"adherence?"

As described in section 2.3, the current evidence regarding the risks and benefits associated
with a Baby-Led approach is scarce and based on observational studies, which are unable to
establish causality. Consequently, measurement of adherence is important to discover the
extent to which families randomly assigned to follow the approach are able to adhere to it.
This is fundamentally important to the successful conduct of randomised controlled trials of
BLW and any policy initiatives advocating BLW. Careful measurement of adherence is also
imperative in studies investigating whether a causal relationship exists between a Baby-Led
approach to complementary feeding and its proposed benefits and risks.

2.4.2

Measurement"of"adherence""

To date there is no published definitive measure of adherence to a Baby-Led method of
complementary feeding. Initial BLW pilot work carried out by Gill Rapley and investigating
infant self-feeding defined adherence to a BLW approach to complementary feeding as
“everything entering the baby’s mouth had to be put there by her/him” (Rapley, 2003). The
limited number of subsequent published studies that have measured adherence to the BLW
approach have not defined adherence so stringently (Table 2.2).
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Several studies have defined adherence simply by asking parents to self-identify themselves
as using a BLW approach to complementary feeding (Cameron et al., 2012; Moore et al.,
2012; Rowan & Harris, 2012; Townsend & Pitchford, 2012). Townsend and Pritchard (2012)
attempted to verify parents’ self-identified categorisation by asking when infants were first
exposed to finger foods, whether they had ever been exposed to puréed foods and whether
they had handled food from when solid foods were first introduced. They found a significant
difference in these behaviours between the self-identified BLW families and the other
participants. However, while infants being allowed to handle food is an element of BLW it
does not equate to infant self-feeding, the defining component of the approach (please see
section 2.2.2). Also, the mean age that solid foods were introduced was not reported, so it is
not possible to discern whether the first exposure to finger foods occurred with the
introduction of solid foods.
The limitations of using parental self-identification have also been highlighted by a recent NZ
study (Cameron et al., 2013). Fifty-two participants in the study by Cameron et al selfidentified as using a BLW approach to introduce complementary foods to their infant.
However, only a third of these also reported that their infant was “mostly” or “always” selffed at six to seven months of age and were thus classified as “Adherent [to] Baby-Led
Weaning”. The remaining two-thirds reported that their infant was spoon-fed at least half of
their food by an adult. As Cameron et al (2013) have demonstrated, self-identifying as using a
BLW approach does not necessarily correlate with adherence to the principles of BLW, such
as infant self-feeding.
Brown and Lee, the authors of four original BLW publications listed in Table 2.2, have
attempted to measure adherence to the BLW approach during studies of weaning practises in
the UK (Brown & Lee, 2011a; Brown & Lee, 2011b; Brown & Lee, 2013; Brown & Lee,
2014). Parents were asked to estimate how much they used spoon-feeding as a “percentage of
the time spent feeding their infant”, and the “proportion of all foods together” that were
puréed. Brown and Lee (2011a) used the extent of spoon-feeding to approximate infant selffeeding, inferring that all foods that were not spoon-fed were self-fed by the infant (Brown &
Lee, 2011a). The extent of puréed food consumption was used to estimate adherence to the
BLW guideline to offer pieces of finger food in graspable sizes, inferring that all foods that
were not offered as purées met the guideline (Brown & Lee, 2011a). In their initial BLW
publication participants were identified as following BLW if they reported using either
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spoon-feeding or feed puréed foods 10% or less of the time (Brown & Lee, 2011a). During
later studies they identified participants as following BLW if they reportedly used both
spoon-feeding and fed puréed foods 10% or less of the time, and excluded participants who
met either the spoon-feeding or puréed foods criteria but did not meet both (Brown & Lee,
2011b; Brown & Lee, 2013; Brown & Lee, 2014). In the initial paper a significant difference
in other key BLW behaviours (breastfeeding duration and age of introduction of solid foods)
was found between the participants classified as using BLW and participants classified as
“standard weaning” (Brown & Lee, 2011a).
Brown and Lee were the first authors to attempt to objectively define adherence to BLW
(Brown & Lee, 2011a; Brown & Lee, 2011b), however, the surrogate measures employed do
not directly assess adherence to the BLW approach to complementary feeding. It cannot be
concluded that all foods that were not spoon-fed met the BLW definition of infant selffeeding, of the infant being the only one to place food into their mouth (Rapley & Murkett,
2008). Previous research has shown that parents can and do feed infants finger foods
(Parkinson, Wright, & Drewett, 2004). Furthermore, infants can spoon-feed as part of a BabyLed approach, using a “pre-loaded” spoon (a spoon with food already on it which is given to
the infant to feed themselves) or by feeding themselves with a spoon (Rapley & Murkett,
2008). The UK Diet and Nutrition Survey of Infants and Young Children (DNSIYC) found
that approximately 20% of infants aged seven to nine months feed themselves with a spoon
(Lennox, Sommerville, Ong, Henderson, & Allen, 2013). It also cannot be concluded that all
non-puréed foods were whole pieces of food. Many commercial infant foods are mashed or
lumpy in texture, which parents may not report as puréed. In addition, puréed and runny foods
can be offered as part of a BLW approach, by infants using a spoon to feed themselves or
using a ‘dipper’ such a toast finger (Rapley & Murkett, 2008). The definition used by Brown
and Lee (2011a, 2011b, 2013, 2014) is therefore likely to apply in many, but not all, feeding
situations.
As cited above, a recent NZ study is the only published BLW research that has attempted to
directly examine the extent of infant self-feeding (Cameron et al., 2013). Cameron et al
(2013) asked caregivers the extent of infant self-feeding and parental feeding at six to seven
months of age. Specifying the time period that the adherence measurement refers to is another
important difference of the approach by Cameron et al (2013). Studies by Brown and Lee do
not appear to have specified a time (e.g., the last month) or age range (e.g., six to seven
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months) as a reference for their adherence measures in infants six to 12 months of age (Brown
& Lee, 2011a). This seems an important limitation given that infant feeding patterns change
drastically between six and 12 months of age (Serdula, Alexander, Scanlon, & Bowman,
2001). The DNSIYC found that a quarter of seven to nine month old infants “always” or
“almost always” ate the same main meal as their parents compared to over 60% at 12-18
months of age (Lennox et al., 2013). Also, a study in conventionally weaned 12-14 month old
infants found that approximately half of the “bites” in a meal were self-fed in this age group
(Parkinson & Drewett, 2001). It is therefore likely that the greatest difference between the
behaviour of adherent Baby-Led infants and non-Baby-Led infants is during the early stages
of complementary food introduction, suggesting that this period may be the most important to
assess adherence to a Baby-Led approach to infant feeding. As such, a measurement of
adherence without a reference timeframe may not capture the true difference in behaviours.
Adherence to the BLW approach to complementary feeding has been measured in a variety of
ways in previous research. Infant self-feeding is the key difference between Baby-Led and
conventional approaches. However, most studies have not assessed infant self-feeding, or
have used surrogate measures. Future research should use assessment of infant self-feeding to
measure adherence to the Baby-Led approach to complementary feeding.
!
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(Cameron, Heath, &
Taylor, 2012)

Questionnaire

Cross-sectional with longitudinal
follow up of approximately half of
the sample

Face-to-face semi-structured
interview

Cross-sectional

Questionnaire

Cross-sectional

Design and method of assessing
BLW

NZ mothers who had used the BLW
Cross-sectional
approach when introducing solid foods Face-to-face semi-structured
to their infants (n=20)
interview
NZ Health professionals (n=31)

Phase two: follow up of mothers when
infants were 18 to 24 months (n=298)

Phase one: UK mothers with an infant
aged 6 to 12 months (n=604)

UK mothers with an infant aged 12 to
18 months (n=36)

(Brown & Lee,
2013)

(Brown & Lee,
2014)

UK mothers with an infant aged 6 to 12
months (2011a: n=655, 2011b: n=652)

Participants

(Brown & Lee,
2011a; Brown &
Lee, 2011b)

Study

Table 2.2 Studies that have measured adherence to the BLW approach to infant feeding

Self-identified as using BLW.

Used both spoon-feeding AND purées
!10% of the time spent feeding their
infant.

Used both spoon-feeding AND purées
!10% of the time spent feeding their
infant.

2011b: Used both spoon-feeding AND
purées !10% of the time spent feeding
their infant.

2011a: Used either spoon-feeding OR
fed purées !10% of the time spent
feeding their infant.

Measurement of adherence to BLW
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Participants

UK parents who had weaned a child
since the introduction of the new UK
guidelines in 2003 (n=3607)

UK parents willing to allow their infant
to entirely self-feed solids (n=7)

UK parents with an infant aged 6
months (n=10)

UK parents with an infant aged 20 to 78
months (n=155)

(Moore,
Milligan, &
Goff, 2012)

(Rapley, 2003)

(Rowan &
Harris, 2012)

(Townsend &
Pitchford, 2012)

(Cameron,
NZ mothers with an infant aged 6 to 12
Taylor, & Heath, months (n=199)
2013)

Study

Table 2.2 continued

Questionnaire

Case-control

Questionnaire

Cross-sectional

Introductory and exit interviews,
weekly questionnaires and fortnightly
videotape recordings

Longitudinal follow up from four to
nine months of age

Questionnaire

Cross-sectional

Questionnaire

Cross-sectional

Design and method of assessing
BLW

Self-identified as using BLW.

Primary caregiver planned to use BLW
and had read the BLW book (Rapley &
Murkett, 2008).

“Everything entering the baby’s mouth
had to be put there by her/him” .

Self-identified as using BLW.

Self-identified BLW group: reported
having tried BLW but infant was spoonfed at least half of their food by an adult.

Adherent BLW group: reported having
tried BLW and infant was mostly or
always self-fed at 6 to 7 months.

Measurement of adherence to BLW

2.4.3

Evidence"of"adherence""

Many mothers who report following a BLW approach do not appear to follow the approach
exactly as defined by Rapley and Murket (2008) (Brown & Lee, 2011a; Brown & Lee, 2013;
Cameron et al., 2012; Cameron et al., 2013). Studies to date have examined several
components of the BLW approach such as: infant self-feeding, offering ‘whole’ pieces of
food, and allowing infants to participant in family mealtimes.
Evidence regarding the level of infant self-feeding by BLW infants is mixed and suggests that
few families adhere to the approach to the extent of Rapley’s (2003) original definition
“everything entering the baby’s mouth had to be put there by her/him”. In a small study of
mothers who self-identified as using BLW, three quarters (n=15/20) reported using some
spoon-feeding when their child was sick, to avoid mess at certain times or in certain
circumstances, or spoon-feeding infant cereal to increase iron intake (Cameron et al., 2012).
Brown and Lee included infants who were spoon-fed up to 10% of the time in the adherent
BLW group in their studies of BLW (Brown & Lee, 2011a; Brown & Lee, 2011b; Brown &
Lee, 2013; Brown & Lee, 2014). Cameron et al (2013) included infants who were “mostly
feeding themselves, some adult spoon-feeding” in the “adherent BLW” group.
Evidence suggests that parents who identify as using a BLW approach feed their infants less
puréed foods than parents using a conventional approach to complementary feeding.
Townsend and Pritchard (2012) found that BLW infants were significantly less likely to have
been exposed to puréed foods (p<0.001) and more likely to be exposed to finger foods at a
younger age (p=0.001). Cameron et al (2013) also found that “adherent BLW” infants were
less likely to be fed commercial infant foods (p=0.002). Brown and Lee (2011a) used
retrospective estimation of the proportion of time spent feeding puréed foods to estimate the
proportion of whole foods offered in order to classify infants as BLW or “standard weaning”.
However, no studies have prospectively measured the proportion of ‘whole’ foods (pieces
able to be grasped by the infant) that BLW infants actually consume.
Offering infants family foods and allowing them to participate in family mealtimes is an
important component of the BLW approach. Several studies have found associations between
BLW and participation in family meal times and eating family foods. Brown and Lee (2011a)
found that BLW infants were significantly more likely to participate in family mealtimes
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(p<0.001) and to consume family foods (p<0.001). Cameron et al (2013) reported that
“adherent BLW” infants ate family foods at least some of the time and were significantly
more likely to eat family foods most or all of the time (p=0.018) and to have started eating
them within a month of starting complementary feeding (p<0.001). Both “adherent BLW”
and “self-identified BLW” infants were significantly more likely to eat all or most of their
meals with the family than “parent-fed” infants (p=0.04). However, to date only one study has
reported any dietary assessment data from BLW families (Rowan & Harris, 2012). This small
(n=10) pilot study of BLW and the family diet found that on average infants were offered
only 57% of the foods their parents consumed on the same eating occasion. Apart from
Rowan and Harris (2012), no studies have reported the proportion of family foods or meals
that BLW infants are offered or that are eaten with the family.
Further research regarding the extent of infant self-feeding in families using a Baby-Led
approach and its correlation with other key BLW behaviours, such as offering finger foods
and infant involvement with family meals, is needed to examine adherence to the BLW
approach.
It is not known how many families in NZ are following a Baby-Led approach to
complementary feeding, although anecdotal evidence suggests that the approach is increasing
in popularity. An online survey conducted in NZ (n=199) is the only study that has
investigated the use of BLW in a general population. They found that while almost a third of
parents (n=59) self-identified as using BLW, less than a third (n=17 or 9% overall) were
classified as “Adherent [to] BLW” (Cameron et al., 2013). However, the survey recruited a
convenience sample of mothers, and a greater proportion of mothers who answered the survey
were NZ European, with tertiary level education, and were less likely to be single parents,
compared to national data (Cameron et al., 2013). It is likely the prevalence of BLW in the
New Zealand population is overestimated by this sample, due to the relatively small size and
narrow range of demographic characteristics. However, these findings suggest that the
approach is relatively common in NZ and support the need for further research into BLW as a
complementary feeding approach.
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2.5

Dietary"assessment"in"infants"

Five dietary assessment methods have predominantly been used to measure infant food and
nutrient intakes. For Food Frequency Questionnaires (FFQ) parents are asked to indicate
the frequency that their infant consumes a list of food/food groups and beverages (Gibson,
2005). For a Diet History (DH) parents are interviewed to estimate their infants’ usual food
intake and pattern of consumption over a period of time such as a month (Gibson, 2005).
Twenty-Four Hour Recall (24hrR) is a retrospective technique that involves parents being
interviewed to collect information on everything their infant ate and drank during the previous
day (Gibson, 2005). Estimated Food Records (EFR) and Weighed Food Records (WFR)
both collect prospective dietary data. Parents record all food and beverages consumed by the
infant at the time of consumption. EFR’s use household measures and other portion
estimation aids (such as photographs) for reporting of portion sizes. For WFR’s all foods and
beverages offered are weighed and the weight of leftovers at the end of an eating occasion is
also recorded (Gibson, 2005).
Measurement of dietary intake in infants presents unique challenges. At six to 12 months of
age infants are being introduced to solid foods in addition to their ongoing milk feeds (breast
milk or infant formula). It is an important period in infant development when rapid changes in
food intake are taking place (Serdula et al., 2001). However, a number of factors make this
period difficult to assess using dietary assessment methods.
Caregivers must act as surrogate reporters for assessment of infant food intake. Parental
reporting of infant food intake is thought to be reliable when the infant is fed by a single
caregiver in their home environment. However, involvement of other caregivers and infant
feeding outside of the home, such as at early childcare centres, may affect the reliability of
reporting (Gondolf, Tetens, Hills, Michaelsen, & Trolle, 2012a; Livingstone, Robson, &
Wallace, 2004).
Estimation of portion sizes in infants may be difficult for parents due to the small quantities
of food consumed (National Institute of Health, 2007), leading to overestimation of intake by
methods of dietary assessment which rely on estimation (Fisher et al., 2008). Unlike adults,
infants regularly have food remaining at the end of an eating occasion, or ‘leftovers’ (Dewey,
Heinig, Nommsen, & Lonnerdal, 1991a; Gondolf et al., 2012a). Retrospective dietary
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assessment methods rely on parental recall of infant food consumption (24 hour recall, diet
histories and food frequency questionnaires). In addition to remembering how much food was
offered, parents must recollect how much was leftover in order to estimate the amount of food
consumed. Use of prospective dietary assessment methods (estimated diet records and
weighed diet records) overcomes the issue of recall of leftovers. However, measurement or
estimation of leftovers often requires retrieval of food from household surfaces or scraping
food from the hands, face and clothing of the infant, in addition to ensuring that pets do not
have access to discarded food. This has implications for the validity of dietary assessment
reporting in infants due to the increased respondent burden and greater potential for error
(Gondolf et al., 2012a).
Measurement and estimation of infant milk intake is a potential source of error in dietary
assessment in infants. Measurement of breast milk intake conveys a high respondent burden
and estimation is difficult and prone to error (please see section 2.5.1). Comprehensive
reporting of infant formula intake requires parents to correctly report the volume of water, the
weight of powder added and the total weight or volume of the prepared formula. Evidence
suggests that misreporting of formula preparation, and amount offered, is common (Luque et
al., 2013). In addition, incorrect dilution, due to parents deviating from manufacturers
instructions, is also prevalent (Luque et al., 2013).
It is not known whether the method of complementary feeding impacts on dietary assessment
in infants. It is possible that messiness caused by the self-feeding of BLW infants may
increase leftovers and the difficulty of retrieving leftovers, particularly during the early phases
of BLW, compared to spoon-fed infants (Cameron et al., 2012). Also, the BLW approach
advocates offering infants family foods. The greater complexity of reporting family meals,
compared to commercial and homemade purées offered to spoon-fed infants, may increase the
respondent burden of dietary assessment (Verwied-Jorky et al., 2011).

2.5.1

Breast"milk"intake"at"seven"months"of"age"

Infant breast milk intake can be measured using test weighing or stable isotopes. For the test
weighing method the infant is weighed before and after a breastfeed to determine the weight
the infant gained during the feed, which is attributed to the breast milk consumed (Dewey,
Heinig, Nommsen, & Lonnerdal, 1991b). For the stable isotope method isotopes are
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administered to the mother and urine or saliva samples from the mother and infant are used to
monitor the disappearance of the isotope from the mother’s body and appearance in the infant
to calculate the intake of breast milk over a 14-day period (International Atomic Energy
Agency, 2010).
Infants’ reported intake breast milk measured by test weighing at around seven months of age
varies depending on the population the study sample was drawn from, and whether infants
who were consuming other milk products, including infant formula, in addition to breast milk
were included in the sample (Table 2.3). It has been suggested that test weighing may alter
the usual pattern of breast milk intake and thus measured intakes may not reflect habitual
breast milk intake (da Costa et al., 2010). However, other research has found no significant
difference between breast milk intakes measured by test weighing and those measured using
stable isotopes (Butte, Wong, Patterson, Garza, & Klein, 1988).
Stable isotopes are used to measure breast milk intake over a longer period than test weighing
and administration does not interfere with or alter the normal pattern of feeding. As such it
has been suggested that this method represents the best technique to measure habitual breast
milk intake (International Atomic Energy Agency, 2010).
Studies have predominantly used two methods to estimate infant breast milk intake when
measurement using test weighing or stable isotope administration is not possible.
For method one the volume is estimated from the infants age, number of breastfeeds in a
day, and the duration of the feeds. This method is based on evidence from test weighing
studies that have determined breast milk intake per day and the number of feeds per 24
hours in infants of a particular age. These data have then been used to estimate a volume of
milk consumed during each feed (Mills & Tyler, 1992).
For method two the volume is estimated from the infants age only. This method also uses
evidence from studies of breast milk intake in infants of a particular age over a 24-hour
period. The estimated total volume of breast milk consumed per day is then adjusted for
consumption of other infant milk products.
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A number of large studies have used method one to estimate breast milk intake (Conn,
Davies, Walker, & Moore, 2009; Emmett, North, & Noble, 2000; Lanigan, Wells, Lawson,
Cole, & Lucas, 2004; Lioret, McNaughton, Spence, Crawford, & Campbell, 2013; Mills &
Tyler, 1992; Noble & Emmett, 2001, 2006; Smithers et al., 2012b; Williams & Innis, 2005).
Despite the popularity of this approach, the volumes estimated for each feed are derived from
only two small research studies. Paul et al (1988) collected the number of breastfeeds per 24hour period and measured breast milk intake using test weighing for four consecutive days
each month from 48 infants at two to ten months of age. Dewey et al (1984) collected the total
number of breastfeeds and measured breast milk intake for two 24-hour periods each month
using test weighing in 12 infants from seven to 20 months of age.
The 1986 Food and Nutrient Intakes of British Infants aged six to 12 months Survey was the
first to use method one to estimate breast milk intake (Mills & Tyler, 1992). Mills et al
(1992) calculated a “full feed” breast milk volume (designated as a breast feed of greater than
or equal to ten minutes duration) by dividing the mean breast milk intake (g/day) published by
Paul et al (1988) by the mean number of feeds per 24 hours. Breastfeeds less than ten minutes
in duration were allocated a proportion of the “full feed” volume. The arbitrary designation of
a “full feed” versus “partial feed” as greater than or equal to ten minutes had no published
justification. Although there are no data for infants over six months, studies in infants less
than six months of age have found no correlation between breast milk intake and the number
or duration of breastfeeds (Butte, Wills, Jean, Smith, & Garza, 1985; de Carvalho, Robertson,
Merkatz, & Klaus, 1982; Dewey et al., 1991b; Michaelsen, Larsen, Thomsen, & Samuelson,
1994). In addition, studies have found that the duration of individual breastfeeds is not an
accurate indication of intake and there is wide variation in feed duration and milk intake rates
between infants (Lucas, Lucas, & Baum, 1981; Woolridge, Baum, & Drewett, 1982).
Other studies investigating infant food and nutrient intake, including the US Feeding Infants
and Toddlers Study (FITS), have used method two, estimating infant breast milk intake using
published volumes for total breast milk intake per 24 hour period (from studies that used testweighing or stable isotopes) (Devaney et al., 2004a; Sharma et al., 2013; Skinner et al., 1997).
The FITS derived an estimated volume from the findings of the Davis Area Research on
Lactation, Infant Nutrition and Growth (DARLING) study. The DARLING study reported
infant breast milk intake at six (769g/day), nine (646g/day) and 12 (448g/day) months of age.
The FITS used the average of these values to estimate a volume of 600mL (or 621g) of breast
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milk per day for infants aged seven to 24 months. For infants who consumed infant formula in
addition to breast milk, the volume of formula consumed was subtracted from the 600mL
volume to estimate the quantity of breast milk consumed.
Few studies have measured the breast milk intake of infants over six months of age using
stable isotope methods in developed countries. Da Costa et al (2010) conducted a pooled
analysis of 16 studies from 12 countries that used stable isotope methods to measure infant
breast milk intake. However, only three studies with seven-month-old infants were included,
all of which were conducted in developing countries, which may limit their applicability to
the population of a developed country such as NZ. The UK DNSIYC measured the breast
milk intake of a subsample of their study population using stable isotopes (Lennox et al.,
2013). Breast milk intake (470 g/day for six to nine month old infants) was markedly lower
than that reported by many studies which utilised test weighing (Table 2.3). However, almost
90% of the sampled infants consumed other infant milk products in addition to breast milk,
and on average breast milk comprised only 51% of reported fluid intake in this group of six to
nine month old infants. Unfortunately, the DNSIYC did not report the mean total intake of
infant milk (breast milk and infant formula), or the mean breast milk intake for infants
consuming breast milk as their only source of infant milk. Therefore these data cannot be used
to estimate infants 24-hour total breast milk intake (method two).
Estimates based on the duration and number of breastfeeds draw on very small data sets
collected over 30 years ago (Dewey, Finley, & Lonnerdal, 1984; Paul, Black, Evans, Cole, &
Whitehead, 1988). Also, the lack of evidence regarding the relationship between the number
and duration of breastfeeds and volume of breast milk consumed in seven-month-old infants
make use of method one inappropriate at this time.
Published volumes for total breast milk intake per 24-hour period (i.e. method two) that were
measured in populations assumed to be similar to the Dunedin, NZ, population, provide the
best available estimate of seven-month-old infants’ breast milk intake for the current study.
Stable isotope studies from developed countries are rare in this age group and data currently
available is inappropriate for use in the current study (Lennox et al., 2013). Therefore, the
current study used an estimated amount of 750 g/day of breast milk derived from the
DARLING study for seven-month-old infants (six months: 769g/day, nine months: 646g/day)
(Dewey et al., 1991a). However, further stable isotope studies in infants consuming only
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breast milk (and complementary foods) from developed countries are needed to provide best
practise estimates of breast milk intake for future research.
!
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Test weighing: two 24-hour periods
each month from 6-12 months and
bimonthly from 12-16 months

71 infants (US)

Test weighing: three consecutive 24
hour periods at 2 weeks, 3, 5 and 7
months of age

10 infants (US)

(Dewey, Finley,
& Lonnerdal,
1984)

Test weighing: three consecutive
days at 3, 6, 12 and 24 months of age

(Krebs,
Reidinger,
Robertson, &
Hambidge,
1994)

76 infants (US): including 40 breastfed infants

(Butte, Wong,
Hopkinson,
Smith, & Ellis,
2000)

Test weighing: 24 to 96 hours

Test weighing: four days at 3, 6, 9
and 12 months of age

7 studies of infants in industrialised countries
including 351 partially breastfed infants aged
6-8 months of age

(Brown, Dewey,
& Allen, 1998)1

Measurement of breast milk intake

(Dewey, Heinig, DARLING study (US)
Nommsen, &
92 infants
Lonnerdal, 1991)

Subjects

Study

Table 2.3 Studies that have measured breast milk intake of infants between six and twelve-months of age

7 months (n=71): 640g/day

6 months (n=60): 769g/day
9 months (n=50): 646g/day
12 months (n=42): 448g/day

7 months (n=8): 875ml/day
8 months (n=7): 834ml/day

6 months male (n=12): 593g/day
12 months male (n=2): 604g/day
6 months female (n=18): 698g/day
12 months female (n=11): 381g/day

6-8 months: 592g/day

Mean volume or weight of breast
milk intake
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(Schoen, Sichert- DONALD study subsample of term infants
Hellert, &
who were ‘predominantly’ breastfed for the
1
Kersting, 2009)
first 4 months of life (Germany)
6 months (n)= 196
9 months (n)= 218
12 months (n)= 234

48 infants (UK)

13 multiparous Caucasian women who
exclusively breastfed for at least 5 months
(US)

(Neville et al.,
1988)

(Paul, Black,
Evans, Cole, &
Whitehead,
1988)1

251 infants (Netherlands)

Subjects

(Michaelsen,
Larsen,
Thomsen, &
Samuelson,
1994)1

Study

Table 2.3 continued

Test weighing: three consecutive
days at 3, 6, 9 and 12 months of age

Test-weighing: three consecutive
days each month from 2-10 months
of age

Test weighing: the first 14 days
postpartum, once weekly for weeks
3-8 postpartum and monthly for 3-12
months postpartum

Test weighing: two days at 2 and 4
months and five days at 9 months of
age

Measurement of breast milk intake

6 months male (n=96): 555 g/day
9 months male (n=117): 138 g/day
12 months male (n=115): 52 g/day
6 months female (n=100): 583 g/day
9 months female (n=101): 115 g/day
12 months female (n=119): 35 g/day

7 months male (n=21): 484g/day
8 months male (n=18): 340g/day
7 months female (n=16): 506g/day
8 months female (n=12): 367g/day

6 months (n=13): 766g/day
7 months (n=12): 721g/day
8 months (n=9): 622g/day

9 months (n=18): 318g/day

Mean volume or weight of breast
milk intake
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1

Sample included infants fed breast milk and infant formula

90 infants (UK) who were part of the Diet and
Nutrition Survey of Infants and Young
Children (DNSIYC)

(Lennox,
Sommerville,
Ong, Henderson,
& Allen, 2013)1

Stable isotopes: deuterium-labeled
water (2H2O)

Pooled analysis of 16 studies including 1115
Stable isotopes: deuterium-labeled
measurements of breast milk intake (12
water (2H2O)
countries: Bangladesh, Brazil, Chile, Kenya,
Malawi, Mexico, Papua New Guinea, Senegal,
The Gambia, USA, UK, Zambia)

(da Costa et al.,
2010)

Test weighing: five consecutive days
at 6 and 7 months of age

Measurement of breast milk intake

Group I: 9 infants
Group II: 8 infants
(US) who were exclusively breastfed to 5
months of age

Subjects

(Stuff et al.,
1986)

Study

Table 2.3 continued

6-9 months (n=39): 470 g/day

6 -7 months (n=71): 800 g/day
7-8 months (n=33): 740 g/day
8-9 months (n=73): 770 g/day

6 months (n=17): 640 g/day
7 months (n=8): 562 g/day

Mean volume or weight of breast
milk intake

2.5.2

Measurement"of"food"intake"at"seven"months"of"age"

Three dietary assessment methods have predominantly been used by large (n≥100) studies to
assess the food intake of infants around seven months of age; food frequency questionnaires,
single and multiple 24-hour recalls, and estimated food records (Table 2.4).
24 hour recalls
Twenty-four-hour recalls have a relatively low respondent burden and are less likely to alter
eating patterns than other dietary assessment methods (Gibson, 2005). However, use in
infants relies on parental recall and reporting. For infants who spend time with multiple
caregivers or in childcare there is increased investigator burden, as all caregivers must be
contacted to complete the recall (Livingstone et al., 2004; Serdula et al., 2001).
Single 24hrR’s can be used to estimate the average nutrient intake of a group, however
multiple 24hrR’s are required to estimate an individual’s usual intake (Gibson, 2005). There
is little evidence regarding the validity of 24hrR’s to estimate food intake in infants and
young children. Fisher et al (2008) found that a 24hrR underestimated the number of food
items eaten by infants (seven to 11 months old) compared to a three-day WFR. Mean energy
intake from meat was underestimated, and overestimated for fruit (Fisher et al., 2008). Also,
overestimation of intake significantly increased as the mean number of foods consumed
increased. Other studies have also found that foods are more likely to be missed from the
24hrR than added, snack foods and desserts are less likely to be recalled than main meal
items, and food group intakes may be overestimated (Horst, Obermann-De Boer, &
Kromhout, 1988; Serdula et al., 2001). In agreement with previous research, Fisher et al
(2008) also found that under and over estimation of portion sizes is prevalent (Serdula et al.,
2001).
Twenty-four-hour recalls are best used by large studies when the aim is to compare the mean
intake of groups and resource limitations prohibit use of repeated or prospective measures
(Gibson, 2005). Evidence that consumption of a greater number of foods decreases the
accuracy of 24hrR’s suggests that they are contraindicated in dietary assessment of BLW
infants, whose families are encouraged to provide their infant with a wide variety of foods,
particularly when comparisons are being made with infants following a conventional
complementary feeding approach.
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Food frequency questionnaires
Food frequency questionnaires have lower respondent and researcher burden than other
dietary assessment methods used for infants (Gibson, 2005). However, FFQs are best used to
rank individuals by level of food or nutrient intake (e.g., high/medium/low, or quartiles),
rather than measuring the actual intake of individuals or groups (Gibson, 2005). To quantify
food or nutrient intake using an FFQ, portion size as well as frequency of consumption, must
be collected. The food list and the portion size of foods (for quantitative FFQ’s) must be
tailored to the food consumption of the target population (Andersen, Lande, Arsky, & Trygg,
2003; Gibson, 2005). Food frequency questionnaire validation studies in infants and young
children have evaluated the validity of FFQ’s for measuring infant food intake (mean daily
servings, mean or median intake (g/day)), however none have included infants younger than
12 months of age (Andersen et al., 2003; Huybrechts, De Backer, De Bacquer, Maes, & De
Henauw, 2009; Klohe et al., 2005; Mills et al., 2014; Stein, Shea, Basch, Contento, & Zybert,
1992). A variety of standards have been used in FFQ validation studies in infants and young
children, including multiple 24hrR’s (Stein et al., 1992), multiple day EFR’s (Huybrechts et
al., 2009; Klohe et al., 2005) and five or seven day WFR’s (Andersen et al., 2003; Mills et al.,
2014).
Results from FFQ validation studies examining food intake in infants and young children are
mixed. Several have found that intake of “healthy” food groups, such as fruit and vegetables,
were significantly overestimated (Andersen et al., 2003; Huybrechts et al., 2009; Stein et al.,
1992). Conversely, several studies found significant underestimation of intakes of meat,
breads and cereals, and dairy products compared to the validation methods (Huybrechts et al.,
2009; Klohe et al., 2005; Mills et al., 2014). It has been suggested that use of inappropriate
portion sizes may be a contributing factor in such errors (Andersen et al., 2003). Also, young
infants are less likely to consume consistent portion sizes than older children and adults, and
may taste foods without consuming a “portion” (Andersen et al., 2003; Dewey et al., 1991b).
This may be of particular importance when BLW infants are examined during the early stages
of complementary food introduction, when they are likely to consume non-standard portions
and to leave a large amount of leftovers (Cameron et al., 2012; Dewey et al., 1991a).
Food records (estimated and weighed)
Food records are commonly used as the “gold standard” comparison method to examine the
validity of food intakes reported by other dietary assessment methods. Evidence suggests that
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three to five days of food records is sufficient to estimate the usual energy and nutrient intake
of infants (please see section 2.5.3) (Erkkola et al., 2011). However, validation studies have
not examined the accuracy of infant food intakes reported by food records, or investigated the
number of days required to estimate usual intake. A weakness of food record dietary
assessment techniques is the potential to alter behaviour (Gibson, 2005; Livingstone et al.,
2004). Parents may alter infant feeding behaviour due to social desirability bias (offering
“healthier” foods), or simplify the pattern of infant feeding to reduce the burden of recording.
Large studies of infant food and nutrient intakes have tended to use EFR rather than WFR.
Weighed food records convey higher participant and researcher burden and have rarely been
used in large-scale studies to assess infant food intake. However, evidence suggests that
parental estimation of infant portion size is prone to error (Livingstone et al., 2004; Serdula et
al., 2001). The large variation in the day-to-day consumption of infants during early
complementary feeding means that collection of multiple days may provide the best estimate
of infant food intake (Livingstone et al., 2004; Serdula et al., 2001).
The current study aims to compare the proportion of infants consuming each food group and
the percentage of energy contributed by food groups for Baby-Led and conventionally
weaned infants. Only a single day of dietary assessment is required to compare the mean
intakes of groups if the sample is sufficiently large, however, collection of multiple days is
indicated when recruitment of a sufficiently large sample is not possible (Gibson, 2005). As
such, multiple days of food records are the most appropriate dietary assessment method to
assess infant food intake in the current study.
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Growing up in New Zealand birth cohort
(New Zealand)
Adelaide infants (Australia)

(Morton et al., 2012)

(Conn, Davies, Walker, &
Moore, 2009)

3-day estimated food record

Avon Longitudinal Study of Pregnancy
and Childhood (ALSPAC) (UK)
Diet and Nutrition Survey of Infants and
Young Children (DNSIYC) (UK)
Småbørns Kost Og Trivsel
(SKOT) cohort (Denmark)

(Noble & Emmett, 2001)

(Lennox, Sommerville, Ong,
Henderson, & Allen, 2013)

(Gondolf, Tetens, Michaelsen,
& Trolle, 2012)

7-day pre-coded estimated
food record

4-day estimated food record

4-day estimated food record

Food frequency
questionnaire

Food frequency
questionnaire

Food frequency
questionnaire

Three 24-hour recalls

Single 24-hour recall

Dietary assessment
method

(Friel, Isaak, Hanning, & Miller, Canadian infant feeding market survey
2009)
(Canada)

Infant Feeding Practices Study II (IFPS
II) (US)

Melbourne Infant Feeding Activity and
Nutrition Trial Program (InFANT)
(Australia)

(Lioret, McNaughton, Spence,
Crawford, & Campbell, 2013)

(Fein et al., 2008)

Feeding Infants and Toddlers Study
(FITS) (US)

(Devaney et al., 2004)

Study

Table 2.4 Dietary assessment methods used by large studies to measure infant food intake

312 infants aged 9 months

2683 infants aged 4-18 months

1131 infants aged 8 months

2663 infants aged 3-12 months

1990 infants aged 7! months

341 infants aged 9 months

6470 infants aged 9 months

177 infants aged nine months

3000 infants aged 4-24 months

Participants

2.5.3

Measurement"of"nutrient"intake"at"seven"months"of"age"

Infant nutrient intakes have mainly been assessed using four dietary assessment techniques:
24-hour dietary recalls, food frequency questionnaires, estimated food records, and weighed
food records. The choice of method is dependent on study aims and available resources. Food
frequency questionnaires and 24hrR’s have lower participant and investigator burden than
food records (Gibson, 2005). Food frequency questionnaires are best used to group
participants by level of intake (low/medium/high). Single 24hrR’s can be used (with an
appropriately representative sample) to assess the usual intake of a population. Multiple days
of data are required in order to estimate individuals’ usual intake, either multiple 24hrR’s or
multiple day food records (estimated or weighed) (Gibson, 2005).
24 –hour recalls
Single and multiple 24hrR’s have been used to assess infant nutrient intake in studies in
developed countries (Butte et al., 2010; Devaney, Ziegler, Pac, Karwe, & Barr, 2004b; Lioret
et al., 2013). However, relatively few studies have assessed the validity of 24hrR’s for
estimating energy and nutrient intakes in infants. The scarce current evidence suggests that
24hrR’s tend to overestimate energy and nutrient intakes for infants (Fisher et al., 2008; Horst
et al., 1988; Livingstone et al., 2004; Serdula et al., 2001). Fisher at al (2008) found that a
24hrR over estimated energy intake by 13% in seven to eleven month old infants in
comparison to a three-day WFR (Fisher et al., 2008). Also, over-reporting of energy intake by
the 24hrR increased, compared to a three-day WFR, as the average number of food items
increased (Fisher et al., 2008). Despite the lower respondent and researcher burden of the
24hrR method, there is insufficient evidence regarding their validity in infants to support their
use in the current study. Also, it is not known whether BLW infants consume a greater variety
of foods in accordance with BLW guidelines (Rapley & Murkett, 2008), which could lead to
overestimation of energy and nutrient intakes in accordance with the findings of Fisher et al
(2008), and introduce bias when comparisons are made with those following conventional
weaning.
Food frequency questionnaires
Few FFQ validation studies have examined their validity for measuring infant nutrient intake.
A small (n=12) study in toddlers (mean age 3.2 years) is the only FFQ validation study in
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young children that has compared energy intake from an FFQ to total energy expenditure
measured by doubly labelled water (DLW). They also collected a four-day WFR and found a
good correlation between mean energy intake estimated by the WFR and DLW, however the
correlation between the FFQ and DLW was poor (Collins et al., 2013). Marriott et al (2008;
2009) conducted FFQ validation studies in six and 12-month infants comparing nutrient
intakes measured by a FFQ and a four-day WFR. There was a higher correlation between the
methods for energy and nutrient intakes estimated for the six-month-old infants than for the
12-month-old infants. Mean differences between the methods were also smaller for the sixmonth-old infants (Marriott et al., 2009; Marriott et al., 2008). The FFQ over estimated
intakes of energy at both time points, and intake of all nutrients was over estimated at 12
months, and for most at six months. A semi-quantitative FFQ in 12-month-old infants found
that the FFQ significantly overestimated intake of energy, protein, fat, carbohydrates, fibre
and all micronutrients investigated, apart from calcium, in comparison to a seven-day WFR
(Andersen et al., 2003).
As with estimation of food intakes (please see section 2.5.2), incorporation of appropriate
portion sizes for the study population and relevant foods in the food list is key in order to
accurately estimate individuals’ nutrient intakes (Gibson, 2005). Small portion sizes with
large intra- and inter-individual variation day-to-day may explain the common findings of
overestimation of nutrient intakes in young children (Livingstone et al., 2004; Serdula et al.,
2001). However, there is a paucity of evidence regarding the accuracy of infant nutrient
intakes estimated using FFQ’s. The findings of Marriott et al (2008; 2009) suggest that FFQ’s
may be more accurate in younger infants (six-months of age), in the early stages of
complementary food introduction, in comparison to older infants (12-months of age).
The food list is also vital for accurate estimation of nutrient intakes by a FFQ. The food list
for a population is based on previous published evidence regarding the foods consumed by the
population of interest (Gibson, 2005). There are no data on the food consumption of BLW
infants, and it is not known whether the method of complementary feeding affects food
intake. As such, despite the lower cost, and lower participant and investigator burden of the
method, FFQ’s are inappropriate for use to assess the nutrient intake of BLW infants at this
time.
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Food records
Two studies have examined the validity of EFR’s in comparison to WFR’s and metabolisable
energy measured by DLW (Gondolf et al., 2012a; Lanigan, Wells, Lawson, & Lucas, 2001).
They found no significant difference between the EFR and WFR estimation of mean energy
intake for groups of infants, however EFRs were not accurate for estimating the energy and
nutrient intake of individuals. Few large studies have used WFR’s to measure infant nutrient
intake due to their greater respondent and researcher burden compared to more commonly
used methods (Alexy, Kersting, Sichert-Hellert, Manz, & Schoch, 1999; Kylberg, 1986;
Verwied-Jorky et al., 2011). A systematic review including validation studies (1973-2009)
comparing dietary assessment techniques in infants and children with measurement of energy
intake by DLW found that WFR provided the best estimate of energy intake (Burrows,
Martin, & Collins, 2010).
Assessment of the dietary intake of infants introduced to complementary foods using a BabyLed approach is important for a number of reasons. First, there are no published data
regarding the food or nutrient intake of BLW infants. Second, dietary assessment allows more
detailed collection of feeding behaviours in order to improve understanding of how BLW
infants are fed. Third, it will enable development of more objective measures to define
adherence to a Baby-Led approach to complementary feeding. Data collected can include:
who fed the infant each food offered, the form the food is offered in (whole/mashed/puréed),
whether foods offered were “family foods” and whether the infant was eating their meal with
the family. Prospective techniques (EFR and WFR), which are not subject to recall bias,
represent the best choice for collection of such detailed infant feeding behaviour.
It is the aim of the current study to compare the mean energy and nutrient intakes of infants
introduced to complementary foods using Baby-Led and conventional methods. Comparison
of the mean intake of groups usually requires a single day of dietary assessment if the size of
the sampled population is sufficiently large (Gibson, 2005). The number of subjects needed
may be calculated if the intra- (within subject) and inter-individual variation (between
subjects) in day-to-day nutrient intakes of the sampled population is known (Gibson, 2005).
However, this cannot be calculated for BLW infants, as there is no published data for their
nutrient intakes. Therefore, collection of multiple days is best to ensure sufficient data to
compare the group mean nutrient intakes.
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Overall, evidence suggests that WFR’s are the most accurate dietary assessment technique to
estimate infants’ food and nutrient intakes, particularly in the context of the unique
characteristics of the Baby-Led approach. However, WFR’s also convey a greater participant
burden than other methods. For dietary assessment in infants a balance must be struck
between collecting enough days to provide adequate data, and creating a prohibitive study
burden for the main caregivers of young infants. The current study will use a three-day WFR
to achieve this balance.

2.6

Infant"food"intake"at"seven"months"of"age"

Summary statistics used to report infant food intake
Infant food intake has been reported in several ways, most commonly: 1) the percentage or
proportion of infants who consumed a food or food group during the dietary assessment
period (Conn et al., 2009; Fox, Pac, Devaney, & Jankowski, 2004; Friel, Hanning, Isaak,
Prowse, & Miller, 2010; Gondolf et al., 2012b; Grummer-Strawn, Scanlon, & Fein, 2008;
Lennox et al., 2013; Lioret et al., 2013; Morton et al., 2012; Noble & Emmett, 2001), 2) the
estimated mean or median grams of the food group consumed per day (Conn et al., 2009;
Gondolf et al., 2012b; Lennox et al., 2013; Noble & Emmett, 2001), or 3) the mean
percentage of total energy intake (and other nutrients) contributed by each food group (Fox,
Reidy, Novak, & Ziegler, 2006; Gondolf et al., 2012b; Lennox et al., 2013). Less common
reporting methods have included: the mean percentage of total complementary food volume
(in tablespoons) contributed by a food group (Friel et al., 2009), the number of infants who
eat from a food group daily (Skinner et al., 1997), and the percentage of infants who have
ever tried a food in a food group (Morton et al., 2012).
Age categories used to report food intake
Studies reporting the food intake of infants at seven months of age in developed countries
similar to NZ are limited. Therefore, for the purposes of this review, published papers
reporting food intakes of infants approximately seven to nine months of age have been
included. A variety of approaches have been used to group infants by age in order to report
food intake. The FITS (Devaney et al., 2004a) and The Infant Feeding Practices Study II
(IFPS II) (Fein et al., 2008b), two large studies conducted in the US, grouped seven and eight
month old infants together. The UK DNSIYC reported intakes of seven, eight and nine month
old infants as a group (Lennox et al., 2013). A Canadian study is the only recent large study in
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a developed country to report the food intake of seven-month-old infants as a distinct group
(Friel et al., 2010; Friel et al., 2009). The UK Avon Longitudinal Study of Pregnancy and
Childhood (ALSPAC) reported the dietary intake of over 1000 eight-month-old infants
(Noble & Emmett, 2001). Large studies reporting the food intake of New Zealand and
Australian infants have included only nine-month-old infants (Conn et al., 2009; Lioret et al.,
2013; Morton et al., 2012).

Methods used to account for foods eaten as mixed dishes
Many foods, either commercially prepared foods or recipes prepared at home, include
ingredients from more than one food group. These “mixed dishes” are a source of difficulty in
the investigation of food intakes. They can be collected into a single food group, however,
this many result in a very disparate combination of foods and recipes being reported together.
Disaggregation is when foods consumed as part of a combined dish are separated out for
reporting of food group consumption. For example, a pasta dish with a tomato and meat sauce
would be divided into meat, vegetables and grain products rather than being reported as a
“combined dish”. The FITS and DNSIYC studies used disaggregation of composite foods and
dishes in order to gauge intake of food groups with greater accuracy. This method of food
group reporting may be particularly important for analysing the food intake of BLW infants.
Baby-Led Weaning infants are likely to eat a greater proportion of mixed dishes as a result of
eating family foods (please see section 2.2.2). Without disaggregation this may effectively
reduce their apparent intake of food groups such as meat, fruit, vegetables and grain or cereal
products, which are commonly consumed in combined dishes as part of family meals.
New Zealand and Australian food intake data
There is little recent research investigating the food intake of NZ infants between six and 12
months of age. The NZ longitudinal birth cohort study ‘Growing Up in New Zealand’
reported the frequency of consumption of different food types in 6470 infants at around nine
months of age (Morton et al., 2012). Fruit, vegetables, meat (including chicken and meat
dishes) and bread were most likely to be consumed daily at nine months of age. Over half
(53%) of infants had tried sweets, chocolate, hot chips or potato crisps at least once, although
the number of daily consumers was low. In comparison, less than a quarter (23%) of infants
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had ever tried nuts or peanut butter. Interestingly over 10% of infants had never tried meat
and around 15% had never consumed baby rice.
Two Australian studies have also reported the food intake of nine-month-old infants (Conn et
al., 2009; Lioret et al., 2013). Cereals, fruit and vegetables were the most commonly
consumed food groups by infants in both studies. The first study (Conn et al., 2009) reported
that only 70% of infants had consumed meat or poultry in the previous month, conversely the
second study (Lioret et al., 2013) reported that over 80% of infants had consumed meat or
poultry during three days of dietary assessment and overall 90% of infants had consumed
animal products of some kind (meat products, meat, poultry, fish and eggs). Reporting of
commercial baby food consumption differed between the studies. Lioret et al (2013) reported
consumption of all ‘baby foods’ as one food group (infant cereal products, infant dinners and
infant desserts), which was consumed by 90% of infants. Conn et al (2009) reported only
‘baby foods’ classified as “infant dinners” (commercially prepared infant food that was
marketed as a ‘meal’) as a separate food group, which was consumed by 60% of infants.
United States, Canadian and United Kingdom food intake data
The UK ALSPAC examined the dietary intake of over 1000 eight-month-old infants using a
three-day EFR (Noble & Emmett, 2001). Commercial infant foods were reported as separate
categories: dried “instant foods”, eaten by 58% of infants, and commercial food in jars and
cans, consumed by 74% of infants. Breakfast cereals (71%), vegetables (75%), bread (66%)
and fruit (66%) were the most commonly consumed non-commercial infant foods. Meat,
poultry and meat products were eaten by 58% of infants.
The UK DNSIYC reported the food intake of 630 seven to nine month old infants using a
four-day EFR (Lennox et al., 2013). Fruit (77%), cooked vegetables (74%) and yoghurt
(75%) were the most commonly reported food groups, although overall they contributed less
than 20% of mean daily energy from food sources (excluding infant milks). Unfortunately,
the overall percentage of consumers for certain food groups (e.g., meat and meat products,
cereal and cereal products) was not provided making it difficult to gauge consumption. Meat
products were reported as nine different food groups including four “homemade” categories,
four “commercially prepared” categories, and commercial infant foods containing meat and
fish. Six categories of commercial infant foods were reported: meat and fish based dishes
(61%), cereal based dishes (67%) and commercial infant snacks (62%) were all eaten by over
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60% of infants. Commercial infant foods provided the greatest food source of energy in the
infants’ diets, providing 31% of mean daily energy.
The US IFPS II measured the frequency of food consumption during the previous seven days,
for 1990 seven and eight month old infants (Fein et al., 2008b; Grummer-Strawn et al., 2008).
Cereal (92%), fruit (91%) and vegetables (93%) were the most commonly consumed food
groups. Less than half (49%) of the infants had consumed any meat products in the preceding
week. Commercial infant food consumption was not reported apart from “baby cereal” (86%).
Dairy products had been consumed by only 16% of infants in the prior week and ten percent
had eaten “any sugary/fatty food”.
The FITS is a large cross-sectional nationally representative survey of US infants and young
children conducted in 2002 and 2008 (Siega-Riz et al., 2010). It included 708 six, seven and
eight month old infants in 2002, and 249 in 2008. A single 24hrR was to estimate food intake,
the shortest dietary assessment period of all of the studies referred to in the current review
(Devaney et al., 2004a). Grain products were the most commonly consumed food group
(approximately 90%) at both time points, and in both studies around 80% of infants consumed
infant cereal during the 24 hours of dietary assessment. Fruit (73% (2002), 64% (2008)) and
vegetables (67% (2002), 63% (2008)) were the next most commonly consumed foods,
particularly baby food fruit (66%, 50%) and vegetables (57%, 51%). Non-baby food fruit and
vegetables were consumed by far fewer infants. Consumption of baby food fruit was
significantly lower in 2008, and non-baby food fruit intake was higher, although this was not
significant. Less than half of infants (47%, 38%) consumed “any meat or protein source”
(including beans, eggs, peanut butter, nuts, seeds, cheese and yoghurt) and consumption of
meat both from baby food (5%, 5%) and non-baby food (4%, 6%) was low at both time
points.
A large Canadian cross-sectional market survey used four-day EFR’s to measure infants’
complementary food intake, including 320 seven-month-old infants (Friel et al., 2010; Friel et
al., 2009). Fruit and vegetables were the most commonly consumed foods, eaten by more than
90% of infants aged seven months. Meat was consumed by less than a quarter (23%) of
infants and chicken by less than a third (28%). Reported consumption of meat and poultry is
low in comparison to the findings of other studies. However mixed dishes with combinations
of meat, poultry, pasta, rice or vegetables were reported as a separate category, eaten by 39%
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of infants. (Friel et al., 2010). Friel et al (2010) reported infant cereal consumption (73%) and
‘toddler foods’ (1%) but did not define which commercial foods were included in this
category or describe the handling of other commercial baby foods.
Despite differences in the period of dietary assessment, the age range of infants included, the
classification of foods into food groups, and the age of the study and the country of origin,
common trends in food intake are apparent across these large studies. Fruit and vegetables
were among the most commonly consumed foods by infants in all of the studied populations,
though the source of intake varied. In the US FITS consumption of baby food fruit and
vegetables was common, whereas consumption of other fruit and vegetables was rare (SiegaRiz et al., 2010). In contrast, the UK DNSIYC found high consumption of non-baby food fruit
and vegetables in addition to moderate consumption of commercial infant fruit based dishes
(Lennox et al., 2013). However, large differences in food intake are also apparent.
Consumption of dairy products and meat, poultry and meat products was extremely variable
between the studies. Yoghurt was among the most commonly consumed foods in the UK
DNSIYC, however in the US FITS yoghurt was consumed by only 7% of infants during 24hours of dietary collection (Lennox et al., 2013; Siega-Riz et al., 2010).
There are virtually no published data regarding the food intake of infants who are introduced
to food using a Baby-Led approach to complementary feeding. Rowan and Harris (2012)
reported the foods that ten families using BLW offered their infants at eight to nine months of
age during three days of dietary assessment to determine the percentage that were family
foods. Food offered included: fruit, vegetables, bread, crackers, pasta, rice, hot cereal,
biscuits, yoghurt, tofu, cheese, eggs, hummus, nut butters, soup, pork, beef, lamb, chicken and
fish. However, no information was provided on the amount offered or consumed of these
foods.
Infant self-feeding, offering finger foods and family foods, and offering infants a wide variety
of food are important components of the BLW approach (please see section 2.2.2). Therefore
it is important to determine whether these factors lead to differences in food intake compared
to infants who are conventionally weaned.
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2.7

Infant"nutrient"intake"at"seven"months"of"age"

Few large studies have examined the nutrient intake of infants at seven months of age and
there are no published data on the nutrient intake of infants introduced to complementary
foods using the BLW approach. Infant macronutrient intakes reported by large (n≥100)
studies of infants around seven months of age are shown in Table 2.5. Intakes of minerals
and vitamins are shown in Tables 2.6 and 2.7 respectively. All nutrient intakes are from
complementary foods and infant milk feeds (infant formula and estimated breast milk) except
the study of Canadian infants, which is the only study that has investigated infant nutrient
intakes from complementary foods only (Friel et al., 2010; Friel et al., 2009).
Estimates of energy intake (from food and milk feeds) range from 3.27 to 3.72 MJ/day.
Protein provided 10-14% of energy, fat approximately 35-38% and carbohydrate 50-56%.
Friel et al (2010) found that energy intake from complementary food was one MJ/day,
approximately 26-30% of the total energy intake reported by other studies. Protein from
complementary foods contributed 13% of energy, similar to the reported intakes from food
and infant milks. However, the percentage of energy from fat (19%) was lower than that
reported from food and milk, suggesting that most of the infants’ fat intake comes from their
milk feeds. Conversely, carbohydrates from complementary foods contributed a greater
proportion of energy intake (69%) compared to infant milk. Reported intakes of folate were
higher in the FITS, likely due to mandatory fortification of flour in the US which was
instituted in 1998 (Honein, Paulozzi, Mathews, Erickson, & Wong, 2001). Iron and zinc
intakes are not included in this thesis as they are the subject of another student’s work.

!
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3.31 (0.70)

24.7 (7.8)

Energy (MJ)

Protein (g)

15.7 (3.0)

108 (24.0)

51.6 (5.2)

% energy

Carbohydrate (g)

% energy

6.3 (2.7)

32.7 (6.0)

32.0 (8.0)

14.0 (5.0)

103 (21.0)

4.0 (2.0)

NS 9

6.0

NS 9

NS 9

56.0

127

-

NS 9

51.9 (6.2)

106 (28.2)

-

NS 9

NS 9
-

35.0

35.0

10.0

23.0

3.82

n=483
mean

7-11 months

FITS 20024

37.9 (6.0)

35.8 (11.6)

12.1 (2.2)

24.9 (8.4)

3.48 (0.91)

n=309
mean (SD)

9 months

SKOT
cohort3

6 .0 (0.1)

-

NS 9

54.0 (0.2)

114 (1.6)

16.0 (0.1)

14.0 (0.2)

38.0 (0.2)

35.0 (0.4)

10.0 (0.1)

22.4 (0.59)

3.58 (0.05)

n=505
mean (SE)

6-11 months

FITS 20085

(Devaney, Ziegler, Pac, Karwe, & Barr, 2004)
(Butte et al., 2010)
6
(Conn, Davies, Walker, & Moore, 2009)
5

4

4.0 (2.0)

67.0 (15.0)

50.8 (5.6)

111 (24)

15.5 (3.4)

15.0 (5.0)

35.4 (5.1)

34.0 (9.0)

72.0
(17.0)

27.0 (8.0)

3.28 (0.65)

girls: n=513
mean (SD)

13.7 (2.7)

29.0 (9.0)

3.52 (0.72)

boys: n=618
mean (SD)

(All n=1131)

8 months

ALSPAC2

(Lennox, Sommerville, Ong, Henderson, & Allen,
2013)
2
(Noble & Emmett, 2001)
3
(Gondolf, Tetens, Michaelsen, & Trolle, 2012)

1

Fibre (g)

% energy

67.8 (15.8)

13.8 (4.3)

Saturated fat (g)

Sugars (g)

36.2 (5.4)

31.8 (8.7)

% energy

Fat (g)

12.4 (2.4)

n=630
mean (SD)

Sample size

% energy

7-9 months

1

DNSIYC

Infant age

Study

6.9 (2.6)

33.8 (6.8)

78.0 (18.0)

49.8 (4.6)

116 (21.0)

15.7 (3.1)

16.0 (4.0)

34.9 (4.3)

35.0 (7.0)

13.8 (2.3)

30.0 (8.0)

3.72 (0.60)

Non-BF:n=220
mean (SD)

NS 9

-

NS 9

-

NS 9

NS 9

NS 9
NS 9

42 (25)

-

NS 9
98.5 (24.0)

NS 9

NS 9

NS 9
17.5 (5.2)

5 (5)

NS 9

8 (6)

0.98 (0.61)

n=320
mean (SD)

7 months

(food only)

Canada8

33.4 (8.0)

NS

9

29.0 (10.9)

3.45 (0.79)

n=177
mean (SD)

9 months

AUS Melb7

(Lioret, McNaughton, Spence, Crawford, & Campbell,
2013)
8
(Friel, Hanning, Isaak, Prowse, & Miller, 2010)
9
NS: not specified

7

7.1 (2.8)

33.9 (5.5)

69.0 (17.0)

49.6 (4.9)

101 (19.0)

17.2 (3.1)

15.0 (4.0)

36.8 (6.0)

33.0 (8.0)

11.9 (2.7)

23.0 (7.0)

3.27 (0.60)

BF:n=121
mean (SD)

(All n=341)

9 months

AUS - Adel6

Table 2.5 Infant macronutrient intakes from infant milk (breast milk and infant formula) and complementary foods
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528 (21.2)

NS 8

NS 8
NS 8

NS 8

1129 (18.9)

NS 8
NS 8

101 (1.8)

603 (11.5)

mean (SE)

n = 505

6-11 months

117

632

mean

n = 483

7-11 months

FITS – 20023 FITS – 20084

453 (228)

NS 8

NS 8

1212 (330)

91 (28)

489 (147)

mean (SD)

BF n = 121

(Friel, Hanning, Isaak, Prowse, & Miller, 2010)
NS: not specified

153 (140)

NS8

9 (10)

459 (326)

40 (35)

241 (221)

mean (SD)

n = 320

7 months

(food only)

Canada7

8

499 (225)

99.6 (30.4)

NS 8

1355 (422)

113 (36.3)

644 (257)

mean (SD)

n = 177

9 months

AUS – Melb6

7

554 (298)

NS 8

NS 8

1406 (365)

114 (27)

724 (209)

mean (SD)

Non BF n = 220

(All n = 341)

9 months

AUS – Adel5

(Butte et al., 2010)
5
(Conn, Davies, Walker, & Moore, 2009)
6
(Lioret, McNaughton, Spence, Crawford, & Campbell,
2013)

NS 8

NS 8
4

79 (33)

NS 8

NS 8
84 (35)

1149 (311)

NS

8

629 (233)

1253 (356)

NS

8

689 (240)

mean (SD)

girls n = 513

(All n = 1131)

(Lennox, Sommerville, Ong, Henderson, & Allen, 2013)
2
(Noble & Emmett, 2001)
3
(Devaney, Ziegler, Pac, Karwe, & Barr, 2004)

1

422 (232)

Sodium (mg)

18 (6)

Selenium (µg)

102 (36)

1111 (300)

Potassium (mg)

Iodine (µg)

93 (27)

Magnesium (mg)

575 (163)

mean (SD)

mean (SD)

Calcium (mg)

boys n = 618

n = 630

Sample size

8 months

7-9 months

Infant age

ALSPAC2

DNSIYC1

Study

Table 2.6 Infant mineral intakes from infant milk (breast milk and infant formula) and complementary foods
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(Lennox, Sommerville, Ong, Henderson, & Allen, 2013)
2
(Noble & Emmett, 2001)
3
(Devaney, Ziegler, Pac, Karwe, & Barr, 2004)

1

NS 8

93.6 (54.1)

106 (31)

NS 8

125 (35)

Folate (µg)

2.2 (1.7)

Vitamin E (mg)

2.0 (1.0)

Vitamin B12 (µg)

0.8 (0.2)

5.1 (3.2)

0.7 (0.3)

Vitamin B6 (mg)

14.0 (3.5)

8.9 (3.1)

11.4 (3.9)

Niacin (NE) (mg)

1.2 (0.4)

Vitamin D (µg)

1.0 (0.3)

Riboflavin (mg)

1.0 (03)

77.4 (25.3)

0.8 (0.2)

Thiamin (mg)

900 (420)

Vitamin C (mg)

991 (448)

mean (SD)

mean (SD)

Vitamin A (RE) (µg)

boys n = 618

n = 630

Sample size

10.0

7.7

104

208

1.9

0.8

11.0

1.3

0.9

774

mean

n = 483

7-11 months

6 (0.2)

7.1 (0.2)

90 .0(1.7)

219 (4.3)

2.4 (0.19)

0.8 (0.02)

11 (0.2)

1.2 (0.04)

0.9 (0.03)

744 (8.2)

mean (SE)

n = 505

6-11 months

FITS – 20023 FITS – 20084

8

NS
NS

8
8

NS: not specified

8

NS 8

0.5 (0.9)

19.0 (19)

34.0 (26)

0.6 (4.6)

0.3 (0.2)

6 .0 (6)

0.5 (0.4)

0.4 (0.3)

NS 8

mean (SD)

n = 320

7 months

(food only)

Canada7

(Friel, Hanning, Isaak, Prowse, & Miller,
2010)

7.4 (4.3)

NS 8

103 (44.0)

161 (72.2)

NS

8

NS 8

20.3 (8.5)

1.4 (0.6)

1.0 (0.5)

NS

8

mean (SD)

n = 177

9 months

AUS – Melb6

7

NS 8

NS 8

NS 8
NS 8

123 (64.0)

91.0 (55.0)

NS

8

NS 8

NS 8
NS

8.9 (3.1)

1.5 (0.5)

1.0 (0.4)

832 (264)

mean (SD)

6.6 (2.6)

1.0 (0.4)

0.7 (0.4)

777 (319)

mean (SD)

Non-BF n = 220

(All n = 341)

9 months

AUS – Adel5

BF n = 121

(Butte et al., 2010)
5
(Conn, Davies, Walker, & Moore, 2009)
6
(Lioret, McNaughton, Spence, Crawford, & Campbell,
2013)

4

NS 8

4.5 (3.0)

85.3 (51.3)

98 (28)

2.0 (1.9)

0.7 (0.2)

13.0 (3.6)

1.1 (0.4)

0.9 (0.3)

844 (456)

mean (SD)

girls n = 513

(All n = 1131)

8 months

7-9 months

Infant age

ALSPAC2

DNSIYC1

Study

Table 2.7 Infant vitamin intakes from infant milk (breast milk and infant formula) and complementary foods

2.8

Conclusion"

Evidence suggests that the BLW approach to complementary feeding is growing in popularity
with families in NZ and overseas. The limited published research available has largely used
self-identification or surrogate measures to define adherence to the BLW approach. This
literature review has demonstrated the need for development of objective adherence measures
that examine key BLW behaviours, in particular infant self-feeding.
Baby-Led Weaning guidelines advocate offering infants a wide variety of foods of varying
tastes and textures. But little is known about the food and nutrient intakes of infants who are
adherent to BLW. Few studies have examined the validity of dietary assessment techniques to
examine food and nutrient intake in infants following conventional weaning, let alone those
following BLW. However, retrospective dietary assessment techniques have been found to be
less accurate in infants as dietary variety increases, so prospective dietary assessment
techniques are likely to be better suited to assess the dietary intake of BLW infants. There is
no evidence regarding the comparative validity of WFR and EFR to measure food intake in
infants. However, in comparison to metabolisable energy measured by DLW, WFR’s provide
more accurate estimation of individual energy intake than EFR’s, and as such represent the
most appropriate dietary assessment technique to meet the aims of the current study.
!
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3

Methods""

3.1

“Baby'Led"Introduction"to"SolidS”"(BLISS)"study""

3.1.1

Study"design"

The Baby-Led Introduction to SolidS (BLISS) study was a two-arm randomised controlled
trial, involving 206 infants and their families recruited from Dunedin, NZ. The study aimed to
investigate whether a modified version of the Baby-Led approach to introducing
complementary food encouraged better self-regulation of energy intake, and prevented the
development of overweight, without detrimental effects on iron status and growth during two
years of follow up. Baby-Led Weaning is a complementary feeding approach that
recommends parents delay introduction of solid foods until six months, offer ‘whole’ (babyfist size) pieces of foods, allow infants to feed themselves solid foods (rather than being
spoon-fed puréed foods), include infants at family meal times, and offer family foods when
practical (please see section 2.2.2). The BLISS study utilised a modified Baby-Led approach
that focused on including high-iron foods (e.g., strips of steak, pate, hummus) and highenergy foods (e.g., avocado, cheese) at each meal and on reducing the risk of infants choking
by avoiding high risk foods (e.g., raw apple) (Cameron, 2014). Participants randomised to the
Usual Care group were able to use any method of complementary food introduction. The
BLISS study has full ethical approval from the Lower South Regional Ethics Committee
(LRS 11/09/037). Written informed consent was obtained prior to birth from the primary
caregiver of each infant enrolled in the study.
This thesis uses data collected using the BLISS study Maternal Baseline Questionnaire
(collected during pregnancy); Feeding Questionnaires collected at two, four, six, seven and
eight months postpartum; and a three-day Weighed Food Record collected at seven months.
The study was conducted at the Department of Human Nutrition, University of Otago
(Dunedin, New Zealand).
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3.1.2

Participants"and"recruitment"

The BLISS study recruited 206 pregnant women between November 2012 and February
2014. Eligible participants were identified via weekly screening of the Queen Mary Maternity
Centre (Dunedin Hospital) delivery bookings. Queen Mary Maternity Centre is the sole
birthing unit in the city of Dunedin and provides primary, secondary and tertiary maternity
services for more than 97% of births in Dunedin city.
Inclusion criteria for infants and families in the BLISS study were: mothers were booked
before 35 weeks gestation for delivery at Queen Mary Maternity Centre, at least 16 years of
age, had a home address within metropolitan Dunedin, intended to live in the metropolitan
Dunedin area for the next two years, were able to communicate in English or Te Reo Māori
(the language of the indigenous people of New Zealand), and had a singleton birth. Infants
and families were excluded from the BLISS study if: the infant was born prior to 36.5 weeks
gestation, or if an abnormality or illness was detected after birth that the BLISS study
paediatrician determined was likely to affect the infant’s feeding or growth.
Eligible families received a study invitation letter and information sheet at 28 to 33 weeks
gestation detailing expected participant burden, and potential benefits and risks of
participation. BLISS study answerphone contact details were provided for families to leave a
message during a two-week opt out period if they were not interested in participating.
Families who had not opted out were contacted by phone at 30 to 35 weeks gestation so that
they could ask questions, and if they were interested in participating, to arrange a recruitment
and consent home visit to take place at 30 to 36 weeks gestation. Families could decline to
participate in the study: during the phone call to arrange the home visit, during the home visit,
or at any stage by contacting the study answerphone. Written informed consent was obtained
at the recruitment and consent home visit, at which time the baseline questionnaire was
administered. Randomisation was carried out after the Baseline Questionnaire was completed.
Participants were not offered remuneration to take part in the BLISS study. However, to thank
them for their contribution participants were given several small gifts (e.g. wipeable play mats
and small children’s picture books) throughout the study, and prize draws were run to
encourage completion of WFR’s.

48

Families were randomised to either the BLISS Intervention group or the Usual Care group
(control) group. Prior to randomisation mothers were stratified into one of four strata
according to parity (primipara versus multipara) and maternal education level (tertiary
qualification versus no tertiary qualification) using questions 9 and 26 in the Maternal
Baseline Questionnaire (Appendix A). Stratification by parity and maternal education ensured
equal distribution of maternal characteristics that may impact the primary study outcome.
Stratified block allocation with a random block length was used to ensure approximately 100
families were randomised to each study arm. Study allocations were placed in sequential
opaque envelopes in a separate box for each of the four randomisation strata. After allocation,
participant blinding was not possible. However, all outcome assessment data was collected by
research personnel blinded to group allocation.

3.1.3

BLISS"intervention"and"resources""

All families received standard Well Child care from the provider of their choice. Well Child
visits are typically carried out on seven occasions before seven months of age: at birth, during
the first week and at weeks 2-4, 4-6 and 8-10, and at 3-4 months and 5-7 months
(http://www.wellchild.org.nz/).
In addition, the BLISS Intervention group received five contacts before seven months of age:
an antenatal education session, three Lactation Consultant contacts, and a BLISS advice visit.
In the antenatal session the BLISS Lactation Consultant gave families information about: the
BLISS study, what BLW is and why it is under investigation, questions parents commonly
ask about using a Baby-Led approach to solid food introduction, and information on some of
the BLISS study resources families would receive. The BLISS study Lactation Consultant
also provided antenatal breastfeeding support including advice on early breastfeeding
expectations, and the benefits of exclusive breastfeeding for six months.
Mothers in the Intervention group received a lactation support visit at one week postpartum
from the BLISS study Lactation Consultant, and phone calls at three and a half and five
months postpartum. Mothers also had the option to receive additional visits as required. The
Lactation Consultant support focused on prolonging exclusive breastfeeding, and delaying the
introduction of solids until six months of age.
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Study personnel carried out BLISS advice visits at five and a half months postpartum. At five
and a half months families in the Intervention group received BLISS resources comprising:
“Why Baby-Led Introduction to SolidS” booklet, “Getting Started” booklet, “BLISS in a
Nutshell” sheet, “First Foods” booklet and “First Foods Recipes” booklet, “Safety when
Starting Food” booklet and a laminated page with “Everyday Foods from Six Months” and
“Foods to offer out and about or at Center” (Appendix B). The resources provided families
with advice for safely introducing solid foods at six months of age, and foods and recipes with
instructions for how to prepare and offer hand-held foods suitable for infants aged six to
seven months old. The BLISS food resources also highlighted high-iron and energy-rich
foods, both of which parents were instructed to offer infants at each eating occasion. During
the advice visit families were taken through each of the resources and encouraged to raise
concerns and ask questions regarding the BLISS approach to complementary feeding.

3.1.4

Definition"of"infant"feeding"terms"

New Zealand guidelines were used for definitions of infant feeding terms in the current study.
Exclusive breastfeeding was defined as: “the infant has never, to the mother’s knowledge, had
any formula or other liquid or solid food (not including minimal water). Only breast milk,
from the breast or expressed, and prescribed medicines have been given from birth” (New
Zealand Ministry of Health, 2008). Complementary feeding was defined as the “gradual
introduction of solid food and fluids along with the usual milk feed (breast milk or infant
formula) to an infant’s diet” (New Zealand Ministry of Health, 2008). Therefore,
complementary foods were all foods and beverages consumed by an infant, excluding breast
milk, infant formula and minimal water.

3.1.5

Definition"of"adherence"to"the"BLISS"approach"to"
complementary"feeding"

The key measure of adherence to a Baby-Led approach to complementary feeding is the
extent to which an infant feeds itself solid foods (please see sections 2.2.2 and 2.4.3). In this
thesis the extent of infant self-feeding of solid foods was measured using a three-day WFR
completed at approximately seven months of age, and Feeding Questionnaires collected at
two, four, six and seven months postpartum.
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The main measure used to quantify adherence was derived from step five of the three-day
WFR collected when infants were seven months of age (Figure 3.1). The infant feeding data
collected during the three-day WFR is the most detailed and objective data collected to
examine adherence to a Baby-Led approach to complementary feeding to date. The
prospective nature of the data collection is also unique among current Baby-Led feeding
literature (please see sections 2.4.2 and 2.4.3). In step five of the food record parents were
asked to specify who put each item of food/drink into the infant’s mouth: the parent only, the
infant only, or the parent and infant together.
Parent-fed only: spoon-feeding when the parent controlled the spoon, or if finger-food
was placed in the infant’s mouth by the parent.
Parent and infant fed together: if the parent and infant guided the spoon or fingerfood into the infants’ mouth together.
Infant self-fed only: the infant had full control over bringing the food to their mouth
and eating it.
As discussed in section 2.4.2 both Brown and Lee (2011a;2011b;2013;2014) and Cameron el
at (2013) have measured adherence to a Baby-Led approach by quantifying the extent of
infant self-feeding. Brown and Lee classified families as adherent if they reported using
spoon-feeding for ≤ 10% of the time spent feeding their infant solid foods. In their study
population this level of “self-feeding” (90-100%) was associated with other behaviours
advocated by the Baby-Led approach, such as the age of solid food introduction and the
duration of breastfeeding, which were significantly different in participants who spent a
greater proportion of time spoon-feeding (Brown & Lee, 2011a). Cameron et al (2013)
classified families as adherent to a Baby-Led approach if their infant was “always” or
“mostly” self-fed at six to seven months of age, and classified them as non-adherent if their
infant was spoon-fed at least half of their food by an adult. As such it could be hypothesized
that the “mostly” option, between “always” and “half”, would approximate to infants feeding
themselves around 75% of their food.
The BLISS food record also allowed parents to indicate a third feeding option, “parent AND
infant fed”. For example, if the parent supported a spoon that the infant was also grasping and
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guiding into their own mouth, or, if the infant held a toast finger and the parent assisted them
to guide it to their mouth. Therefore, a combination of Brown and Lee’s 90:10 ratio (≤ 10% of
foods were parent-fed only) and Cameron et al’s 75:25 ratio (at least 75% of foods were
infant self-fed only) were used in the current study to accommodate this third feeding option,
“parent AND infant fed” (≤ 15% of foods were infant and parent-fed together).
For this thesis, participants were classified as adherent to the BLISS approach to
complementary feeding if:
≤ 10% of foods were parent-fed only, ≤ 15% of foods were infant and parent-fed
together, and at least 75% of foods were infant self-fed only.
This meant that the infant contributed to feeding ≥ 90% of their food. As described in section
3.1.4, ‘complementary foods’ included all foods and liquids except breast milk, infant formula
and minimal water. However, other liquids were not included in the adherence measures due
to the low prevalence of reporting (0.37% of all foods from the WFRs collected at seven
months of age). Foods that were made up of a combination of components but consumed as a
single item were counted once for the purposes of the adherence measures. For example, toast
with butter and jam or cereal mixed with milk were each counted as one item, which could be
parent fed only, infant self-fed only or parent and infant fed together.
Data collected by the Feeding Questionnaires (Appendix D) were also used to examine
adherence to a Baby-Led approach to complementary feeding. Adherence to infant selffeeding was examined using questions 6b and 21 from the Feeding Questionnaires collected
at two, four, six, seven and eight months of age (Figure 3.2). In accordance with the
methodology of previous research (Cameron et al., 2013), participants were considered to be
adherent to a Baby-Led approach to complementary feeding if they reported that their infant
was mostly or always self-fed their complementary foods when they started eating solid foods
(question 6b), and during the seven days prior to the Feeding Questionnaires at six, seven and
eight months of age (question 21).
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Figure 3.1 Excerpt from BLISS seven-month Weighed Food Record (Appendix C)
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Figure 3.2 Excerpt from the BLISS Feeding Questionnaire (Appendix D)

The Feeding Questionnaires were also used to examine other behaviours associated with the
Baby-Led approach to infant feeding: the proportion of infants ever breastfed, the duration of
exclusive breastfeeding, the proportion of infants exclusively breastfeed for at least six
months, the age that solid foods were introduced, the texture of foods eaten when the infant
first ate solid foods, and the proportion of infants who were introduced to complementary
foods before six months of age.
The use of two methods to measure adherence enabled comparison of adherence measured
using a detailed, prospective assessment of feeding behaviour (three-day WFR) with
adherence measured using a longitudinal measure of feeding behaviour (Feeding
Questionnaires).
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3.1.6

Development"of"food"groups"

The food groups for the current study were based on those developed for the Eating
Assessment in Toddlers (EAT) study, a NZ study that examined food intake in toddlers aged
12-24 months old (Table 3.1) (Mills et al., 2014). The EAT study food groups comprised 12
main food groups and three infant-specific food groups: ‘Breast milk’, ‘Infant formula’, and
‘Commercial infant foods’. As part of the BLISS Intervention parents were encouraged to
incorporate iron-fortified powdered infant cereals into finger foods and recipes, as an
alternative to spoon-feeding these cereals, in order to increase iron intake. Therefore, the
‘Commercial infant foods’ food group was separated into ‘Powdered infant cereals’ and
‘Ready-to-eat commercial infant foods’ groups in order to examine intake of powdered infant
cereals specifically.
The ‘Ready-to-eat commercial infant foods’ food group included the overall intake of all preprepared cans, pouches and jars of infant food. It also included finger- and snack-foods sold
specifically for infants and toddlers, such as rusks. In addition to reporting the total intake of
‘Ready-to-eat commercial infant foods’, the ingredients of the foods included in the ‘Readyto-eat commercial infant foods’ food group were also disaggregated into their component
food groups, such as fruit, vegetables, meat, cereal products and dairy products (please see
section 3.3.2.3 for further detail).
!
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White bread, buns (not iced), crumpets, wholemeal or wholegrain bread or buns, rice cakes, rice wheels,
crispbreads, Weet-bix (Sanitarium Health Food Company), Fruity-bix (Sanitarium Health Food Company),
porridge (not instant porridge in individual servings), cornflakes, rice bubbles, other breakfast cereals (<15
g sugar per 100 g), rice, canned spaghetti, other pasta, fruit bread, currant buns
Canned fruit, banana, apples, pears, oranges, mandarins, kiwifruit, grapes, berries (fresh or frozen), dried
fruit, avocado, other fruit, fruit juice
Potato and kumara (sweet potato) (boiled, baked, microwaved, mashed), frozen mixed vegetables, carrot,
pumpkin, green peas, sweet corn, broccoli and cauliflower, green leafy vegetables, salad greens, raw
tomato, cooked tomato (pasta sauce, canned tomato), other vegetables
Chicken nuggets or shapes, fish fingers or shapes, battered or crumbed fish, sausages, saveloys
(frankfurters), hot dogs (including vegetarian), ham, bacon, luncheon meats, meat pies, and sausage rolls
Other chicken, other fish, mince and patties, other meat (beef, lamb, pork, mutton)
Eggs, canned beans (including baked beans), hummus (chickpea dip), nuts, nut butters, tofu

Fruit and fruit juice

Vegetables

Processed meat

Meat

Eggs, beans, tofu and nuts

Food items

Bread, pasta, rice, low-sugar
cereal

General foods

Food group

Table 3.1 Food groups developed by the candidate for use in the current study
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All pouches, jars and cans marketed as commercial infant foods
Baby rice, baby muesli from a packet, and other powdered infant cereals

Ready-to-eat commercial infant
foods

Infant cereal

Infant specific foods

Crackers (wheat-, rice-, or corn-based), instant noodles, potato chips, corn chips, extruded corn snacks,
marmite, pro-mite, vegemite, rusks, toasties, mousetraps, savoury pastry

Ice cream, cookies—coated (with chocolate, icing, yogurt), cookies—other, cakes, muffins, scones,
croissant, sweet buns, iced buns, sweet pastries, puddings, chocolate, lollipops, bars (muesli, nut, cereal, or
puffed rice), fruit leather, fruit strings, fruit rollups, other breakfast cereals

Sweet foods (cakes, cookies,
puddings, confectionary, sweet
snacks, sweet cereals)

Savoury snacks

Butter and margarine, oils, mayonnaise

Butter, margarine and oil

Fries, potato shapes, roast potato or kumara (sweet potato)

Low-fat cow’s milk as a drink, low-fat cow’s milk on cereal or other food (not custard or sauces), whole
cow’s milk as a drink, cow’s milk on cereal or other food (not custard or sauces), other milk as a drink,
flavoured milk (e.g., chocolate, breakfast drinks), cheese (including in recipes), yoghurt, dairy food, white
sauce, custard, and other milk puddings

Cows milk and dairy products

Fries, roast potato and kumara

Food items

Food group

Table 3.1 continued

3.2

Measurement"tool"development"and"data"collection"

3.2.1

Baseline"questionnaire"

The Maternal Baseline Questionnaire (Appendix A) included questions from the NZ Census
(Statistics New Zealand, 2013) and the Prevention of Overweight in Infancy (POI.nz) study
baseline questionnaire (Taylor et al., 2011). The Baseline Questionnaire comprised questions
regarding the mother’s demographics: ethnicity, marital status, highest educational
qualification, employment and studying status, height, weight and use of supplements during
pregnancy. In addition, paternal ethnicity, and reported height and weight were collected.
Additional questions were used to examine mothers’ intentions regarding Baby-Led infant
feeding behaviours, which were developed during pilot work for the BLISS study (Cameron,
2014).
The second part of the questionnaire contained questions regarding how participants intended
to feed their infant. This included questions concerning breastfeeding intentions, introduction
of solid foods and, if they had other children, how their youngest child was introduced to solid
foods. BLISS study personnel administered the Maternal Baseline Questionnaire at the
recruitment and consent home visit, prior to randomisation.

3.2.2

Feeding"questionnaires"

A Feeding Questionnaire (Appendix D) was developed using questions from the POI.nz study
to assess feeding behaviours at two, four, six, seven and eight months of age (Taylor et al.,
2011). Questions to assess Baby-Led feeding behaviours were modified from a BLISS pilot
survey (Cameron, 2014). The questionnaire was further tested and refined during home visits
with parents who considered themselves to be using a BLW or conventional (i.e. spoonfeeding puréed foods) approach to introduce solid foods to their infant (Schramm, 2013).
Feeding Questionnaire skip instructions were developed by the candidate so study participants
were only asked questions applicable to their infant’s feeding behaviours, were not asked
sensitive questions unnecessarily, such as “Have you stopped breastfeeding?” on multiple
occasions, and to ensure participants’ answers were consistent between questionnaires. The
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skip instructions were tested and refined using 23 fictional participant profiles developed by
the candidate.
Data collected in the Feeding Questionnaires used in the current study were: duration of
exclusive breastfeeding (New Zealand Ministry of Health, 2008), infant age when any solid
foods were introduced, the texture of food offered on the first complementary feeding
occasion, the extent of infant self-feeding versus parent-feeding on the first complementary
feeding occasion, and the extent of infant self-feeding versus parent-feeding in the past week
at six, seven and eight months of age.
The Feeding Questionnaire was administered during phone calls to the infant’s main carer at
two, four, six and seven months postpartum by BLISS study personnel. The frequency of
questionnaire administration was chosen to reduce participant recall bias when reporting
infant feeding behaviours, without adding undue participant burden (Hector, 2011). The
questionnaire was administered more frequently at six to eight months, during the early stages
of complementary feeding (New Zealand Ministry of Health, 2008) when infant feeding
behaviours are undergoing rapid change (Grummer-Strawn et al., 2008). Interviewers were
blinded to participant study group and a standardised phone protocol developed by another
MSc candidate (Appendix E) was used to ensure consistency of questionnaire collection
between interviewers.

3.2.3

Three'day"weighed"diet"record"

The three-day WFR was developed from the WFR used by the Toddler Food study, which
had been modified from the standard format used in adults for use in 12-24 month old infants
(Szymlek-Gay, Ferguson, Heath, Gray, & Gibson, 2009). In order to assess adherence to
Baby-Led behaviours three components were developed and pilot tested as part of a MDiet
thesis at the University of Otago (Schramm, 2013); the “BLISS diet record”, “End of day
questionnaire”, and “Early childhood education food record”.
To control for potential day-of-the-week effects on infant food and nutrient intakes the threeday WFR was collected on three randomly selected non-consecutive days, including two
weekdays and one weekend day, over a two to three week period. Each day of the week was
represented an equal number of times in each study group. Participants were provided with
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the “BLISS food diary” booklet (Appendix C), which contained a six-step weighed food
diary, recipe page, end of day questionnaire, and a supplement use questionnaire for each of
the three days. The food diary booklet also contained instructions for using the electronic
scales (SALTER Electronic, Dunedin, NZ), which were provided to the participants, step-bystep instructions for how to fill out the food diary, and examples of a completed food diary
page, recipe page and end of day questionnaire.
As well as collecting the time, food name, brand name, cooking method and weight of each
food or beverage consumed, the “BLISS food diary” collected the consistency of the food or
drink (‘Puréed’, ‘Mashed’, ‘Diced’, ‘Whole’) and who put the food or drink into the infant’s
mouth (parent, child, or parent and child). Participants were also provided with the “Away
from home booklet” (Appendix C), “Early childhood education food record” (Appendix C),
and a laminated page with an example of a completed end of day questionnaire and an
example of a completed day of the BLISS food diary (Appendix C). The “End of day
questionnaire” asked participants to report how similar the infant’s meal ingredients and
preparation were to the meals eaten by the rest of the family. The “Early childhood education
food record” was a simplified form of the diet record, designed for use by early childhood
staff caring for infants in the BLISS study. The “Away from home booklet” was a portable
form of the food diary, which contained resources for estimating amounts of foods consumed
when participants were unable to weigh them.
Participants were booked for a home or BLISS clinic visit for the “BLISS food diary”
education session at seven months post-partum. The candidate developed an overall protocol
for the BLISS study visit to teach participants how to complete the WFR (Appendix F).
Instructions for the WFR education session had been previously developed during pilot
testing (Appendix F) (Schramm, 2013). Participants were followed-up with a phone call after
their first day of diet record collection to check reporting of one of the meals of the first day
and answer participant questions and clarify instructions as required. The final diet record was
checked by study personnel at the BLISS eight-month data collection visit.
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3.3

Data"management""

3.3.1

Questionnaire"data"entry"

"

Baseline and Feeding Questionnaire responses were recorded in hardcopy or entered directly
into the online BLISS study database where possible. Participants were identified by a unique
study code to maintain blinding of research staff and to protect participant privacy. The
Feeding Questionnaires were set up in the online BLISS database with skip options
hardcoded, so that questions were only available to be answered if they were relevant to the
participant, based on answers from both previous and the current questionnaire.

3.3.2

Three'day"Weighed"Food"Record"data"entry" "

The candidate developed documents for calculation, coding and entry of the WFR’s
(Appendix G). A protocol was developed describing the steps of calculation, coding and data
entry, and the documents required, to ensure consistency for all WFR’s (Appendix G). The
weight of each food and recipe item consumed by the infant was calculated from total weight
(total weight of food/drink and plate/mug), plate weight (weight of plate/mug) and leftover
weight (total weight of leftover food and plate/mug) using a calculations form developed for
the purpose (Appendix G). If leftover weight was not provided, “estimation of what is left on
plate” was used to estimate the quantity of the food or beverage item not consumed by the
infant. Household measurements provided (e.g., teaspoon, a quarter of a cup) were converted
to weight measurements using Kai-culator volume to weight conversions. Recipes that had
been recorded on the “recipes” page of the food diary were entered using the recipe function
in Kai-culator with the weight or portion of the recipe consumed by the infant.
Foods and beverages were matched to food items in the Kai-culator database using the name,
brand and cooking method of the food or beverage. The candidate developed a Codebook,
which was used to guide estimation of weight or coding of food items, for foods with missing
or insufficient information (Appendix H). Infant-specific foods, such as baby rice cereal and
commercial infant foods, were added to the Kai-culator database (please see section 3.2.2.2).
All foods and liquids (including infant milk feeds) from the three-day WFR’s were analysed
using Kai-culator dietary assessment software version number 1.08w (Department of Human
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Nutrition, University of Otago, New Zealand). The Kai-culator food composition database
includes The NZ Institute of Plant and Food Research FOODfiles (2010 version 02) and
recipes developed for the 2008/09 NZ Adult National Nutrition Survey.

3.3.2.1

Estimation of breast milk intake and nutrient composition

Based on evidence from a review of the literature, (please see section 2.5.1) seven-month-old
infants were estimated to consume 750 grams per day of breast milk. Infants whose milk
feeds consisted solely of breast milk were estimated to have consumed 750g of breast milk
per day which was divided equally amongst the infants’ breastfeeds during the 24 hour WFR
recording period. For infants fed infant formula and breast milk the reported volume of
formula was subtracted from 750g, and the remainder was the estimated volume of breast
milk consumed. Infants fed formula and breast milk with a reported formula volume of
greater than 750g/day were given a breast milk volume of 0g and an infant formula volume as
reported. No adjustments were made to infant milk intake for infants fed only formula during
the WFR days.
NZ FOODfiles 2010 data in the Kai-culator dietary assessment software were used to
calculate the nutrients contributed by breast milk estimated volumes. The nutrient
composition of mature human breast milk used in the current study (for nutrients of interest)
with sources and references extracted from NZ FOODfiles can be found in Appendix I.

3.3.2.2

Commercial infant foods and infant formulas

New Zealand FOODfiles 2010 did not include infant formulas and commercial infant foods
prior to the BLISS study so the candidate, in collaboration with a student completing a Master
of Dietetics (MDiet) thesis (Clouston, 2014), added commercial infant foods and infant
formulas to the Kai-culator database. The MDiet student developed a list of infant formulas
and commercial infant foods available for purchase from supermarkets in Dunedin, NZ,
between January and March 2014 (Clouston, 2014). Nutrient composition was sourced
directly from manufacturers when possible, or from product nutrient information panels
(NIP).
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Infant formula
In NZ, infant formula is commonly purchased as a powder and prepared by mixing the
powder with water using a recipe provided by the manufacturer. Some formulas are also
available to purchase pre-prepared, but these are less widely available. BLISS study
participants were asked to record the weight of infant formula powder, added water, and the
total prepared weight of formula offered. However, many participants only recorded a total
prepared weight or volume for the amount offered. To enable entry of both types of data, the
candidate entered two nutrient lines into Kai-culator for each infant formula: nutrients per
100g of infant formula powder, and per 100g of prepared formula.
All manufacturers reported the nutrient composition of infant formula per 100mL of prepared
formula. Although some manufacturers also provided the nutrient composition per 100g of
powder, this was not common. The density of prepared infant formula ranges from
approximately 1.02-1.06g/mL, meaning that 100mL of infant formula weighs approximately
102-106g, depending of the brand and stage (i.e. infant/follow-on/toddler). Nutrient
information can only be entered into the Kai-culator database per 100g. If the per 100mL
nutrient composition had been used it would have resulted in overestimation of the nutrient
intake of infants who consumed formula. Therefore, the candidate calculated the nutrient
composition of each infant formula per 100g of prepared formula.
The weight (in grams) of powder per 100 mL of prepared formula was calculated using the
formula preparation recipes provided by manufacturers. These included: the weight of infant
formula powder, volume of added water, and the total volume of prepared formula generated
by the recipe.
For example:
8.8g of powder + 50mL of water =
56mL of prepared formula (provided by the manufacturer’s preparation instructions)
OR
58.8g of prepared formula (calculated by adding the weight of the formula powder and
water together (8.8 + 50 = 58.8))
This calculation was then used to determine the total weight of powder used to prepare
100mL of formula.
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For example:
100mL / 56mL = 1.7857
1.7857 * 8.8 = 15.7g of powder per 100mL of prepared formula
1.7857 * 50 = 89.3g of water per 100mL of prepared formula
To calculate the weight (in grams) of 100mL of prepared formula:
15.7 + 89.3 = 105g
These data were also used to calculate the grams of powder used to prepare 100g of formula.
For example:
100g / 58.8g = 1.7007
1.7007 *8.8 = 15.0g of powder per 100g of prepared formula
1.7007 * 50 = 85.0g of water per 100g of prepared formula
When the nutrient composition per 100g of powder was available this was entered directly
into the Kai-culator database. If this data was not available it was calculated from the
composition of prepared formula.
For example:
100g/15.7g (the weight of powder to make 100mL of prepared formula) = 6.3694
The intake of each nutrient per 100mL of prepared formula was then multiplied by this
factor to obtain the values per 100g of powder.
The nutrient composition per 100 grams of infant formula powder was entered directly into
the Kai-culator database. A recipe for 100 grams of prepared formula was entered using the
quantities of powder and water previous calculated. Information for all nutrients was not
available for every infant formula. In total, the candidate entered 26 to 32 nutrients for each of
41 infant formulas added to Kai-culator (available nutrients for the 18 infant formulas
consumed at seven months can be found in Appendix J).
Kai-culator dietary assessment software is able to calculate the weight of a volume (mL) of
liquid using the density. The density of each infant formula was calculated and entered into
Kai-culator to enable entry of infant formula amount reported as volumes.
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Density = (weight of infant formula powder (g) + weight of water added (g))
(total prepared volume of formula)
Commercial infant foods
Using the Kai-culator dietary assessment software a recipe was developed for each
commercial infant food using the ingredient list on the NIP. The percentage of each ingredient
provided on the NIP was used to determine the weight of individual ingredients per 100
grams. Recipes were refined using different versions of ingredients available in Kai-culator
(e.g., boiled carrots or steamed carrot) to meet targets of less than 5% difference in energy,
total fat, protein, carbohydrate and sugar per 100 grams compared to the NIP. However this
was not always possible, as the process of refinement was limited by the range of foods
available in the Kai-culator food database. When it was not possible to meet the target for all
nutrients, the recipe that was closest to the NIP was chosen, taking into account both the
percentage and actual differences in energy, total fat, protein, carbohydrate and sugar per 100
grams. For example, if the sugar content of a food was 1g/100g on the NIP, and the sugar
content of the recipe developed in Kai-culator was 1.5 grams, the percentage difference would
be 50%, although the actual difference in sugar content was small, only half a gram per 100g
of the food. The candidate developed and refined recipes in this way for 66 commercial infant
foods.

3.3.2.3

Food group development and data entry

The food groups for this thesis were modified from 15 food groups developed for the Eating
Infants and Toddlers (EAT) study. The EAT study investigated the food intake of 12-24
month old toddlers in NZ, using a FFQ, and the food groups were based on foods commonly
consumed by this age group. Eleven general, and two infant-specific food groups were
developed by the candidate to analyse the BLISS seven-month WFRs (Table 3.1). The
candidate assigned additional foods to the food groups used for this thesis when they were
consumed by BLISS participants and were not included in the EAT study. Two infant-specific
food groups were included: “Powdered infant cereals” and a category for total intake of all
‘Ready to eat commercial infants foods’.
At the time of the current study, the Kai-culator dietary assessment software was not able to
disaggregate foods and recipes into their component food groups for analysis. As discussed in
65

section 2.6 disaggregation of combined foods (e.g., casseroles) into their component
ingredients may be important for the analysis of the food group intakes of infants introduced
to complementary foods using the Baby-Led approach. In total infants consumed 830
different foods and recipes, including commercial infant foods, during the WFR at seven
months of age. Therefore, the candidate calculated the contribution to each food group,
weight (grams) per 100 grams, and energy (kilojoules) per 100g, for each of the 830 Kaiculator foods, commercial infant foods and participant recipes from the three-day WFR’s. For
example: lasagne is made up of pasta, tomato and mince sauce and cheese topping, and would
be included in a “mixed dishes” food group by many studies, instead it was disaggregated into
the ‘Bread, pasta, rice, low-sugar cereal’ (pasta), ‘Vegetables’ (tomato), ‘Meat’ (mince) and
‘Cows milk and dairy products’ (cheese) food groups. Foods from the ‘Ready-to-eat
commercial infant foods’ group were also divided into the 11 main food groups so that their
contribution to food groups such as ‘Fruit and fruit juice’, ‘Vegetables’ and ‘Meat’ was taken
into account.
Calculation of the weight and energy contribution of cooked recipes to each food group
required a number of steps. To account for the moisture losses due to cooking, a moisture
factor was applied to participant recipes from the WFR’s. Moisture factors are applied to the
proportion of the ingredient that is made up of water, meaning that each ingredient in a recipe
is affected differently, depending on their moisture content. For example, the grams per 100g
of fruit in a recipe, which has a high moisture content, decreases proportionally more than the
grams per 100g of a dry ingredient, such as flour, when the recipe is cooked. This means that
the proportion of each ingredient per 100g of the cooked recipe is different than for the raw
recipe. The energy per 100g of a recipe contributed by each ingredient is also affected by the
moisture loss. For example, if 100g of an ingredient in a recipe yielded 90g after the recipe is
cooked, the total energy for the recipe would be unchanged. However, the energy per 100g of
the cooked ingredient would be greater than for the raw ingredient, as the ingredient has
effectively been concentrated due to the loss of moisture during cooking.
!
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For example:
" A recipe is made from: 100g of raw peeled apple flesh + 100g of standard white flour
" the recipe is then cooked using a moisture factor of 50%.

Raw recipe

Cooked recipe
(moisture factor of 50%)

Total weight

Apples = 100 g

Apples = 57.05 g

Flour = 100 g

Flour = 93.35g

Total recipe = 200 g

Total recipe = 150.4 g

Weight per 100g of the

Apples = 50 g/100g

Apples = 37.93 g/100g

recipe

Flour = 50 g/100g

Flour = 62.06 g/100g

Total energy

Apples = 190 kJ

Apples = 190 kJ

Flour = 1405 kJ

Flour = 1405 kJ

Total recipe = 1595 kJ

Total recipe = 1595 kJ

Energy per 100g of the

Apples = 95 kJ/100g

Apples = 126 kJ/100g

recipe

Flour = 702.5 kJ/100g

Flour = 934 kJ/100g

Total recipe = 798 kJ/100g

Total recipe = 1060 kJ/100g

The candidate developed and tested a spreadsheet to calculate the energy and weight per 100g
of cooked recipe for each ingredient, using the weight of the raw ingredient in the recipe and
the energy and moisture content per 100g of the raw ingredient.
When an ingredient from a recipe contributed less than 5g/100g to a food group, its
contribution was not added to that food group. This decision was made to simplify the manual
food group calculation process. Also, it is unlikely that contributions of this size would have a
significant effect on infants’ overall intakes due to the small amounts of food consumed by
infants in the study. A serving size of more than 100g was only consumed for 42 (1%) of the
3538 foods or recipes consumed by infants during the three day WFR.
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3.4

Statistical"analysis""

3.4.1

Introduction""

All data were entered, coded and analysed using Microsoft Excel version number 14.1.4
(Microsoft Corporation, Redmond, Washington, U.S.A), the BLISS study database
(developed by Gavin Kennedy), Stata/IC version number 12.1 (StataCorp, College Station,
Texas, U.S.A), or Kai-culator dietary assessment software version number 1.08w
(Department of Human Nutrition, University of Otago, New Zealand). Researchers involved
in data collection were blinded to study group allocation. All analyses used an intention to
treat protocol with two-sided level of significance p<0.05. No adjustment for multiple
comparisons was made. It was possible that statistically significant results may have arisen
through chance due to the number of statistical tests conducted. Therefore, in addition to
consideration of the statistical significance of comparisons between the groups, the magnitude
of the effect, and the clinical significance of the difference between groups, was considered.
The candidate carried out the statistical analyses, under the guidance of a biostatistician (Dr
Jill Haszard).

3.4.2

Power"calculation"

Calculation of the sample size for the BLISS study was based on sufficient power to detect a
clinically significant difference in body mass index at 12 months (the primary outcome of the
BLISS study). The BLISS study recruited 206 participants, 105 in the BLISS Intervention
group and 101 in the Usual Care group. Allowing for a conservative retention rate of 75% of
WFR’s at seven months of age (an attrition rate of 25%), the estimated sample size for power
calculations for this thesis was 153, or approximately 78 participants in the BLISS group and
75 participants in the Usual Care group. The estimated sample size was used to calculate the
estimated statistically detectable difference for each nutrient included in this thesis. It was not
possible to examine iron and zinc intake, as they were main outcome measures of the BLISS
study and were the subject of another student’s work.
There are no NZ data on the nutrient intakes of infants around seven months of age. The UK
DNSIYC was the most comprehensive and recent large data set describing infant nutrient
intakes from all sources (complementary foods and infant milk feeds), in a population
68

assumed to be similar to the Dunedin population (please see section 2.7) (Lennox et al.,
2013). The standard deviation for each nutrient was used to calculate the difference that
would be detected as statistically significant for nutrient intakes from infant milk feeds and
complementary foods with a power of 80%, two-sided 5% significance level and sample size
of at least 75 participants in each study arm (Table 3.2). The detectable difference for all of
the nutrients under investigation in the current study, from milk feeds and complementary
foods, was approximately 0.5 standard deviations.
There are few data describing the nutrient intake of seven-month-old infants from
complementary foods alone. A 2003 Canadian survey of the complementary food intake of
230 seven-month-old infants was the most comprehensive and recent large data set describing
infant nutrient intakes from complementary foods alone in a population assumed to be similar
to the Dunedin population (please see section 2.7) (Friel et al., 2010). The difference that
would be detected as statistically significant for nutrient intakes from complementary foods
only, with a power of 80%, two-sided 5% significance level and sample size of at least 75
participants in each study arm, is shown in Table 3.3. The Canadian study did not report the
nutrient intake of a number of nutrients that will be examined in this thesis, however, the
detectable difference for all reported nutrients under investigation in this thesis from
complementary foods alone was approximately 0.5 standard deviations.

!
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Table 3.2 Estimated nutrient intake from infant milk feeds (breast milk and infant formula)
and complementary foods1, adequate intake2, calculated detectable difference between the
BLISS Intervention and Usual Care groups, and detectable difference as a proportion of the
standard deviation, in seven to nine-month-old infants (power=80%, p<0.05, n=150)
Mean (SD) 1

AI 2

Calculated
detectable
difference

Calculated difference as
a proportion of SD

Energy (kJ/day)

3310 (700)

-

320

0.46

Protein (g/day)

24.7 (7.8)

14

3.6

0.46

Fat (g/day)

31.8 (8.7)

30

4.0

0.46

Carbohydrate (g/day)

108 (24.0)

95

11.0

0.46

Fibre (g/day)

6.3 (2.7)

-

1.2

0.48

Vitamin A (RE) (µg)

991 (448)

430

205

0.46

Thiamin (mg)

0.77 (0.24)

0.3

0.1

0.46

Riboflavin (mg)

1.01 (0.31)

0.4

0.2

0.48

Niacin (NE) (mg)

11.4 (3.9)

4

1.8

0.46

Vitamin B6 (mg)

0.7 (0.3)

0.3

0.1

0.47

Vitamin B12 (µg)

2.0 (1.0)

0.5

0.5

0.50

Folate (µg)

125 (35)

80

16.1

0.46

Vitamin C (mg)

77.4 (25.3)

30

11.6

0.46

Vitamin D (µg)

8.9 (3.1)

5

1.4

0.46

Vitamin E (mg)

7.4 (4.3) 3

5

2.0

0.46

Calcium (mg/day)

575.0 (163.0)

270

75.0

0.46

Magnesium (mg)

93 (27)

75

12.4

0.46

Potassium (mg)

1111 (300)

700

138

0.46

Selenium (µg)

18 (6)

15

2.8

0.46

Iodine (µg)

102 (36)

110

16.5

0.46

Sodium (mg)

422 (232)

170

107

0.46

1

From DNSIYC 630 infants aged 7-9 months old (Lennox, Sommerville, Ong, Henderson, & Allen, 2013)
Adequate intake for infants aged 7-12 months old (National Health and Medical Research Council & New
Zealand Ministry of Health, 2006)
3
From Australian Melbourne InFANT Study including 177 infants aged 9 months old (Lioret, McNaughton,
Spence, Crawford, & Campbell, 2013)
2
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Table 3.3 Estimated nutrient intake from complementary foods only1, adequate intake2,
calculated detectable difference between the BLISS and Usual Care groups, and detectable
difference as a proportion of the standard deviation of selected nutrient intakes, in sevenmonth-old infants (power=80%, p<0.05, n=150)
Mean (SD) 1

Calculated detectable
difference

Calculated difference as a
proportion of SD

Energy (kJ/day)

975 (607)

280

0.46

Protein (g/day)

8.0 (6.0)

2.8

0.47

Fat (g/day)

5.0 (5.0)

2.3

0.46

NS

-

-

42.0 (25.0)

11.5

0.46

Sugar

NS

-

-

Fibre (NSP) (g/day)

NS

-

-

Vitamin A (RE) (µg)

NS

-

-

Thiamin (mg)

0.4 (0.3)

0.1

0.47

Riboflavin (mg)

0.5 (0.4)

0.2

0.48

Niacin (NE) (mg)

6 (6)

2.8

0.46

Vitamin B6 (mg)

0.3 (0.2)

0.1

0.50

Vitamin B12 (µg)

0.6 (4.6)

2.1

0.46

Folate (µg)

34 (26)

11.9

0.46

Vitamin C (mg)

19 (19)

8.7

0.46

Vitamin D (µg)

0.5 (0.9)

0.4

0.47

Vitamin E (mg)

NS

-

-

241 (221)

102

0.46

40 (35)

16.1

0.46

Potassium (mg)

459 (326)

150

0.46

Selenium (µg)

9 (10)

4.6

0.46

NS

-

-

153 (140)

64.1

0.46

Saturated fat
Carbohydrate (g/day)

Calcium (mg)
Magnesium (mg)

Iodine (µg)
Sodium (mg)
1

From Heinz Canada cross-sectional survey of 320 infants aged seven months old (Friel, Hanning, Isaak,
Prowse, & Miller, 2010)

2

Adequate intake for infants aged 7-12 months old (National Health and Medical Research Council & New
Zealand Ministry of Health, 2006)

!
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3.4.3

Demographics"

Descriptive statistics were calculated for the demographic data of the mothers and infants
enrolled in the BLISS study, including: the mothers age when their infant was born, maternal
and infant ethnicity, New Zealand Deprivation Index score (NZDep) (Atkinson, Salmond, &
Crampton, 2014), maternal BMI before pregnancy, parity, and infant sex.

3.4.4

Adherence""

The main measure of adherence to the Baby-Led approach to infant feeding used in this thesis
was the extent to which an infant fed themself solid foods, measured by the WFR collected at
seven months of age. In the WFR, parents specified who fed the infant each item of food: the
parent only, the infant only, or the parent and infant together. The total number of food items
eaten during the three-day WFR was calculated for each infant. Foods that were made up of
several components that were consumed together (for example: toast with butter and jam, or
cereal with milk) were counted as one item. The percentage of each infant’s food items that
did not have a ‘who fed’ adherence measure was also calculated. One participant had no ‘who
fed’ adherence measures, so was excluded from the adherence analysis. The percentages of
foods fed by the parent-only, infant-only, and parent and infant together were generated for
each participant (please see section 3.1.5), excluding foods that had no ‘who fed’ measure.
Only participants with three complete days were included in the WFR adherence analysis due
to the small number of foods consumed per day. Participants in the Usual Care group were
able to use any method to introduce solid foods to their infant. It was therefore possible that
some would have chosen to use a BLW approach to introduce complementary foods and be
classified as adherent by the adherence measures used in this thesis.
Therefore four adherence subgroups were generated:
"

BLISS Intervention group participants who were adherent to a Baby-Led approach

"

BLISS Intervention group participants who were not-adherent to a Baby-Led
approach

"

Usual Care group participants who were not-adherent to a Baby-Led approach

"

Usual Care group participants who were adherent to a Baby-Led approach
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Two-sample Student’s t-tests were used to compare the mean proportion of foods parent-fed,
infant-fed, and fed by the parent and infant together, for the BLISS and Usual Care groups.
The variance for each group was compared using robust tests for equality of variance and the
t-test was adjusted for unequal variance if the difference was significant. The mean number of
foods eaten during the WFR and the mean percentage of food with missing ‘who fed’ were
also compared using two-group t-tests, adjusted for unequal variance as required.
Parents were also asked to specify the texture of each food consumed during the WFR from
the options: ‘Puréed’, ‘Mashed’, ‘Diced’, or ‘Whole’. ‘Puréed’ referred to foods were blended
with a machine to a smooth consistency, ‘Mashed’ foods were mashed by hand to a lumpy
consistency, ‘Diced’ foods were chopped into small pieces that needed a spoon to be eaten,
and ‘Whole’ foods included foods with unaltered texture, or that had been cut into more
manageable (child fist size) pieces. A further category, ‘Naturally smooth’ was created for
entry of the WFR’s. It included foods that are smooth in texture without additional texture
modification, such as yoghurt, porridge and hummus. The Baby-Led approach to
complementary feeding advocates that infants are offered whole pieces of the foods consumed
by the family as much as possible. For analysis the texture categories were divided into two
groups: ‘Altered’ textures (‘Puréed’, ‘Mashed’, and ‘Diced’), and ‘Unaltered’ textures
(‘Naturally smooth’ and ‘Whole’). The proportion of food consumed during the WFR with
‘Altered’ texture was compared between the BLISS and Usual Care groups.
Infant feeding behaviours advocated by the Baby-Led approach to complementary feeding
were also tested for differences between the two study groups, including: duration of
exclusive breastfeeding, the proportion of infants exclusively breastfed for six months, infant
age when any solid foods were introduced, the proportion of infants who were introduced to
complementary foods before six months of age, and the texture of the foods that were offered
when the infant was introduced to solids. Two-group proportion tests were used to compare
proportions, and the Wilcoxon Mann-Whitney U Test was used to test for significant
differences between median duration of exclusive breastfeeding and age of solid food
introduction.
The Feeding Questionnaires were also used for measuring adherence (“mostly” or “all” infant
self-fed) to a Baby-Led approach when infants first started solids, and at six, seven and eight
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months of age (Figure 3.1). Adherence measured by the Feeding Questionnaire and the WFR
were compared.

3.4.5

Food"groups"

The proportion of infants who had eaten from a food group during the three days of the WFR,
and the percentage of energy contributed by each food group, were compared for the BLISS
Intervention and Usual Care groups. Each food group was compared overall, and also
subdivided by differentiating between ingredients from different sources: commercial infant
foods, and other or “family” foods. The food groups ‘Eggs, beans, tofu, nuts’, ‘Butter,
margarine and oil’ and ‘Fries, roast potatoes and roast kumara’ were not subdivided, as they
had no contribution from commercial infant foods.
Logistic regression was used to compare the proportion of infants in each study group who
consumed each food group during the WFR. Odds ratios represented the odds of consuming a
food group during the WFR, for infants in the BLISS Intervention group compared to the
Usual Care group.
The percentage of energy from each food group was generated using participants’ energy
intake from the food group, and total energy intake from complementary foods. The total
energy from complementary foods was calculated by adding the energy intake from all food
groups together. This was compared to the energy intake from complementary foods alone
used in the nutrient analysis of this thesis (please see section 3.4.6). Some difference in the
estimation of energy intake from complementary foods would be expected between the
methods, as ingredients that contributed less than 5g/100g to a food group were excluded
from the food group energy calculations (please see section 3.3.2.3). However, there were no
differences of greater than one percent of energy from food between the methods, suggesting
that the food group energy calculations performed and entered by the candidate were accurate.
Visual examination of histograms superimposed with a normal curve was used to examine the
distribution of the mean percentage of energy from each food group for normality. All
distributions displayed significant right skew for both groups. There were no food groups that
were consumed by every infant, which meant that all distributions included a number of zero
values. Due to the highly skewed distributions, group medians were reported for the
percentage of energy contributed by each food group, which necessitated the use of non74

parametric tests for comparison of the groups. The Wilcoxon Mann-Whitney U Test was used
to test for significant differences in the median percentage of total energy intake from each
food group, comparing participants randomised to the BLISS group with those randomised to
the Usual Care group.

3.4.6

Nutrients""

The nutrient intakes from complementary foods and infant milk feeds (using estimated
breast milk volume) and complementary foods only, were compared for infants randomised
to the BLISS Intervention group and the Usual Care group. Nutrient intakes from
complementary foods only were generated by excluding all infant formula and breast milk.
Some nutrients could not be examined because not all nutrients were reported by all infant
formula manufacturers. This meant that saturated fat and sugar intakes from complementary
foods and milk feeds could not be examined because the saturated fat and sugar content was
not reported for all of the infant formulas consumed at seven months by infants in the BLISS
study (please see section 3.3.2.2 and Appendix J). Also, intakes of iron and zinc could not be
examined, as they were part of another student’s work.
The mean nutrient intakes from complementary foods and infant milk feeds, and from
complementary foods only, of the two study groups were compared using multiple linear
regression. The distribution of most nutrient intakes demonstrated a large degree of right skew
when visually examined for normality using a histogram overlayed with a normal curve.
Unadjusted and adjusted analyses were conducted. In accordance with the CONsolidated
Standards Of Reporting Trials (CONSORT) guidelines, baseline demographic characteristics
were not tested for differences (Moher et al., 2010). The analyses were adjusted for factors
that have been found to be prognostic of differences in infant nutrient intakes (Brekke, van
Odijk, & Ludvigsson, 2007; dos Santos Barroso, Sichieri, & Salles-Costa, 2014; Erinosho et
al., 2012; Fein, Labiner-Wolfe, Scanlon, & Grummer-Strawn, 2008a; Hendricks, Briefel,
Novak, & Ziegler, 2006): infant sex, maternal BMI before pregnancy, maternal age when the
infant was born, maternal NZDep, parity (primiparity versus multiparity) and maternal
education (tertiary education versus no tertiary education). Residuals were examined for
homogeneity of variance using residual-versus-fitted plots, and for normality using normal
quartile plots. The residuals for all nutrients were not normally distributed, and demonstrated
heteroscedasticity (heterogeneous variance).
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Natural log transformation was used to reduce positive skew, and the residuals of the log
transformed nutrient intakes were re-examined for normality and homogeneity of variance.
Following natural log transformation, residuals were normally distributed and the variance
was homogeneous for most nutrients, and all nutrients demonstrated improvements in both
factors following the transformation. Therefore, it was decided to use natural log
transformation for all nutrient regressions to enable consistent reporting, and geometric means
and confidence intervals were reported for nutrient intakes. Regression coefficients and
confidence intervals were back transformed to generate odds ratios with 95% confidence
intervals. Interpretation of back transformed odds ratios for the comparison for group means
is not easy to understand. Therefore, the odds ratios and confidence intervals were converted
to the percentage difference between the group means, by taking 1.00 away from each value.
For example:
an odds ratio of 1.10 (95%CI: 0.67, 1.77)
was converted to a percentage difference between the means of 10% (95%CI: -33, 77)
Percentage difference is interpreted as the difference between the daily mean nutrient intake
of the BLISS Intervention group, and that of the Usual Care group, expressed as a proportion
of the mean intake of the Usual Care group. It can also be calculated directly from the mean
intake of each group:
Percentage difference = (BLISS Intervention group mean - Usual Care group mean)
Usual Care group mean
!

!
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4

Results"

4.1

Participant"characteristics"and"data"collection"

The BLISS study recruited 206 pregnant women between November 2012 and February 2014
from Dunedin, NZ. Following randomisation, 101 participants were allocated to the Usual
Care group, and 105 to the BLISS Intervention group. Ninety-seven (92%) of the participants
randomized to the BLISS group received all five intervention contacts prior to seven months
of age (and did not withdraw from the study before seven months of age) and were included
in the analysis.
Of the 206 participants who provided informed consent and were randomised, 97 in the
BLISS Intervention group (92.4%) and 91 in the Usual Care group (90.1%) remained in the
study when their infant was seven months of age. Nine participants (seven BLISS; two Usual
Care) withdrew from the study before the birth of their infant, because they were: “too busy”
(n=2), didn’t want to follow the BLISS intervention (n=3), were unable to be contacted (n=1),
and three participants gave no reason for their withdrawal from the study. Nine participants
(one BLISS: eight Usual Care) withdrew between birth and seven months of age, because
they were: “too busy” (n=4), “no longer want to take part in the research” (n=1), were unable
to be contacted (n=2), and two participants gave no reason for their withdrawal from the study
(Figure 4.1).
The baseline demographic and clinical characteristics of the 206 mothers, and their infants,
who consented to take part in the study are presented in Table 4.1. On average, mothers
enrolled in the study were 31 years old when they gave birth, which was similar to the median
age (30 years old) of women who gave birth in NZ in 2013 (Statistics New Zealand, 2014c).
Over 80% of mothers enrolled in the BLISS study identified as New Zealand European, with
9.3% identifying as Māori, 2.4% as Pacific and 6.3% as Asian. These figures are somewhat
lower than the NZ population (14.9% identified as Māori, 7.4% as Pacific and 11.8% as Asian
according to the 2013 census) (Statistics New Zealand, 2014b), but very similar to the 2013
census for Dunedin city and environs (Māori (7.7%), Pacific (2.5%) and Asian (6.2%))
(Statistics New Zealand, 2014a).
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Almost half of the BLISS study mothers (48.8%) had a University qualification, in
comparison to 22.7% of adults (over 15 years of age) in Dunedin city who reported having a
bachelors degree or higher in the 2013 census (Statistics New Zealand, 2014a). More than
40% of the study population were considered overweight or obese according to their body
mass index calculated from their self-reported pre-pregnancy weight. Approximately 59% of
the mothers in the study had given birth to a child previously.
Seven-month WFR’s with at least 24-hours of recorded food and liquid intake, were returned
by 162 participants (78.6% of all randomised participants, 84.8% of participants enrolled in
the study at seven months postpartum). Two participants returned WFR’s with no complete
days of recording so they were excluded from data entry and analysis. One hundred and fortyseven of the returned WFR’s included three complete days of recorded intake (90.7%), 9
(5.6%) included two days, and 6 (3.7%) included only one complete day of recording.
Seventy-seven participants in the Usual Care group returned WFR’s with at least one
complete day (76.2% of participants randomised to the Usual Care group, 84.6% of
participants in the Usual Care group who remained enrolled in the study at seven months
postpartum). Eighty-five participants in the BLISS group returned a WFR with at least one
complete day (81.0% of participants randomised to the BLISS Intervention group, 87.6% of
participants in the BLISS group who remained enrolled in the study at seven months
postpartum). Participants who returned a WFR at seven months of age were older, had
completed more educational qualifications, and were more likely to be New Zealand
European than mothers who did not return WFR’s (Table 4.2)
!
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Assessed for eligibility (n=2049)
Excluded (n=988)
•
•
•
•
•
•

Lived out of town (n=582)
Mother <16 years of age (n=7)
No longer pregnant or midwife advised not to
ask (n=50)
>34 weeks gestation when we received contact
details (n = 69)
>37 weeks gestation before we could make
contact (n = 131)
Inactive – not required as final numbers
obtained (n = 149)

Potentially eligible (n=1061)
Excluded (n=96)
•
•
•
•
•

Declined (n=673)

Not staying in Dunedin for 2 years (n=29)
No English or Māori (n=8)
In pilot study and in-eligible (n=1)
Born before 37 week (n=18)
Excluded for other health reasons (n=40)

!
Randomised (n= 214)
Allocation
Usual Care group
Allocated to Usual Care – initial (n=106)
Excluded post-birth (n=5)

BLISS Intervention group
Allocated to BLISS – initial (n=108)
Excluded post-birth (n=3)

Final Usual Care group (n= 101)

Final BLISS Intervention group (n= 105)

Follow-up at 7 months
Withdrawn (n= 10)
• Before birth (n=2)
• Birth to seven months (n=8)

Withdrawn (n=8)
• Before birth (n=7)
• Birth to seven months (n=1)
• Received all intervention visits up to 7 months
(n=97)

Analysed (n= 91)

Analysed (n=97)
!

Figure 4.1 CONSORT diagram for the BLISS study to seven months
postpartum
!

!
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Table 4.1 Baseline socio-demographic and clinical characteristics of BLISS Study
participants (n=206) 1
All participants
(n=206)

Usual Care
group
(n=101)

BLISS Intervention
group
(n=105)

31.3 (5.6)

31.3 (6.2)

31.3 (4.9)

Maternal ethnicity
New Zealand European
M!ori
Pacific
Asian
Unknown/missing

168 (82.0)
19 (9.3)
5 (2.4)
13 (6.3)
1

85 (84.2)
8 (7.9)
2 (2.0)
6 (5.9)

83 (79.8)
11 (10.6)
3 (2.9)
7 (6.7)
1

Highest maternal qualification
6th Form/Year 12 and below
7th Form/Year 13 or NZ Trade Certificate
Polytechnic degree or diploma
University degree or higher
Missing

46 (22.4)
30 (14.6)
29 (14.2)
100 (48.8)
1

24 (23.8)
11 (10.9)
13 (12.9)
53 (52.5)

22 (21.2)
19 (18.3)
16 (15.4)
47 (45.2)
1

New Zealand Deprivation Index 2
1-3 (low deprivation)
4-7
8-10 (high deprivation)

60 (29.1)
102 (49.5)
44 (21.4)

29 (28.7)
49 (48.5)
23 (22.8)

31 (29.5)
53 (50.5)
21 (20.0)

Maternal pre-pregnancy body mass index
category 3
Normal
Overweight/obese
Missing

113 (58.2)
81 (41.8)
12

54 (59.3)
37 (40.7)
10

59 (57.3)
44 (42.7)
2

Parity
Primiparous
Multiparous

85 (41.3)
121 (58.7)

42 (41.6)
59 (58.4)

43 (41.0)
62 (59.1)

Infant ethnicity
New Zealand European
M!ori
Pacific
Asian

146 (70.9)
38 (18.5)
6 (2.9)
16 (7.8)

70 (69.3)
21 (20.8)
2 (2.0)
8 (7.9)

76 (72.4)
17 (16.2)
4 (3.8)
8 (7.6)

Infant sex
Male
Female
Missing

96 (46.8)
109 (53.2)
1

53 (53.0)
47 (47.0)
1

43 (41.0)
62 (59.1)

Maternal age at infant birth (years)
(mean (SD))

1
2

3

!
!

All data expressed as n (%) unless otherwise specified.
A measure of the socio-economic deprivation of small geographical areas. 1 represents areas that are the least
deprived and 10 the areas that are the most deprived (Atkinson, Salmond, & Crampton, 2014).
Body mass index = weight (kg) /(height (m))2. Participants were classified as overweight or obese if
BMI"25kg/m2.

!
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81
33 (20.5)
20 (12.4)
24 (14.9)
84 (52.2)
1
48 (29.6)
79 (48.8)
35 (21.6)
90 (58.4)
64 (41.6)
8

New Zealand Deprivation Index 2
1-3 (low deprivation)
4-7
8-10 (high deprivation)

Maternal pre-pregnancy body mass index 3
Normal
Overweight/Obese
Missing

136 (84.0)
13 (8.0)
4 (2.5)
9 (5.6)

Maternal ethnicity
New Zealand European
M!ori
Pacific
Asian
Unknown/missing

Highest maternal qualification
6th Form/Year 12 and below
7th Form/Year 13 or NZ Trade Certificate
Polytechnic degree or diploma
University degree or higher
Missing

32.1 (5.2)

Maternal age at infant birth (years) (mean (SD))

(n=162)

Participants who
returned a WFR at 7
months

23 (57.5)
17 (42.5)
4

12 (27.3)
23 (52.3)
9 (20.5)

13 (29.6)
10 (22.7)
5 (11.4)
16 (36.4)

32 (74.4)
6 (14.0)
1 (2.3)
4 (9.3)
1

28.2 (5.9)

All
(n=44)

13 (50.0)
13 (50.0)

7 (26.9)
11 (42.3)
8 (30.8)

9 (34.6)
5 (19.2)
2 (7.7)
10 (38.5)

21 (84.0)
1 (4.0)
1 (4.0)
2 (8.0)
1

27.7 (5.1)

Not withdrawn at
7 months
(n=26)

10 (71.4)
4 (28.6)
4

5 (27.8)
12 (66.7)
1 (5.6)

4 (22.2)
5 (27.8)
3 (16.7)
6 (33.3)

2 (11.1)

11 (61.1)
5 (27.8)

29.8 (6.9)

Withdrawn by 7
months
(n=18)

Participants who did not return a WFR at 7 months

Table 4.2 Baseline socio-demographic and clinical characteristics of participants with at least one complete
WFR day at seven months of age and participants that did not return a WFR at seven months 1
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3

2

1

18 (41.9)
25 (58.1)
1

27 (61.4)
12 (27.3)
1 (2.3)
4 (9.1)

17 (38.6)
27 (61.4)

All
(n=44)

11 (42.3)
15 (57.7)

19 (73.1)
4 (15.4)
1 (3.9)
2 (7.7)

9 (34.6)
17 (65.4)

Not withdrawn at
7 months
(n=26)

7 (41.2)
10 (58.8)
1

2 (11.1)

8 (44.4)
8 (44.4)

8 (44.4)
10 (55.6)

Withdrawn by 7
months
(n=18)

Participants who did not return a WFR at 7 months

All data expressed as n (%) unless otherwise specified.
A measure of the socio-economic deprivation of small geographical areas. 1 represents areas that are the least deprived and 10 the
areas that are the most deprived (Atkinson, Salmond, & Crampton, 2014).
Body mass index = weight (kg) /(height (m))2. Participants were classified as overweight or obese if BMI"25kg/m2.

78 (48.2)
84 (51.9)

119 (73.5)
26 (16.1)
5 (3.1)
12 (7.4)

Infant ethnicity
New Zealand European
M!ori
Pacific
Asian

Infant sex
Male
Female
Missing

68 (42.0)
94 (58.0)

(n=162)

Participants who
returned a WFR at 7
months

Parity
Primiparous
Multiparous

Table 4.2 continued

4.2

Adherence"

In the seven-month WFR parents were asked to indicate ‘who fed’ the infant each food item
during each of the three days, and this data were used to determine adherence to a Baby-Led
approach. Participants with fewer than three complete WFR days (Usual care group (n=30),
BLISS Intervention group (n=29)) were not included in the adherence analysis, due to the
small number of food items consumed each day by the infants. One participant in the BLISS
Intervention group was excluded from the adherence analysis because their completed threeday WFR was missing all ‘who fed’ data, leaving 75 participants in the Intervention group
were included in the adherence analysis.
Infant feeding data from the three-day WFR are presented in Table 4.3. Forty-eight
participants (64%) in the BLISS Intervention group were classified as adherent to a Baby-Led
approach to complementary feeding (≤ 10% of foods were solely parent-fed, ≤ 15% of
foods were infant and parent-fed together, and at least 75% of foods were infant self-fed
only). More than a third of infants in the BLISS Intervention group (35%) fed themselves all
of their food during the three-day WFR. Overall, infants in the BLISS Intervention group fed
themselves significantly more of their food than the Usual Care group (p<0.0001), and were
fed significantly less of their food by an adult only (p<0.0001). Interestingly, there was no
difference in the proportion of foods that were fed by the parent and infant together between
the groups (p=0.8947). The Usual Care group included eight participants (11%) who were
classified as adherent to a Baby-Led approach.
Although a third of participants in the BLISS group were classified as non-adherent to a
Baby-Led approach, they still demonstrated a pattern of infant feeding that appeared to differ
from that of participants in the Usual Care group. For example, 21.4% of foods were fed by
an adult only, compared to 60.1% for infants in the non-adherent Usual Care group, and
around half of all foods were infant self-fed only (52.4%) compared to around a quarter of
foods (26.2%) for the Usual Care group. Overall, in the BLISS non-adherent group infants
contributed to the feeding of over three-quarters (78.6%) of their food, compared to 40% for
infants in the non-adherent Usual Care group.
On average only 8% (1-2 foods per diet record) of foods in the seven-month WFR’s were
missing ‘who fed’ adherence data, and there was no difference in the proportion of missing
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data between the groups. The impact of the foods with missing adherence measures was
examined using two hypothetical extremes, namely that all of the foods with missing ‘who
fed’ measures were infant self-fed only or were parent-fed only. If all of the foods with
missing adherence measures were infant self-fed only, one additional participant in the BLISS
group, and two additional participants in the Usual Care group, would have been classified as
adherent to the Baby-Led approach to infant feeding. If all of the foods with missing
adherence measures were parent-fed only, eight participants in the BLISS group would no
longer have been classified as adherent, meaning that only 40 participants (53%) in the BLISS
group would have been classified as adherent to a Baby-Led approach.
A significantly greater proportion of the foods eaten by BLISS group infants were ‘Unaltered’
in texture (‘Naturally smooth’ or ‘Whole’), rather then ‘Puréed’, ‘Mashed’ or ‘Diced’,
compared to infants in the Usual Care group (p<0.0001). Infants in the BLISS Intervention
group consumed a greater number of foods during the three-day WFR, compared to the Usual
Care group (p=0.0008).
Consumption of infant milk was similar between the study groups. Approximately half of
infants consumed breast milk as their only source of infant milk during the WFR, a quarter
consumed some infant formula and breast milk, and a quarter received only infant formula
(p=0.8958).
Infant eating behaviour data collected by the Feeding Questionnaires administered at two,
four, six and seven months of age (Appendix D) are shown in Table 4.4. These are reported
according to whether infants were classified as adherent or non-adherent to a Baby-Led
approach using the seven-month WFR data (described above in Table 4.3). Thirty
participants in each group (approximately 30%) did not provide a WFR at seven months
(because they had withdrawn from the study prior to seven months (n=18), were enrolled in
the study at seven months but did not return a WFR (n=26), or returned a WFR including
fewer than three complete days (n=16)). Without a complete WFR their adherence to a BabyLed approach to complementary feeding could not be determined, so they were reported as a
separate group.
Almost all (97.9%) study participants initiated breastfeeding, however the median duration of
exclusive breastfeeding was significantly longer in the BLISS Intervention group (21.7
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weeks) than the Usual Care group (17.3 weeks) (p=0.0101). In addition, a significantly
greater proportion of BLISS infants (38%) were exclusively breastfed until six months (26
weeks) of age compared to the Usual Care group (12%) (p<0.0001). Overall, fewer than 20%
of infants in the Usual Care group met the NZ recommendation to delay introduction of
complementary foods until six months (26 weeks of age) (New Zealand Ministry of Health,
2008), whereas more than 65% of infants in the BLISS Intervention group met the
recommendation. Participants classified as adherent to a Baby-Led approach appeared to
breastfeed exclusively for longer, and their infants were older when they first had solid foods,
compared to non-adherent participants. The texture of foods offered to infants in each group
when they first consumed solid foods was significantly different. Infants in the BLISS group
were more likely to be offered finger foods and Usual Care group infants were more likely to
be offered ‘Puréed’ or ‘Mashed’ foods (p<0.001).
Table 4.5 compares adherence measured by the Feeding Questionnaires and the WFR. A
significantly greater proportion of infants in the BLISS group were classified as adherent by
the Feeding Questionnaires when they first started solids, and at six, seven and eight months
of age compared to the Usual Care group (p<0.001 for all). The Feeding Questionnaires were
collected before and after the period when the WFR was collected yet adherence measured by
the Feeding Questionnaire demonstrated good agreement with the WFR. Ninety percent of
infants in the BLISS Intervention group who were classified as adherent by the WFR at seven
months of age fed themselves most or all of their food, and were classified as adherent by the
Feeding Questionnaire, when they were first introduced to solid foods. The proportion
classified as adherent by both methods increased to over 93% at six, seven and eight months.
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94.2 (7.3)

33.9 (30.8) 11
12.8 (17.1)
53.3 (36.2)

34.7 (29.9)
19.9 (20.5)
3.9 (7.5)
6.4 (10.9)
35.0 (30.5)

58.6 (31.6)
41.4 (31.6)

Percentage of foods infant self-fed only (mean(SD))

Percentage of foods fed by both parent and infant (mean(SD))

Percentage of foods fed by a parent only (mean(SD))

Percentage of foods eaten with a pureed texture (mean(SD)) 4

Percentage of foods eaten with a mashed texture (mean(SD)) 5

Percentage of foods eaten with a diced texture (mean(SD)) 6

Percentage of foods eaten with a naturally smooth texture
(mean(SD)) 7

Percentage of foods eaten with a whole texture (mean(SD)) 8

Percentage of foods eaten with altered texture (mean(SD)) 9

Percentage of foods eaten with unaltered texture (mean(SD)) 10

91.8 (13.5)

8.5 (13.5)

86.9 (13.2)

5.0 (5.8)

6.9 (10.9)

1.25 (3.5)

0.0 (0.0)

0.0 (0.0)

5.8 (7.3)

Adherent to
Baby-Led
approach 2
(n=8)

All
(n=71)

35.0 (27.1)

65.0 (27.1)

28.5 (25.3)

6.6 (11.4)

3.5 (7.0)

22.3 (20.6)

39.1 (28.9)

60.1 (32.6)

13.7 (17.8)

26.2 (23.1)

Non-adherent
to Baby-Led
approach 2
(n=63)

Usual Care group

76.7 (23.0)

23.3 (23.0)

73.2 (23.5)

3.5 (5.7)

5.1 (11.5)

9.2 (12.8)

9.0 (11.9)

8.0 (14.9)

12.4 (18.3)

79.6 (24.3)

All
(n=75)

86.2 (17.8)

13.8 (17.8)

83.5 (17.7)

2.7 (4.5)

4.6 (12.9)

4.1 (6.8)

5.1 (9.3)

0.4 (1.4)

4.7 (7.0)

94.9 (7.2)

Adherent to
Baby-Led
approach 2
(n=48)

59.8 (21.7)

40.2 (21.7)

54.8 (21.3)

5.0 (7.3)

6.0 (8.6)

18.2 (15.9)

16.0 (12.8)

21.4 (18.4)

26.2 (23.6)

52.4 (19.9)

Non-adherent
to Baby-Led
approach 2
(n=27)

BLISS Intervention group

<0.0001

<0.0001

- 11

- 11

- 11

- 11

- 11

<0.0001

0.8947

<0.0001

3

p value

Table 4.3 Infant feeding behaviour, food texture and infant milk consumption from the WFR at seven months of age for participants with three
complete WFR days (n=146)1 reported according to level of adherence to the BLW approach to complementary feeding 2,3
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8.0 (14.3)

Percentage of foods eaten with missing adherence measure
(mean(SD))

19 (26.8)
17 (23.9)

Breast milk and infant formula (n(%))

Infant formula (n(%))

1 (12.5)

1 (12.5)

6 (75.0)

2.0 (3.8)

18.5 (7.1)

Adherent to
Baby-Led
approach 2
(n=8)

16 (25.4)

18 (28.6)

29 (46.0)

8.8 (15.0)

14.6 (7.6)

Non-adherent
to Baby-Led
approach 2
(n=63)

Usual Care group

17 (22.7)

18 (24.0)

40 (53.3)

7.7 (13.2)

19.5 (8.0)

All
(n=75)

9 (18.8)

11 (22.9)

28 (58.3)

7.9 (14.7)

19.5 (7.5)

Adherent to
Baby-Led
approach 2
(n=48)

8 (29.6)

7 (25.9)

12 (44.4)

7.2 (10.1)

19.6 (9.0)

Non-adherent
to Baby-Led
approach 2
(n=27)

BLISS Intervention group

0.8958

0.8819

0.0008

2

3

p value

One participant with three complete WFR days was missing all ‘who fed’ data from the WFR and was therefore excluded as adherence was unable to be determined.
Adherent = if ! 10% of foods were solely parent-fed, ! 15% of foods were infant and parent-fed together, and at least 75% of foods were infant self-fed only.
!"p value for between group comparison. Values in bold are significantly different (p<0.05).
4
‘Pureed’ food texture = food that was blended together to make a smooth consistency.
5
‘Mashed’ food texture = food that was mashed by hand to make a lumpy consistence.
6
‘Diced’ food texture = food that was chopped into small pieces and needed a spoon to eat it.
7
‘Naturally smooth’ food texture = foods are foods that have a smooth in texture with out additional texture modification: yoghurt, hummus, spreads, porridge.
8
‘Whole’ food texture = food in pieces that are large enough to easily handle and eat by hand.
9
‘Altered’ texture foods = total percentage of foods that were offered that had an altered texture (pureed, mashed and diced foods).
10
‘Unaltered’ texture foods = total percentage of foods that were offered in their unaltered form (naturally smooth and whole foods).
11
The proportion of individual textures were not compared. To reduce to number of statistical comparisons and the type I error they were combined into two categories
‘Unaltered’ and ‘Altered’ texture for comparison.

1

35 (49.3)

Breast milk only (n(%))

Infants milk consumption

15.1 (7.6)

(n=71)

All

Total number of foods eaten during three days (mean(SD))

Table 4.3 continued
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Consumed solid foods before 6 months of age
Yes
No
Missing (n)

Infant age when first consumed solid foods
(weeks) (median (IQR))
Missing (n)

Exclusive breastfeeding duration ! 6 months
Yes
No
Missing (n)

Duration of exclusive breastfeeding (weeks)
(median (IQR))
Missing (n)

Infant was ever breastfed
Yes
No
Missing (n)

77 (81.9)
17 (18.1)
7

23.3
(2.1)
7

11 (11.6)
84 (88.4)
6

17.3
(20.8)
6

93 (97.9)
2 (2.1)
6

All
(n=101)

4 (50.0)
4 (50.0)

25.5 (3.7)

3 (37.5)
5 (62.5)

24.4 (6.4)

8 (100.0)

Adherent
to BabyLed
approach 2
(n=8)

55 (87.3)
8 (12.7)

22.8 (2.1)

5 (7.9)
58 (92.1)

16.9 (22.2)

62 (98.4)
1 (1.6)

Nonadherent to
Baby-Led
approach 2
(n=63)

Usual Care group

18 (78.3)
5 (21.7)
7

22.8 (6.5)
7

3 (12.5)
21 (87.5)
6

10.9 (20.3)
6

23 (95.8)
1 (4.2)
6

Adherence
unable to be
determined3
(n=30)

33 (34.7)
62 (65.3)
10

26.0 (2.2)
10

37 (38.1)
60 (61.9)
8

21.7
(22.0)
8

97 (99.0)
1 (1.0)
7

All
(n=105)

10 (20.8)
38 (79.2)

26.0 (0.0)

20 (41.7)
28 (58.3)

22.8 (23.5)

48 (100.0)

Adherent
to BabyLed
approach 2
(n=48)

17 (63.0)
10 (37.0)

23.8 (3.9)

8 (28.6)
20 (71.4)

17.3 (22.5)

27 (100.0)

Nonadherent to
Baby-Led
approach 2
(n=27)

6 (30.0)
14 (70.0)
10

26.0 (2.2)
10

9 (42.9)
12 (42.9)
8

22.8 (19.0)
8

22 (95.7)
1 (4.4)
7

Adherence
unable to be
determined3
(n=30)

BLISS Intervention group

<0.0001

<0.0001

<0.0001

0.0101

0.5425

p value 4

Table 4.4 Infant breastfeeding and complementary feeding behaviours from the Feeding Questionnaires, administered at two to seven months of
age, reported according to level of adherence to the Baby-Led approach as determined from the three-day WFR at seven months of age 1
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73 (78.5)
20 (21.5)
8

Infant fed themselves solid food before seven
months (!30.3 weeks)
Yes
No
Missing (n)
8 (100.0)

1 (12.5)
1 (12.5)
2 (25)
1 (12.5)
3 (37.5)

Adherent
to BabyLed
approach 2
(n=8)

49 (77.8)
14 (22.2)

47 (74.6)
7 (11.1)
2 (3.2)
3 (4.8)
4 (6.4)

Notadherent to
Baby-Led
approach 2
(n=63)

Usual Care group

16 (72.7)
6 (27.3)
8

3 (13.0)
7

16 (69.6)
3 (13.0)
1 (4.4)

Adherence
unable to be
determined3
(n=30)

92 (96.8)
3 (3.2)
10

27 (28.4)
5 (5.3)
7 (7.4)
20 (21.1)
36 (37.9)
10

All
(n=105)

47 (97.9)
1 (2.1)

4 (8.3)
3 (6.3)
2 (4.2)
15 (31.3)
24 (50.0)

Adherent
to BabyLed
approach 2
(n=48)

26 (96.3)
1 (3.7)

17 (63.0)
2 (7.4)
3 (11.1)
4 (14.8)
1 (3.7)

Notadherent to
Baby-Led
approach 2
(n=27)

10

20 (100.0)

2 (10.0)
1 (5.0)
11 (55.0)
10

6 (30.0)

Adherence
unable to be
determined3
(n=30)

BLISS Intervention group

0.0001

<0.0001

p value 4

2

All data are presented as n(%) unless otherwise specified.
Adherent (from three-day WFR) = if ! 10% of foods were solely parent-fed, ! 15% of foods were infant and parent-fed together, and at least 75% of foods were infant
self-fed only.
3
Withdrew from the study prior to seven month data collection (n=18), enrolled at seven months but did not return a WFR (n=26), completed less than three days of WFR
(n=15), missing all adherence measures from three-day WFR (n=1).
4
p value for between group comparison. Values in bold are significantly different (p<0.05).

1

64 (68.1)
11 (11.7)
5 (5.3)
4 (4.3)
10 (10.6)
7

All
(n=101)

Texture of foods when infant first consumed
solid food
All pureed or mashed
Mostly pureed/mashed, some finger-foods
Half pureed/mashed, half finger-foods
Mostly finger-foods, some pureed/mashed
All finger-foods
Missing (n)

Table 4.4 continued
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10 (13.5)
64 (86.5)
27
15 (18.8)
65 (81.30)
21
25 (29.8)
59 (70.2)
17

Who fed infant their food in the past week at six months of age
Mostly or all infant self-fed (adherent)
About half or more parent-fed only (non-adherent)
Missing (n)

Who fed infant their food in the past week at seven months of age
Mostly or all infant self-fed (adherent)
About half or more parent-fed only (non-adherent)
Missing (n)

Who fed infant their food in the past week at eight months of age
Mostly or all infant self-fed (adherent)
About half or more parent-fed only (non-adherent)
Missing (n)

8 (100.0)

7 (87.5)
1 (12.5)

2 (50.0)
2 (50.0)
4

5 (62.5)
3 (37.5)

Adherent to
Baby-Led
approach 2
(n=8)

12 (20.7)
46 (79.3)
5

4 (7.6)
49 (92.5)
10

3 (6.0)
47 (94.0)
13

5 (7.9)
58 (92.1)

Non-adherent
to Baby-Led
approach 2
(n=63)

64 (71.9)
25 (28.1)
16

60 (74.1)
21 (25.9)
24

41 (69.5)
18 (30.5)
46

58 (61.1)
37 (39.0)
10

All
(n=75)

42 (93.3)
3 (6.7)
3

42 (95.5)
2 (4.6)
4

27 (93.1)
2 (6.9)
19

43 (89.6)
5 (10.4)

Adherent to
Baby-Led
approach 2
(n=48)

11 (44.0)
14 (56.0)
3

9 (45.0)
11 (55.0)
8

5 (29.4)
12 (70.6)
11

6 (21.4)
22 (78.6)

Non-adherent
to Baby-Led
approach 2
(n=27)

BLISS intervention group

<0.0001

<0.0001

<0.0001

<0.0001

4

p value

2

All data are presented as n (%) unless otherwise specified.
Bold highlighting is used to indicate agreement between adherence from the WFR and Feeding Questionnaires.
3
Adherence (from three-day WFR) = ! 10% of foods were solely parent-fed, ! 15% of foods were infant and parent-fed together, and at least 75% of foods were infant
self-fed only.
4
p value for between group comparison. Values in bold demonstrate agreement between adherence classified by the WFR and Feeding Questionnaire.

1

14 (14.9)
80 (85.1)
7

Who fed infant when they first had solid food
Mostly or all infant self-fed (adherent)
About half or more parent-fed only (non-adherent)
Missing (n)

All
(n=71)

Usual Care group

Table 4.5 Comparison of adherence to a Baby-Led approach (defined as infant self-feeding) measured by the BLISS Feeding Questionnaires
(two to seven months of age) and the three-day WFR at seven months of age 1,2

4.3

Food"group"intakes"

The proportion of infants, with three complete WFR days (Usual care group (n=71), BLISS
Intervention group (n=76)), who ate from each of the 13 food groups, during the three-day
WFR at seven months of age, is presented in Table 4.6. Table 4.7 presents the median
percentage of complementary food energy from each of the 13 food groups. The food group
‘Bread, pasta, rice and low-sugar cereals’ contributed significantly more to the energy intake
of infants in the BLISS Intervention group, compared to the Usual Care group (p<0.001),
although overall there was no difference in the proportion in each group who consumed bread
and cereal products during the three-day WFR (OR: 1.69, 95%CI: 0.57, 5.03). The proportion
of infants who ate any ‘Fruit and fruit juice’ or ‘Vegetables’ was the same in each group;
however, ‘Fruit’ and ‘Vegetables’ provided a significantly greater proportion of energy intake
for the Usual Care group. Infants in the BLISS Intervention group were significantly more
likely to have consumed ‘Meat’ from non-infant foods during the WFR (OR: 8.04 95%CI:
3.57, 18.13), non-infant food meat also supplied a significantly greater proportion of their
energy intake (approximately 5%), compared to Usual Care group infants (p<0.001). The
‘Cows milk and dairy products’ food group was consumed by a significantly greater
percentage of the BLISS group, particularly from non-infant foods, and provided significantly
more of their energy intake (p<0.001), almost 12% of energy overall. BLISS infants were
more likely to have eaten ‘Sweet foods’, although overall the energy contribution from this
food groups was low. Interestingly, significantly more infants in the BLISS Intervention
group consumed ‘Powdered infant cereal’ than the Usual Care group during the three-day
WFR, although there was no difference in its contribution to energy intake between the
groups. Infants in the Usual Care group had significantly greater odds of consuming ‘Readyto-eat commercial infant foods’, which also contributed significantly more of their energy
intake, around 16% overall.
!
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Table 4.6 Proportion of infants (with three complete WFR days) who consumed each food
group during the three-day WFR at seven months of age (n=147) and the Odds Ratio for
consuming each food group for infants in the BLISS group, compared to the Usual Care
group 1
OR (95%CI) 2

p value

70 (92.1)

1.69 (0.57, 5.03)

0.338

33 (46.5)

15 (19.7)

0.28 (0.14, 0.59)

<0.001

From other food

47 (66.2)

69 (90.8)

5.03 (2.01, 12.63)

<0.001

Fruit and fruit juice

66 (93.0)

72 (94.7)

1.36 (0.35, 5.29)

0.653

From commercial infant foods

36 (50.7)

21 (27.6)

0.37 (0.19, 0.74)

0.004

From other food

63 (88.7)

69 (90.79)

1.25 (0.43, 3.65)

0.681

69 (97.2)

74 (97.4)

1.07 (0.15, 7.82)

0.945

From commercial infant foods

37 (52.1)

13 (17.1)

0.19 (0.09, 0.40)

<0.001

From other food

57 (80.3)

71 (93.42)

3.49 (1.19, 10.26)

0.016

52 (73.2)

68 (89.5)

3.11 (1.26, 7.65)

0.010

Usual care
(n=71)

BLISS
(n=76)

(n (%))

(n (%))

62 (87.3)

From commercial infant foods

General foods
Bread, pasta, rice, low-sugar cereal

Vegetables

Meat
From commercial infant foods

29 (40.9)

9 (11.8)

0.19 (0.08, 0.45)

<0.001

From other food

32 (45.1)

66 (86.8)

8.04 (3.57, 18.13)

<0.001

10 (14.1)

11 (14.5)

1.03 (0.41, 2.60)

0.946

Processed meat
From commercial infant foods

4 (5.6)

1 (1.3)

0.22 (0.2, 2.05)

0.137

From other food

6 (8.5)

11 (14.5)

1.83 (0.64, 5.25)

0.250

Eggs, beans, tofu, nuts

17 (23.9)

60 (79.0)

11.91 (5.49, 25.9)

<0.001

Cow’s milk and dairy products

39 (54.9)

67 (88.2)

6.11 (2.64, 14.12)

<0.001

From commercial infant foods

14 (19.7)

11 (14.5)

0.69 (0.29, 1.64)

0.399

From other food

33 (46.5)

64 (84.2)

6.14 (2.83, 13.30)

<0.001

Butter, margarine and oil

30 (42.3)

60 (79.0)

5.13 (2.48, 10.58)

<0.001

Fries, roast potatoes and roast kumara

8 (11.3)

19 (25)

2.63 (1.07, 6.46)

0.029

Savoury snacks

37 (52.1)

48 (63.2)

1.57 (0.82, 3.04)

0.175

From commercial infant foods

9 (12.7)

8 (10.5)

0.81 (0.29, 2.23)

0.684

From other food

34 (47.9)

45 (59.2)

1.58 (0.82, 3.03)

0.169

21 (29.58)

48 (63.2)

4.08 (2.05, 8.14)

<0.001

From commercial infant foods

8 (11.3)

7 (9.2)

0.80 (0.27, 2.33)

0.681

From other food

17 (23.9)

47 (61.8)

5.15 (2.52, 10.52)

<0.001

Powdered infant cereal

40 (56.3)

59 (77.6)

2.69 (1.32, 5.50)

0.006

All ready-to-eat commercial infant foods

49 (69.0)

34 (44.7)

0.36 (0.18, 0.71)

0.003

Sweet foods

Infant specific foods

1

Values in bold are significantly different (p<0.05).

2

Odds Ratio
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Table 4.7 Median percentage of energy from complementary foods contributed by each food
group for infants (with three-complete WFR days) during the three-day WFR at seven months
of age (n=147) 1
Usual care

BLISS

(n=71)

(n=76)

(median (IQR))

(median (IQR))

p value

General foods
Bread, pasta, rice, low-sugar cereal

9.4 (3.3, 18.4)

20.7 (14.8, 29.1)

<0.001

From commercial infant foods

0.0 (0.0, 4.5)

0.0 (0.0, 0.0)

<0.001

From other food

4.7 (0, 16.2)

20.7 (10.5, 28.2)

<0.001

30.7 (15.8, 49.8)

18.3 (9.3, 29.1)

0.001

0.4 (0.0, 12.3)

0 (0.0, 1.6)

0.002

18.5 (5.09, 28.5)

12.2 (5.4, 19.9)

0.105

10.8 (6.2, 20.4)

6.3 (3.0, 11.1)

<0.001

From commercial infant foods

1.5 (0.0, 7.0)

0.0 (0.0, 0.0)

<0.001

From other food

6.3 (1.2, 12.5)

4.8 (2.6, 10.0)

0.509

4.3 (0.0, 12.6)

5.4 (2.5, 10.3)

0.400

From commercial infant foods

0.0 (0.0, 3.3)

0.0 (0.0, 0.0)

<0.001

From other food

0.0 (0.0 8.3)

4.8 (1.8, 8.8)

<0.001

0.0 (0.0, 0.0)

0.0 (0.0, 0.0)

0.629

From commercial infant foods

0.0 (0.0, 0.0)

0.0 (0.0, 0.0)

0.138

From other food

0.0 (0.0, 0.0)

0.0 (0.0, 0.0)

0.139

Eggs, beans, tofu, nuts

0.0 (0.0, 0.0)

2.2 (0.0, 7.5)

<0.001

Cow’s milk and dairy products

2.1 (0.0 13.8)

11.5 (4.8, 20.1)

<0.001

From commercial infant foods

0.0 (0.0, 0.0)

0.0 (0.0, 0.0)

0.272

From other food

0.0 (0.0, 10.5)

11.0 (3.6, 19.5)

<0.001

Butter, margarine and oil

0.0 (0.0, 2.0)

2.1 (0.1, 5.5)

<0.001

Fries, roast potatoes and roast kumara

0.0 (0.0, 0.0)

0.0 (0.0, 0.0)

0.029

Savoury snacks

0.2 (0.0, 3.2)

0.3 (0.0, 2.7)

0.536

From commercial infant foods

0.0 (0.0, 0.0)

0.0 (0.0, 0.0)

0.341

From other food

0.0 (0.0. 2.8)

0.2 (0.0, 2.3)

0.327

0.0 (0.0, 1.4)

3.7 (0.0, 13.4)

<0.001

From commercial infant foods

0.0 (0.0, 0.0)

0.0 (0.0, 0.0)

0.667

From other food

0.0 (0.0, 0.0)

3.3 (0.0, 10.4)

<0.001

Powdered infant cereal

1.4 (0.0, 11.5)

2.5 (0.0, 6.6)

0.742

All ready-to-eat commercial infant foods

15.8 (0.0, 37.0)

0.0 (0.0, 12.5)

<0.001

Fruit and fruit juice
From commercial infant foods
From other food
Vegetables

Meat

Processed meat

Sweet foods

Infant specific foods

1

Values in bold indicate the group with significantly higher percentage of energy from the food group (larger
total sum of ranks).
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4.4

Nutrient"intakes"

Mean daily intakes of nutrients from complementary foods and infant milk feeds for the
Usual Care and BLISS Intervention groups are presented in Tables 4.8 (macronutrients), 4.9
(minerals), and 4.10 (vitamins). There was no significant difference in the intake of any
macronutrients after adjustment for prognostic factors. Overall, approximately 10% of total
energy intake was provided by protein, 45% by fat and 45% by carbohydrates in both study
groups. Mean daily intake of selenium and sodium were significantly higher, and vitamin A
was significantly lower, for infants in the BLISS Intervention group compared to the Usual
Care group. However, although statistically significant, the actual difference in selenium and
vitamin A intakes between the groups was small. The mean selenium intake of the BLISS
Intervention group was 10% (95%CI: 3, 17) higher than the Usual Care group, and 12%
(95%CI: -20, -3) lower for vitamin A. However, the difference between mean sodium intakes
was larger, with the intake of the BLISS group being 38% (95%CI: 20, 59) higher than that of
the Usual Care group, which was an actual difference of 82mg of sodium. The group mean
daily intake of most nutrients was higher than the Adequate Intake (AI) for infants aged 7-12
months. However, intake of iodine was substantially lower than the recommended AI level in
infants from both study groups.
Tables 4.11 (macronutrients), 4.12 (minerals) and 4.13 (vitamins) present the Usual Care and
BLISS Intervention group mean daily intake of nutrients from complementary foods only.
On average, infants in the BLISS group consumed significantly more protein, fat and
saturated fat from complementary foods than infants in the Usual Care group, whereas there
was no difference between the groups with respect to carbohydrate, sugar and fibre intake.
The daily mean intakes of calcium, selenium, iodine and sodium were all higher in the BLISS
Intervention group. Calcium intake was 52% (95%CI: 2, 127) greater in the BLISS group,
which corresponded to an actual difference of 18.9mg, or 7% of the AI for infants. The
differences in intakes of selenium and iodine between the groups were similarly small.
However, the difference in sodium intake between the groups was large. The intake for the
BLISS group was more than double that of the Usual Care group’s intake (percentage
difference 149% (95%CI: 67, 269)), an actual difference of 72.5mg higher, or 42.6% of the
AI for infants.
!
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Adjusted for prognostic variables: tertiary education (yes/no), primiparity (yes/no), infant sex, maternal pre-pregnancy body mass index, maternal age and New Zealand
Deprivation Index 2013 (an index of socioeconomic deprivation derived from participants baseline home address).

0.516

4

-10 (-36, 25)

0.199

Percentage difference is interpreted as the difference between the daily mean nutrient intake of the BLISS Intervention group, compared to the Usual Care group, expressed a
proportion of the mean intake of the Usual Care group. Percentage difference = (BLISS group mean - Usual Care group mean) / (Usual Care group mean).

0.408

-2 (-5, 1)

0.658

0.433

0.058

0.277

0.172

0.210

Energy NRV = Estimated energy requirements for seven month old infants.

-13 (-37, 20)

0.227

2 (-6, 10)

2 (-3, 6)

6 (0, 12)

3 (-3, 10)

7 (-3, 19)

4 (-2, 10)

Adjusted
p value 4

3

2.2 (1.7, 2.7)

-2 (-5, 1)

0.489

0.520

0.031

0.216

0.102

0.1189

(95% CI)

Adjusted
percentage
difference 3 4

New Zealand Adequate Intakes for 7-12 month infants unless otherwise specified.

2.5 (2.0, 3.1)

45.2 (44.2, 46.2)

3 (-5, 11)

1 (-3, 6)

6 (1, 12)

4 (-2, 10)

9 (-2, 20)

5 (-1, 11)

p value

2

-

46.0 (45.1, 47.1)

79.7 (75.6, 84.0)

44.7 (43.5, 46.0)

35.0 (33.7, 36.3)

9.9 (9.6, 10.3)

17.5 (16.4, 18.7)

2946 (2831, 3066)

(95% CI)

Percentage
difference 3

1

Fibre (g)

Percentage of energy from
carbohydrate (%)

77.6 (73.5, 82.0)

95

33.0 (31.7, 34.3)

9.6 (9.1, 10.0)

16.1 (14.9, 17.4)

2815 (2701, 2935)

Carbohydrate (g)

2

(Geometric mean
(95%CI)

(Geometric mean
(95%CI)

44.1 (42.8, 45.5)

30

14

Female: 2500

Male: 2800 2

BLISS (n=85)

Usual Care (n=77)

Percentage of energy from fat (%)

Fat (g)

Percentage of energy from protein (%)

Protein (g)

Energy (kJ)

Macronutrients

Values 1

Nutrient
Reference

Table 4.8 Infant daily mean intake of selected macronutrients from complementary foods and infant milk feeds (breast milk and infant
formula) during the three-day WFR at seven months of age, New Zealand infant (7-12 months old) Nutrient Reference Values, and the
percentage difference in nutrient intake comparing the BLISS Intervention group to the Usual Care group
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75

700

15

110

Magnesium (mg)

Potassium (mg)

Selenium (µg)

Iodine (µg)

<0.001

0.988

0.005

0.396

0.951

Adjusted for prognostic variables: tertiary education (yes/no), primiparity (yes/no), infant sex, maternal pre-pregnancy body mass index, maternal age and New Zealand
Deprivation Index 2013 (an index of socioeconomic deprivation derived from participants baseline home address).

38 (20, 59)

0 (-18, 23)

10 (3, 17)

-5 (-15, 6)

0 (-14, 15)

0.801

Adjusted
p value 3

3

<0.001

0.586

0.002

0.532

0.792

2 (-10, 1.14)

(95% CI)

Adjusted percentage
difference 2 3

Percentage difference is interpreted as the difference between the daily mean nutrient intake of the BLISS Intervention group, compared to the Usual Care group, expressed a
proportion of the mean intake of the Usual Care group. Percentage difference = (BLISS group mean - Usual Care group mean) / (Usual Care group mean).

38 (20, 59)

6 (-14, 31)

11 (4, 8)

-3 (-13, 8)

2 (-11, 17)

0.475

p value

New Zealand Adequate Intakes for 7-12 month infants unless otherwise specified.

297 (268, 329)

44 (38, 51)

19 (19, 20)

813 (757, 874)

59 (54, 64)

4 (-7, 18)

(95% CI)

2

Percentage difference

2

215 (195, 237)

42 (36, 49)

18 (17, 18)

841 (775, 913)

58 (52, 64)

413 (381, 477)

(Geometric mean (95% CI)

(Geometric mean (95% CI)

395 (361, 4323)

BLISS (n=85)

Usual care (n=77)

1

170

270

Calcium (mg)

Sodium (mg)

Values 1

Minerals

Nutrient
Reference

Table 4.9 Infant daily mean intake of minerals from complementary foods and infant milk feeds (breast milk and infant formula) from the
three-day WFR at seven months of age, New Zealand infant (7-12 months old) Nutrient Reference Values and the percentage difference in
nutrient intake of the BLISS Intervention compared to the Usual Care group
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430

Vitamin A

0.5

30

5

5

80

Vitamin B12 (µg)

Vitamin C (mg)

Vitamin D (µg)

Vitamin E (mg)

Folate

0.389

0.476

0.898

0.062

0.632

0.554

0.524

0.631

0.528

Adjusted for prognostic variables: tertiary education (yes/no), primiparity (yes/no), infant sex, maternal pre-pregnancy body mass index, maternal age and New Zealand
Deprivation Index 2013 (an index of socioeconomic deprivation derived from participants baseline home address).

11 (-13, 42)

5 (8, 19)

3 (-32, 54)

-12 (-22, 1)

9 (-22, 52)

-6 (-33, 15)

3 (-6, 12)

-4 (-20, 15)

6 (-11, 25)

0.012

Adjusted
p value 3

3

0.546

0.251

0.568

0.119

0.434

0.755

0.615

0.985

0.337

-12 (-20, -3)

(95% CI)

Adjusted percentage
difference 2 3

Percentage difference is interpreted as the difference between the daily mean nutrient intake of the BLISS Intervention group, compared to the Usual Care group, expressed a
proportion of the mean intake of the Usual Care group. Percentage difference = (BLISS group mean - Usual Care group mean) / (Usual Care group mean).

8 (-15, 37)

8 (-5, 22)

13 (-26, 72)

-10 (-21, 3)

15 (-19, 62)

-3 (-20, 18)

2 (-6, 11)

0 (-17, 21)

9 (-8, 28)

0.013

p value

New Zealand Adequate Intakes for 7-12 month infants unless otherwise specified.

51 (43, 60)

4.7 (4.3, 5.1)

1.5 (1.1, 2.0)

53 (49, 58)

0.52 (0.41, 0.65)

334 (293, 380)

7.4 (7.0, 7.8)

542 (477, 616)

360 (321, 404)

-12 (-20, -3)

(95% CI)

Percentage
difference 2

2

47 (40, 55)

4.3 (4.0, 4.7)

1.3 (0.9, 1.8)

59 (54, 65)

0.45 (0.35, 0.59)

344 (298, 398)

7.2 (6.8, 7.7)

541 (468, 625)

332 (293, 376)

620 (585, 656)

(Geometric mean (95%
CI)

(Geometric mean (95% CI)

701 (646, 759)

BLISS (n=85)

Usual care (n=77)

1

(Dietary folate equivalents) (µg)

300

Vitamin B6 (µg)

4

400

Riboflavin (µg)

Niacin equivalents (mg)

300

Thiamine (µg)

(Retinol equivalents) (µg)

Values 1

Vitamins

Nutrient
Reference

Table 4.10 Infant daily mean intake of vitamins from complementary foods and infant milk feeds (breast milk and infant formula) during a
three-day WFR at seven months of age, New Zealand Adequate Intake for 7-12 month old infants, and the percentage difference2 between the
BLISS Intervention and the Usual Care group
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-11 (-36, 25)

-22 (-48, 17)

-16 (-23, -8)

2 (-27, 43)

82 (28, 157)

40 (20, 65)

63 (17, 127)

18 (5, 33)

37 (0, 88)

21 (-11, 65)

0.509

0.226

<0.001

0.901

0.001

<0.001

0.004

0.006

0.049

0.211

Adjusted
p value 2

Adjusted for prognostic variables: tertiary education (yes/no), primiparity (yes/no), infant sex, maternal pre-pregnancy body mass index, maternal age and New Zealand
Deprivation Index 2013 (an index of socioeconomic deprivation derived from participants baseline home address).

0.402

0.256

<0.001

0.896

<0.001

<0.001

0.002

0.006

0.043

0.176

2

Adjusted percentage
difference (95% CI) 1

2

-13 (-37, 20)

-20 (-46, 18)

-17 (-24, -8)

2 (-27, 42)

86 (32, 162)

43 (22, 68)

67 (21, 130)

18 (5, 32)

37 (1, 86)

23 (-9, 65)

p value

Percentage difference is interpreted as the difference between the daily mean nutrient intake of the BLISS Intervention group, compared to the Usual Care group, expressed a
proportion of the mean intake of the Usual Care group. Percentage difference = (BLISS group mean - Usual Care group mean) / (Usual Care group mean).

2.2 (1.7, 2.7)

6.9 (5.2, 9.2)

51.1 (47.6, 54.9)

18.0 (14.1, 23.0)

1.6 (1.3, 2.0)

28.9 (26.4, 31.5)

4.5 (3.7, 5.5)

14.8 (13.9, 15.7)

5.2 (4.3, 6.3)

586.8 (478.89, 718.91)

Percentage difference
1
(95% CI)

1

2.5 (2.0, 3.1)

Fibre (g)

61.3 (57.7, 65.1)

Percentage of energy from carbohydrate
(%)
8.7 (6.6, 11.5)

17.6 (14.1, 21.9)

Carbohydrate (g)

Sugar (g)

0.9 (0.6, 1.1)

20.2 (17.5, 23.3)

2.7 (2.1, 3.5)

Saturated fat (g)

Percentage of energy from fat (%)

Fat (g)

12.6 (11.4, 13.9)

3.8 (3.0, 4.8)

Protein (g)

Percentage of energy from protein (%)

478.7 (384.7, 595.7)

(Geometric mean (95%
CI)

(Geometric mean (95%
CI)

Energy (kJ)

Macronutrients

BLISS (n=85)

Usual care (n=77)

Table 4.11 Infants intake of macronutrients from complementary foods alone during the three-day WFR at seven months of age and the
percentage difference in the nutrient intake comparing the BLISS Intervention group to the Usual Care group
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1.8 (1.4, 2.4)
1.4 (1.0, 2.0)

51.6 (37.8, 70.5)

Selenium (µg)

Iodine (µg)

Sodium (mg)

124.1 (97.7, 157.5)

2.4 (1.9, 3.1)

3.0 (2.5, 3.8)

229.2 (183.6, 286.2)

140 (63, 254)

70 (13, 154)

70 (21, 140)

-13 (-36, 20)

1 (-26, 39)

<0.001

0.011

0.003

0.395

0.944

0.023

149 (67, 269)

69 (11, 157)

68 (17, 141)

-13 (-37, 19)

-1 (-28, 37)

52 (2, 127)

Adjusted percentage
difference (95% CI) 1 2

0.000

0.015

0.005

0.377

0.952

0.039

Adjusted p
value 2

Adjusted for prognostic variables: tertiary education (yes/no), primiparity (yes/no), infant sex, maternal pre-pregnancy body mass index, maternal age and New Zealand
Deprivation Index 2013 (an index of socioeconomic deprivation derived from participants baseline home address).

262.5 (209.8, 328.4)

Potassium (mg)

21.1 (17.0, 26.3)

57 (7, 131)

p value

2

20.9 (16.6, 26.3)

Magnesium (mg)

52.0 (40.9, 66.3)

Percentage difference 1
(95% CI)

Percentage difference is interpreted as the difference between the daily mean nutrient intake of the BLISS Intervention group, compared to the Usual Care group, expressed a
proportion of the mean intake of the Usual Care group. Percentage difference = (BLISS group mean - Usual Care group mean) / (Usual Care group mean).

33.1 (24.3, 45.3)

Calcium (mg)

(Geometric mean (95%CI)

BLISS (n=85)

1

(Geometric mean (95%CI)

Minerals

Usual care (n=77)

Table 4.12 Infants intake of minerals from complementary foods alone during the three-day WFR at seven months of age and the percentage
difference in the nutrient intake comparing the BLISS Intervention group to the Usual Care group
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20.3 (15.8, 26.0)

Folate (Dietary folate
equivalents) (µg)
26.8 (21.8, 33.0)

0.71 (0.55, 0.89)

32 (-4, 82)

10 (-21, 51)

37 (-14, 117)

0.084

0.573

0.180

0.074

32 (-5, 82)

10 (-21, 53)

40 (-12, 122)

-30 (-52, 2)

-1 (-31, 43)

-14 (0.62, 1.19)

26 (-8, 72)

20 (-10, 62)

27 (-7, 73)

-33 (-66, 1)

Adjusted percentage
difference (95%CI) 1 2

0.094

0.554

0.159

0.062

0.971

0.357

0.141

0.216

0.139

0.058

Adjusted
p value 2

Adjusted for prognostic variables: tertiary education (yes/no), primiparity (yes/no), infant sex, maternal pre-pregnancy body mass index, maternal age and New Zealand
Deprivation Index 2013 (an index of socioeconomic deprivation derived from participants baseline home address).

0.65 (0.52, 0.82)

Vitamin E (mg)

0.15 (0.11, 0.20)

-29 (-51, 3)

0.826

0.376

0.141

0.215

0.143

0.036

p value

2

0.11 (0.7, 0.16)

Vitamin D (µg)

10.4 (8.0, 13.6)

-4 (-33, 34)

-13 (-36, 19)

25 (-7, 70)

20 (-10, 59)

25 (-7, 70)

-35 (-56, -3)

Percentage difference
1
(95% CI)

Percentage difference is interpreted as the difference between the daily mean nutrient intake of the BLISS Intervention group, compared to the Usual Care group, expressed a
proportion of the mean intake of the Usual Care group. Percentage difference = (BLISS group mean - Usual Care group mean) / (Usual Care group mean).

14.7 (11.2, 19.2)

Vitamin C (mg)

0.16 (0.13, 0.20)

149.1 (119.2, 186.5)

2.0 (1.7, 2.4)

124.7 (105.2, 147.9)

103.1 (85.0, 125.2)

81.2 (62.6, 105.2)

(Geometric mean (95%CI)

BLISS (n=85)

1

0.17 (0.13, 0.23)

171.6 (137.6, 214.1)

Vitamin B12 (µg)

Vitamin B6 (mg)

1.6 (1.3, 2.1)

104.2 (82.4, 132.0)

Riboflavin (mg)

Niacin equivalents (mg)

82.3 (64.7, 104.6)

124.7 (91.2, 170.5)

(Geometric mean (95%CI)

Thiamine (mg)

(Retinol equivalents) (µg)

Vitamin A

Vitamins

Usual care (n=77)

Table 4.13 Infants intake of vitamins from complementary foods alone during a three-day WFR at seven months of age and the percentage
difference in the nutrient intake comparing the BLISS Intervention group to the Usual Care group

5 Discussion"
The introduction of complementary foods is an important step in the transition from a diet
consisting solely of milk (breast milk and/or infant formula), to a varied diet of family foods.
Breast milk or infant formula is sufficient to meet the nutritional needs of infants during the
first six months of life, however after six months complementary foods are needed in addition
to infant milk (New Zealand Ministry of Health, 2008). The Baby-Led approach to
complementary food introduction has increased in popularity in NZ since the publication of
Rapley and Murkett’s book in 2008 (Rapley & Murkett, 2008). However, little is known
regarding the food and nutrient intake of infants introduced to solid foods using this method,
despite the myriad of potential benefits proposed by its advocates. This thesis has investigated
whether families randomised to a modified Baby-Led approach to complementary feeding
were able to adhere to the approach, and how the method of complementary feeding impacted
on infant food group and nutrient intakes at seven months of age.

5.1

Adherence"

The BLISS study has collected the first objective and prospective adherence data for BabyLed infants since Gill Rapley’s Masters thesis, which included only seven participants
(Rapley, 2003). Observational studies have demonstrated that families that choose to follow
BLW are able to adhere to a number of components of the approach (Brown & Lee, 2011a;
Brown & Lee, 2011b, 2014; Cameron et al., 2013; Moore et al., 2012; Rowan & Harris, 2012;
Townsend & Pitchford, 2012). However, families that choose the approach tend to be better
educated, and less socio-economically disadvantaged, factors that are also associated with
infant feeding behaviours such as longer duration of exclusive breastfeeding, and introduction
of solids at six months of age (Al-Sahab et al., 2010; Jessri et al., 2013; Schiess et al., 2010).
It is important to determine whether families who were not self-motivated to choose the
approach are able to adhere to this different pattern of infant feeding. If benefits above and
beyond those of conventional complementary feeding methods are found to be associated
with a Baby-Led approach, it will be of little use as a public health alternative if the
population is unable to adhere to this different way of feeding. It was also important for this
thesis to determine adherence for infants in the BLISS study, in order to interpret differences
in food group and nutrients intakes between the study groups.
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Forty-eight (64%) of the 75 infants with complete seven-month WFR’s who had been
randomised to the BLISS Intervention group were classified as adherent to a Baby-Led
approach at seven months of age according to the infant self-feeding criteria developed by the
candidate. Overall, more than three-quarters of infants in the BLISS Intervention group fed
themselves at least 90% of their food (with some help from an adult). It is likely that a
number of participants in the BLISS Intervention group would have been classified as
adherent to a Baby-Led approach to infant feeding at seven months, even without the study
intervention, given that 11% of participants in the Usual Care group were classified as
adherent. However, it is unlikely that all of the participants who were classified as adherent in
the Intervention group would have chosen to use the approach, if they had not been part of the
BLISS study, given the large difference in the proportion of adherent participants in each
group (11% (Usual Care) and 64% (BLISS Intervention)). This suggests that adherence to the
Baby-Led approach in the Intervention group is due, at least in part, to the success of the
intervention, rather than arising as a result of participants’ pre-formed inclinations to follow
the approach. Interestingly, there was a difference in infant feeding between the study groups
even for participants who were classified as non-adherent to a Baby-Led approach according
to our relatively strict criteria. Infants classified as non-adherent to a Baby-Led approach in
the Usual Care group fed or helped to feed themselves around 40% of their food on average,
whereas the infants in the BLISS group who were classified as non-adherent contributed to
feeding themselves over three-quarters of their food. Suggesting that the non-adherent
participants in the BLISS group were using a Baby-Led approach to some extent, although
not enough to be classified as adherent. This finding also suggests that the difference in
behaviour between the groups arose as a consequence of the intervention, as even nonadherent participants in the BLISS group demonstrated a different pattern of infant feeding
behaviours than the Usual Care group.
Eight (11%) infants in the Usual Care group were also classified as adherent to a Baby-Led
approach. It is difficult to know whether this is to be expected, due to the popularity of the
BLW approach in NZ, or whether it may have arisen due to cross-contamination between the
study groups. An online survey of complementary feeding practices in NZ mothers (n=199)
found that 9% were “adherent” to the BLW approach, and a further 21% had tried the
approach (Cameron et al., 2013), suggesting that it is realistic to expect a proportion of BLW
adherent participants within the Usual Care group. Furthermore, Usual Care participants were
necessarily made aware of the Baby-Led approach to complementary feeding during
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recruitment to the study, and were not restricted from using BLW if they chose to do so. This
may have led to increased interest in the Baby-Led approach by families in the Usual Care
group, even though they did not receive the additional support and information that
Intervention families did. It was emphasised to participants during intervention visits that
resources should not be shared or discussed due to the nature of the trial. However, Dunedin,
is a relatively small city, with a population of 118,683 recorded in the 2013 census (Statistics
New Zealand, 2014a). Cross-contamination between the study groups is possible due to the
limited number of childcare centres and social groups for mothers of infants (such as
Playcentre and “SPACE” groups) available in the region. This also meant that other measures
commonly used to control for cross-contamination, such as cluster randomisation by area,
were impractical in this setting.
It could be hypothesised that the return of infants’ primary caregiver to work or study would
impact adherence to the approach advocated for the BLISS intervention group. However, of
the mothers in the BLISS intervention group whose work status at seven months was known
(n=60 (80%)), and who had returned to work or study prior to seven months postpartum
(n=35), more than half (n=20 (57%)) were classified as adherent to a Baby-led approach at
seven months. In the current study it could not be determined whether return to work or study
contributed to non-adherence to a Baby-Led approach. However, many mothers who had
returned to work or study continued to use the approach, supporting the feasibility of the
approach as a practical alternative to current complementary feeding practises.
Baby-Led Weaning is a holistic approach to infant feeding, which focuses on infant selfdetermination and improving outcomes for infants and their families and includes a number of
other guidelines in addition to infant self-feeding (please see section 2.2.2). In common with
the NZ Ministry of Health infant feeding guidelines, the modified Baby-Led approach
investigated by the BLISS study recommended exclusive breastfeeding, and delaying the
introduction of solids until six months of age.
Infants in the BLISS Intervention group had a significantly longer duration of exclusive
breastfeeding, and were introduced to solids foods later, than the Usual Care group. Over a
third of the BLISS group met the recommendation of the World Health Organisation (WHO)
to breastfeed exclusively until six months (26 weeks) (World Health Organization, 2015),
compared to only 11% of infants in the Usual Care group. Also, two-thirds met the
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recommendation to delay the introduction of solid foods until after six months, compared to
18% of Usual Care infants. The Royal New Zealand Plunket Society (the largest provider of
Well Child services in NZ) reported that 17% of infants were exclusively breastfed for
‘around’ six months (between 16-34 weeks) in 2013 (Royal New Zealand Plunket Society
[Plunket], 2015). However, in the birth cohort study “Growing Up in New Zealand” only six
percent of infants were breastfed exclusively for at least six months (Morton et al., 2012). It
seems that the BLISS study has achieved what many interventions have attempted, to improve
the duration of exclusive breastfeeding and delay the introduction of solid foods until six
months, in accordance with recommendations by the WHO and NZ Ministry of Health (New
Zealand Ministry of Health, 2008; World Health Organization, 2015). Observational studies
have also found that BLW infants had a longer duration of exclusive breastfeeding compared
to conventionally weaned infants (Brown & Lee, 2011a; Cameron et al., 2013). However, it is
difficult to determine which aspects of the approach contributed to the apparent improvement
in exclusive breastfeeding duration found in the BLISS study. Mothers in the BLISS
Intervention group received three breastfeeding support contacts from a qualified Lactation
Consultant: at one week, three and a half months, and five and a half months postpartum.
Evidence suggests that professional breastfeeding support is associated with increased
duration of exclusive breastfeeding, particularly during the early months of breastfeeding
(Britton, McCormick, Renfrew, Wade, & King, 2007). However, support to delay the
introduction of complementary foods was also provided during the Lactation Consultant
contacts. In addition, at four months postpartum families in the Intervention group were sent
information about the importance of delaying solids until six months (Appendix K). Study
staff visited families in the Intervention group at five and a half months to give advice
regarding introducing solid foods using BLISS methods. These visits also incorporated advice
to delay introduction until infants are developmentally ready to self-feed at around six
months. No evidence regarding the age when NZ infants are introduced to solid foods has
been published since the Ministry of Health guidelines changed in 2002 to recommend
delaying introduction until six months in accordance with the WHO guidelines (Thornley,
Waa, & Ball, 2007). However, evidence from other developed countries shows that many
infants are still being introduced to solids early despite the updated recommendations
(Clayton, Li, Perrine, & Scanlon, 2013; Newby & Davies, 2015; Schiess et al., 2010; Scott,
Binns, Graham, & Oddy, 2009; The British Dietetic Association, 2013). A recent UK study
investigated the reasons why mothers choose to introduce solid foods. It found that the
majority of mothers introduced solids early in response to inappropriate developmental cues,
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such as unsettled behaviour, infant lack of sleep or perceived hunger (Brown & Rowan,
2015). The introduction of solid foods and the cessation of exclusive breastfeeding are closely
related. It is possible that the increased support to delay complementary food introduction that
families in the BLISS group received counteracted these factors and contributed to the greater
duration of exclusive breastfeeding.
As previously discussed (please see sections 2.2.2 and 2.2.3) there are a number of other
differences between the Baby-Led approach advocated by BLISS, and the NZ Ministry of
Health’s recommendations, in particular: offering a wide variety of foods from the beginning
of complementary feeding, and offering ‘whole’ pieces of food.
Interestingly, infants in the BLISS group consumed a significantly higher number of foods
and recipes during the WFR. This count was not a true measure of variety, as repeated foods
were still counted as separate items (e.g., consuming lasagne at three different times was three
food counts) and investigation of food variety was beyond the scope of this thesis. However,
it demonstrated that Baby-Led infants were offered and consumed a greater number of
separate foods, which may correspond to a wider variety of foods.
In order to facilitate infant self-feeding of complementary foods, foods must be offered in a
form that infants are developmentally able to self-feed. The original BLW approach advocates
offering foods in ‘whole’ pieces (chip-shaped and baby-fist size) as much as possible, so that
foods are easily graspable for infants. However, concerns have been raised that food choices
would be limited by this requirement leading to a nutritionally inadequate complementary
food intake. The BLISS approach incorporated a number of recipes and recommendations for
including foods that were limited or excluded by the original BLW approach because they
would usually be spoon-fed (such as hummus, mince and powdered infant cereal), and placed
less emphasis on restricting the textures of foods offered to infants (i.e. by avoiding purées).
Nonetheless, a significantly greater proportion of foods, over 75%, consumed by infants in the
BLISS Intervention group had an ‘Unaltered texture’ (‘Whole’ pieces of food and ‘Naturally
smooth’ foods such as porridge or hummus), compared to the Usual Care group (41%).
The BLISS study has demonstrated that, with support, families randomised to a modified
Baby-Led approach to complementary feeding can adhere to the main components of the
approach including: exclusive breastfeeding and delaying introduction of complementary
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foods until six months of age, offering a variety of foods from the beginning of
complementary feeding, offering food as pieces infants can easily manipulate for self-feeding,
and most importantly, infant-self feeding of complementary foods. However, the BLISS study
population included a high proportion of mothers who had post-secondary school education,
and this may limit the generalisability of these findings.
In order to investigate the ability of BLISS participants to adhere to a Baby-Led approach to
complementary feeding, the candidate developed a measure to quantify adherence using
infant feeding data collected by three-day WFR. The three-day WFR provides the most
objective data describing infant feeding practises for infants following a Baby-Led approach
to date. However, the participant burden of this method was high, and it was only able to
capture infant feeding behaviours over a limited period of time. The second six months of life,
when complementary foods are introduced, is a period of rapid dietary and behavioural
change for infants (please see section 2.4.1). As such, repeated, and frequent collection of
infant feeding data would provide a more detailed picture of feeding behaviours and their
changes during this time, but it would not be feasible to collect multiple WFR’s. The BLISS
Feeding Questionnaires represent the most realistic method for measuring adherence to the
Baby-Led approach to infant feeding for future research, as they have a low participant
burden while demonstrating good agreement with adherence as measured by the WFR, and
could also be used throughout complementary feeding to detect changes in infant feeding
behaviours during this period of transition.

5.2

Food"group"and"nutrient"intakes"

Despite the mantra ‘food before one is just for fun’ that has become pervasive in BLW social
media (2 Moms 2 Dogs 2 Babies (Blog), 2012; Alternative Mama (Blog), 2011; Blissfully
Informed Hippie Chick (Blog), 2015; Caffeinated Chaos (Blog), 2015; The Good Letdown
(Blog), 2011) there is increasing evidence regarding the importance of early complementary
feeding practices. Exposure to foods during the second six months of life may also affect the
development of taste preferences and food acceptance later in life (Nicklaus, 2011; Schwartz,
Scholtens, Lalanne, Weenen, & Nicklaus, 2011), and research shows that dietary patterns
track, to some extent, from early in the complementary feeding period into childhood and
beyond (Nicklaus, 2011; Nicklaus & Remy, 2013; Schwartz et al., 2011). Food intake impacts
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on nutrient intakes and although food groups and nutrient intakes were investigated separately
in the Results Chapter of this thesis, they have been integrated in this discussion due to their
inter-relationship.

5.2.1

Energy"intake"and"complementary"feeding"

A proposed benefit of the BLW approach is that infants are in control of their own feeding
and able to regulate their intake in response to their appetite (Rapley & Murkett, 2008, 2013).
As such, it could be expected that infants in the BLISS Intervention group might have a lower
energy intake than infants in the Usual Care group. However, there was no significant
difference in mean total energy intake from complementary foods and infant milk feeds
between the BLISS and Usual Care groups. It is difficult to compare this finding with the
literature, because there is no evidence regarding the energy intake of infants introduced to
food using a Baby-Led approach. However, it is possible that the modifications made to the
BLISS approach may partially explain this somewhat unexpected finding, as families in the
Intervention group were recommended to offer a high-energy food with each meal in order to
minimise the risk of growth faltering. It is also possible that a difference may become
apparent later in complementary feeding, as the contribution of complementary foods to total
energy intake in BLISS study infants was low, less than a fifth of total energy intake.
Infants in the BLISS group consumed more energy from “family” foods and less from
commercial infant foods. Interestingly, a paper by Briefel et al (2004) from the 2002 FITS
found that infants aged nine to 11 months with the highest quartile of energy from “table
foods”, as opposed to commercial infant foods, had significantly higher energy intakes
compared to infants in the lowest quartile of energy from “table” foods (Briefel, Reidy,
Karwe, Jankowski, & Hendricks, 2004). Families in the BLISS Intervention group were
encouraged to offer family or “table foods” from the beginning of complementary feeding.
Briefel et al’s findings suggest that we might have expected to find a difference in energy
intakes between the BLISS study groups; albeit in the opposite direction than proposed by the
BLW literature. However, both BLISS study groups consumed considerably less commercial
infant food than the FITS participants (mean percentage of total energy from commercial
foods: FITS infants 7-8 months of age=29%, Usual Care group=4.8%, BLISS Intervention
group=2.2%). The contribution of “table” or “family” foods to total energy intake in BLISS
study infant was also lower, (mean percentage of total energy from “table”/”family” foods:
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FITS infants 9-11 months of age=25%, Usual Care group=12.2%, BLISS Intervention
group=17.7%). However, this thesis collected dietary data at seven months of age, so infants
were younger and at an earlier stage in the complementary feeding transition period, than the
nine to 11 month olds in the FITS paper.
Conversely, a concern with the BLW approach has been that infants will not be able to eat
enough food, by feeding themselves, to meet their energy and nutrient needs (Cameron et al.,
2012). The only current evidence, an observational study, found an increased incidence of
underweight in BLW infants (Townsend & Pitchford, 2012). On average, infants in the
BLISS Intervention group fed themselves 80% of the foods consumed during the three-day
WFR and only eight percent of foods were fed by the parent only, with no input from the
infant. These findings suggest that infants in the Intervention group were able to consume
comparable energy to the Usual Care group when feeding themselves most of their food.
Anthropometric data (which are not part of this thesis) would be required to discern whether
this energy intake was sufficient to meet the infants’ energy needs for growth and
development (BMJ Best Practice, 2014).
Compared to a study of the complementary food intake of seven-month-old Canadian infants
conducted in 2003, the macronutrient intakes from complementary foods were low in the
BLISS study groups, particularly for energy and carbohydrates (Friel et al., 2010). However
the Canadian study was conducted prior to the change in the infant feeding guidelines that
now encourage exclusive breastfeeding until six months, rather than four months, thereby
delaying the introduction of solid foods (World Health Organization, 2015). Total
macronutrient intakes were also low in comparison to other studies that have examined intake
in infants of a similar age (please see Table 2.4). However, most studies have grouped sevenmonth-old infants as part of a wider age range (e.g., seven to nine month olds) or reported
intakes of slightly older infants (e.g., eight or nine months old). Also, many of the large
studies reviewed in this thesis that reported the food and nutrient intakes of infants around
seven months of age (please see section 2.6 and 2.7), were conducted before the change in
recommendations (Conn et al., 2009; Devaney et al., 2004b; Friel et al., 2010; Noble &
Emmett, 2001). Infants introduced to complementary foods earlier (e.g., four months of age)
are likely to have higher intakes at around seven months of age, than infants introduced to
solids at six months of age because they are further along in the process learning to eat
complementary foods (Cohen, Brown, Dewey, Canahuati, & Landa Rivera, 1994).
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The median age of complementary food introduction was six months in the BLISS
Intervention group, and over five months in the Usual Care group, considerably later than
would have been expected when the recommendation was to introduce solids at four months
of age. It is likely that being introduced to solid foods later contributed to the lower intake of
energy and macronutrients by infants in the BLISS study in comparison to other studies.

5.2.2

Higher"‘Bread,"pasta,"rice,"low'sugar"cereals’"intake""

Infants in the BLISS Intervention group consumed a significantly greater proportion of their
energy intake from the ‘Bread, pasta, rice and low-sugar cereals’ food group, compared to
infants in the Usual Care group. However, there was no difference in mean carbohydrate or
fibre intake (g/day) from complementary foods and infant milk, or from foods alone, between
the groups. This is probably due to the higher intake of ‘Fruit’ and ‘Vegetables’ by the Usual
Care group.
Interestingly, selenium intake was significantly higher in infants in the BLISS Intervention
group (although the magnitude of the difference was small, 11%). This could be a result of the
greater consumption of breads and cereals by infants in the BLISS group. New Zealand soil is
naturally low in selenium, which affects the selenium content of NZ grown grains, such as
wheat. Wheat products imported from Australia are much higher in selenium. Although bread
produced in the South Island of NZ is typically made predominantly with domestically grown
wheat, bread in the North Island, contains more imported wheat with a higher selenium
content (Vannoort & Thomson, 2011). The breads used for the BLISS WFR’s were a
composite that included bread produced in the South and North Islands. This substitution
would have a greater effect on the estimated intake of infants in the BLISS group, due to them
eating a greater amount of breads and cereals. Given the small difference in selenium intake,
and that the mean intakes in both groups were higher than the AI, the difference in selenium
intakes seems unlikely to have health implications.

5.2.3

Lower"‘Fruit’"and"‘Vegetable’"intakes"

Most infants in the BLISS study were exposed to ‘Fruit’ (94%) and ‘Vegetables’ (97%)
during the WFR, and a similar proportion of infants in each group consumed ‘Fruit’ and
‘Vegetables’ during the three days. However, their overall contribution to the energy intake of
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infants in the BLISS Intervention group was significantly lower, raising the concern that this
could lead to lower intakes later in childhood.
Currently, many NZ children do not meet the recommendation to eat five or more servings of
fruit and vegetables a day (two servings of fruit and three of vegetables). The 2002 NZ
Children’s Nutrition Survey found that only 43% of children aged five to 14-years of age ate
fruit at least twice a day, and 57% ate vegetables three or more times per day (New Zealand
Ministry of Health, 2003). The 2008/2009 National Survey of Children and Young People’s
Physical Activity and Dietary Behaviours in NZ reported that 75% of five to nine year olds
met the fruit recommendation, but less met the vegetable recommendations 37% of five to
nine year old children (Clinical Trials Research Unit Synovate, 2010). Given that many NZ
children are consuming inadequate amounts of fruit and vegetables, it would be of concern if
the BLISS Baby-Led approach to complementary feeding increased children’s risk of
inadequate intakes.
A number of studies have reported that fruit and vegetable intakes track to some extent from
infancy into toddlerhood and beyond. The Melbourne Infant Feeding Activity and Nutrition
Trial (InFANT) found that consuming larger amounts of fruit and vegetables at nine months
of age significantly increased the odds of being a higher consumer at 18 months of age in 177
Australian children (Lioret et al., 2013). A Norwegian cohort study of 9027 children found
that the level of fruit and vegetable intake (high or low) at 18 months of age was moderately
correlated (Spearman’s rho=0.23-0.36) with intake at 36 months, and seven years of age
(Bjelland et al., 2013). A follow-up analysis of US infants in the IFPS II and the Year 6
Follow-Up study (Y6FU) (n=1078) found that low frequency of intake of fruit and vegetables
in infancy (10.5 months of age) significantly increased the odds of low consumption at six
years of age (Grimm, Kim, Yaroch, & Scanlon, 2014).
However, most studies have not differentiated between fruit and vegetable intakes from
commercial infant foods and those from home-prepared foods, which is problematic given
that they may show different degrees of tracking. For instance, the ALSPAC found that the
association between intake at around six months and seven years of age differed depending on
the source of the fruit and vegetables (Coulthard, Harris, & Emmett, 2010). Fruit and
vegetable intake from commercial infant foods was not associated with fruit and vegetable
consumption at seven years of age, whereas children who ate raw and home-cooked fruit and
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vegetables more often in infancy had higher intakes of fruit and vegetables at seven years of
age (Coulthard et al., 2010). Similarly, no relationship was observed between commercial
infant foods and later fruit and vegetable intake in girls from the DOrtmund Nutritional and
Anthropometric Longitudinally Designed (DONALD) study (Foterek, Hilbig, & Alexy,
2015a). However, in boys an inverse association was observed (Foterek et al., 2015a).
While evidence in this area is sparse, it suggests that the form of foods consumed during
infancy may have an independent effect on consumption later in life. Overall, significantly
fewer participants in the BLISS group consumed ‘Ready to eat commercial infant foods’, and
they contributed significantly less to the energy intake of the Intervention group overall.
Because commercial infant foods are often fruit or vegetable based there was a significantly
higher contribution of ‘Fruit’ and ‘Vegetables’ to overall energy intake for Usual Care
compared with BLISS infants. However, as illustrated, this difference arose predominantly
from differences in infant foods rather than in home-prepared foods. There was no difference
between the groups in the energy contribution of home-prepared fruit and vegetables, which
have been shown to track into childhood. Indeed, a significantly higher proportion of infants
in the BLISS group ate home-cooked vegetables during the WFR. Longitudinal follow up will
be required to investigate whether this may convey an advantage as they age. These findings
suggest that infants in the BLISS Intervention group are unlikely to be at increased risk of low
consumption of fruit and vegetables during childhood as a result of their intake during
infancy.
There was a statistically significant difference between the groups’ vitamin A intakes, from
foods and milk feeds, however the difference was relatively small (a 12% lower mean intake
of infants in the BLISS Intervention group). The difference was more apparent when nutrient
intakes from complementary foods only were compared, suggesting that it arose largely as a
result of differences in food intakes between the groups. It is likely that the higher intake of
vegetables by infants in the Usual Care group contributed to this difference, as previous
evidence has shown that the vegetable food group contributes the greatest proportion of
vitamin A intake for NZ children (New Zealand Ministry of Health, 2003).
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5.2.4

Higher"intake"of"high"protein"foods"

There was no significant group difference in the intake of protein from complementary foods
and infant milk, either in grams or as a percentage of total energy intake. However, when
infant milks (breast milk and infant formula) were excluded, the intake of protein from
complementary foods alone was significantly higher for infants in the BLISS group for both
grams and proportion of energy intake. In the 2002 FITS study, infants consuming a greater
proportion of their energy intake from “table foods” had significantly higher protein intakes
than infants consuming less “table foods” at 9-11 months, 12-14 months and 15-18 months,
although there was no difference between the groups for infants aged 19-24 months old
(Briefel et al., 2004). Overall, protein contributed less than 10% of total energy intake for
infants in both groups of the BLISS study. Only three participants had a percentage of energy
from protein of more than 15%, two infants in the Usual Care group and one infant in the
BLISS Intervention group. However, intake of protein from complementary foods was
significantly higher for infants in the Intervention group, approximately 15% of energy from
complementary foods.
There is conflicting evidence regarding optimal protein intake during the early years of life
(Pearce & Langley-Evans, 2013). A number of factors have contributed to the contention
about this issue; however, a major concern is the relationship between protein intake, growth
and adiposity. A number of observational studies have found a significant association
between higher protein intakes between 12-24 months of age and higher BMI during
childhood (Michaelsen, 2000; Pearce & Langley-Evans, 2013). A 2005 review suggested that
the maximum acceptable level for 12-24 month old infants should be set at 14% of total
energy intake, to reduce the risk of development of overweight (Agostoni et al., 2005). This
does raise the concern that infants in the BLISS Intervention group could be at risk of
excessive protein intakes later on, as the proportion of energy intake supplied by foods
increases, and that supplied by infant milk decreases. However, currently there is insufficient
evidence to determine whether protein intake from six to 12 months is associated with
increased risk of overweight in childhood (Pearce & Langley-Evans, 2013).
Most studies that have examined the relationship between protein intake and body weight in
infants and children have not differentiated intake based on the source of protein, to
investigate whether the effect differs. The contribution of ‘Meat’ to energy intake was similar
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between the BLISS study groups. However intake of other protein sources: ‘Eggs, beans, tofu,
nuts’ and ‘Cow’s milk and dairy products’, was higher for the Intervention group and was
likely the source of their higher intake of protein from complementary foods. Günther,
Buyken and Kroke (2007) found that a high intake of animal and dairy protein, rather than
vegetable, meat or cereal protein, at 12 months was associated with a higher body fat
percentage and BMI z-score at seven years of age for infants in the DONALD study (Gunther,
Remer, Kroke, & Buyken, 2007). Others have also reported that a higher intake of cow’s milk
and protein at 12 months, but not nine months, was associated with increased BMI later in
childhood (Thorisdottir et al., 2013). However, this evidence directly contradicts the findings
of other studies, which have reported that higher intake of dairy products and calcium during
infancy are associated with lower body fat or BMI in childhood (Skinner, Bounds, Carruth, &
Ziegler, 2003; Spence, Cifelli, & Miller, 2011; Weaver & Boushey, 2003). Higher intake of
dairy products and/or calcium during the early years of life have also been associated with
improved bone development at six years of age (van den Hooven et al., 2015), and lower
systolic and diastolic blood pressure at eight years of age (Rangan et al., 2012).
‘Cow’s milk and dairy products’ contributed a higher proportion of energy for the BLISS
Intervention group (in keeping with a significantly higher intake of calcium from foods)
compared to the Usual Care group. As with other dietary factors, there is evidence that intake
of dairy products and calcium track over time (Boulton, Magarey, & Cockington, 1995; Lioret
et al., 2013; Skinner et al., 2003). The higher intake of dairy products and calcium by infants
in the BLISS Intervention group may have implications for improved bone health, blood
pressure and adiposity in childhood, as long as it does not lead to inappropriately high protein
intakes.

5.2.5

Energy'dense"non'core"foods"and"higher"sodium"intake"

A number of studies in slightly older infants have demonstrated that consumption of non-core
foods tracks from infancy into childhood, when it is associated with less healthy eating
patterns (Durao et al., 2014; Vilela et al., 2014). This is of concern given that the consumption
of a number of energy-dense non-core food groups including: ‘Sweet foods’, ‘Butter,
margarine and oil’ and ‘Fries, roast potatoes and roast kumara’, were higher for infants in the
BLISS Intervention group. Our findings highlight a potential disadvantage of the Baby-Led
approach that has been suggested by critics, concerned that intake of high-fat and high-sugar
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foods could be increased because they are often easy to offer as finger foods. Also, the
nutritional composition of commercial infant foods is tightly controlled, whereas infants fed
using a Baby-Led approach are consuming a greater proportion of family foods, which may
be higher in fat, salt and sugar. There is no other evidence of the food consumption of BLW
infants to compare these findings to. However, our findings support earlier data from the 2002
FITS, which demonstrated that infants consuming more family foods were also more likely to
consume high-energy foods like chips, salty snacks, fast food, and confectionary (Briefel et
al., 2004).
Consumption of the ‘Sweet foods’ group was higher in the BLISS group, more infants
consumed them, and they provided significantly more energy overall. However, although this
seems counter-intuitive, the mean sugar intake was not significantly different between the two
groups. This may be explained by the fact that a number of the recipes (e.g., power pikelets
and biscotti (Appendix B)) provided to the families of infants in the BLISS group were
assigned to the ‘Sweet foods’ group. These recipes were designed to be low in sugar (hence
the lack of difference in sugar intake) but of course were counted as ‘Sweet foods’ in our food
group analysis.
The BLISS Intervention group had a significantly higher fat intake than infants in the Usual
Care group. However, the difference was small, only two-grams (6%), for foods and milk
feeds combined, and was no longer significant after adjustment for baseline factors likely to
affect infant nutrient intake. Consumption of ‘Butter, margarine and oil’, as well as ‘Fries,
roast potatoes and roast kumara’ were significantly higher in the BLISS group, which likely
contributed to the higher overall fat intake of the BLISS Intervention group. Fat contributed a
relatively high proportion of energy for both groups (44-45%), compared to what would be
expected for older children (New Zealand Ministry of Health, 2012a). However, this is typical
in this age group as they are in the transition period from the first six months of life, when
around 50% of energy is supplied by fat from breast milk or infant formula, to becoming
toddlers, when less than 40% of energy will be supplied by fat, as they change to a diet
including more family foods. High fat intakes are needed in the first years of life to provide a
sufficiently energy dense diet to meet infants’ energy needs for growth and development
(Agostoni & Caroli, 2012; Foterek, Hilbig, Kersting, & Alexy, 2015b; New Zealand Ministry
of Health, 2008). Furthermore, current evidence shows that fat intake during the first two
years of life is not associated with increased adiposity in childhood, or increased risk of
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overweight (Agostoni & Caroli, 2012; Thorisdottir et al., 2013), suggesting that the slightly
higher fat intake of the BLISS group may not be a source for concern.
The 2002 FITS study found no difference in the proportion of energy from fat between infants
consuming a higher proportion of their energy intake from “table foods”, and infants
consuming a low proportion of energy from “table foods”, although actual fat intake (g/day)
was significantly higher. Interestingly, infants with high intakes of “table foods” had a
significantly lower proportion of total energy from saturated fat at 12-14 months, 15-18
months and 19-24 months of age (Briefel et al., 2004). The Melbourne InFANT study found
that saturated fat intake tracked to a greater extent from 9 to 18 months than total fat intake
(Lioret et al., 2013). Saturated fat intake from complementary foods was significantly higher
for infants in the BLISS group, although the actual difference in intake between the groups
was very small (0.7g/day) and was likely a result of their higher intake of ‘Meat’ from family
foods and ‘Cow’s milk and dairy products’. It is likely that the groups’ intakes will become
more similar as the infants age and family foods become a larger part of the Usual Care
infants’ diets, although longitudinal follow-up will be required to determine whether this is
the case.
The intake of sodium from complementary foods and infant milk feeds was almost 40%
higher for infants in the BLISS Intervention group (297mg/day, range: 117-1139mg/day),
compared to the Usual Care group (215mg/day, range: 114-631mg/day). Although still higher
than recommended, overall, sodium intake in the BLISS study was relatively low in
comparison to other data. The 2009 New Zealand Total Diet Survey estimated the dietary
intake of six to 12 month old infants was 805mg/day of sodium (Vannoort & Thomson,
2011). Other estimates of sodium intake of infants around seven months of age from large
studies in developed countries have also found higher intakes than the BLISS study, ranging
from 422mg-554mg/day (please see Table 2.6). However, these studies included infants older
than seven months, which would have resulted in higher mean intakes as sodium intake
increases steadily between the introduction of complementary foods and toddlerhood (Briefel
et al., 2004; Lioret et al., 2013; Maalouf et al., 2015; Vannoort & Thomson, 2011).
Interestingly, the BLISS Intervention groups’ mean intake of sodium from complementary
foods only (124mg/day) was similar to the sodium intake of Canadian seven-month-old
infants intakes in a study of nutrient intakes from complementary foods (153mg/day) (Friel et
al., 2010), although the Usual Care group’s mean intake was much lower (53mg/day).
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The increased sodium intake of the Intervention group is concerning for a number of reasons.
It has been suggested that blood pressure is particularly sensitive to sodium intake in infancy,
and that the effect of intake during this time may persist into adolescence and beyond
(Geleijnse et al., 1997; Hofman, Hazebroek, & Valkenburg, 1983). There is also evidence that
early sodium exposure increases children’s preference for salty foods as they age (Mennella,
2014; Stein, Cowart, & Beauchamp, 2012).
However, there are considerable methodological difficulties involved in assessing sodium
intake, particularly in infants. In fact, a 2008 review of studies measuring sodium intake in
infancy included only five studies (Sutton, Emmett, & Lawlor, 2008). While 24-hour urinary
sodium excretion is the “gold-standard” (McLean, 2014), this method presents practical
challenges in infants and would convey a very high participant burden for caregivers.
Although spot urine samples are used in combination with validated formulae to estimate 24hour sodium excretion from a single urine sample in adults, they have not been validated for
use in infants (Sutton et al., 2008). Furthermore, the use of dietary assessment to estimate
sodium intake is often questioned, due to several potential sources of error. In particular: the
difficulty of measuring discretionary salt use, the potential for participants to alter their eating
behaviours in response to the dietary assessment, and under-reporting.
The difficulty in quantifying discretionary salt use (salt added to food during cooking, or at
the table) is the main limitation of dietary assessment methods to estimate sodium intake.
Little is known about how much discretionary salt contributes to the sodium intake of infants
and young children (Sutton et al., 2008). The 2002 New Zealand Children’s Nutrition Survey
found that around a third of 5-14 year old children reported that salt was added to their meals
during cooking, and almost half of children “usually” or “sometimes” added salt to their
meals at the table (New Zealand Ministry of Health, 2003). However, there is no evidence
regarding the discretionary salt intake of younger children or infants in NZ. The Australian
Food Standards Authority estimated around a third of children two to three years of age
consume discretionary salt, and that it contributed around 8% of total salt intake for this age
group (Boorman, Cunningham, & Mackerras, 2008). In the UK DNSIYC 89% of parents of
7-9 month old infants reported that they “never add salt to their child's solid food, including
adding salt when they are cooking the food”, 8% “sometimes” did and 3% “often” did
(Lennox et al., 2013). This evidence suggests that discretionary salt use is less likely to affect
measurement of infant sodium intakes by dietary assessment, in comparison to older children
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or adults. However, it is also possible that discretionary salt intake was higher for infants in
the BLISS Intervention group, as a consequence of their greater consumption of family foods
(Briefel et al., 2004). As such, if sodium intake was underestimated by our use of a WFR, it is
likely that infants in the BLISS group would be more affected, suggesting that the gap
between the groups would be larger than found, rather than smaller.
Dietary assessment may cause participants to change their behaviour as a result of ‘social
desirability bias’ (the desire to be seen as ‘healthy’), or to simplify the recording of their diet
(Gibson, 2005). Energy under-reporting is also common, particularly for overweight or obese
participants, which has particular implications for the estimation of sodium intake, which is
highly correlated with energy intake in infants and adults (Campbell et al., 2014; McLean,
2014). Although infants are exempt from the impact of these factors, parental reporting of
infant intakes may still be affected (Gibson, 2005; Livingstone et al., 2004).
There is no Upper Limit (UL) for sodium intake for infants less than 12 months of age in NZ.
The UL for children aged one to three years is 1000mg/day, which is extrapolated from the
adult UL of 2300mg/day, based on the ratio of energy intakes (National Health and Medical
Research Council & New Zealand Ministry of Health, 2006). Extrapolation of the UL for one
to three year olds using estimated energy requirements (3200kJ for one-year-old girls, 2500kJ
for seven-month-old girls) to provide a rough estimate for intakes of concern generates
781mg as an estimated UL for seven-month-old infants. Two infants in the BLISS
Intervention group had mean intakes that exceeded 781mg/day. However, in the UK it is
recommended that sodium intake should not exceed 400mg for 6-12 month old infants
(Scientific Advisory Committee on Nutrition, 2003). Twenty-one (27%) infants in the
Intervention group and eight (10.4%) in the Usual Care group had intakes above this cut-off.
Food Standards Australia and New Zealand food standards code “Standard 2.9.2 – Foods for
infants” (current 30 October 2014) states that “ready-to-eat foods for infants” must not
contain more than 100mg/100g of sodium (Food Standards Australia New Zealand, 2014b).
The candidate calculated the average complementary food sodium concentration for each
infant ((mean daily mg of sodium/mean daily weight of complementary foods)*100). Fifty-six
(66%) infants in the Intervention group had a mean complementary food sodium
concentration higher than 100mg/100g, compared to 14 (18%) Usual Care infants.
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Inspection of the diet records of the highest sodium consumers suggested that high intakes of
bread and cheese were major contributing factors. Incorporation of family foods into infants’
diets is associated with increased sodium intake (Briefel et al., 2004; Campbell et al., 2014;
Smithers et al., 2012b). This is likely due to the higher and less regulated sodium content of
staple family foods, such as bread and cheese, in comparison to the stringent regulations that
restrict the sodium content of commercial infant foods (Food Standards Australia New
Zealand, 2014b). The Melbourne InFANT study also found that bread and cheese were the
largest contributors of sodium intake from complementary foods for nine-month-old infants
(Campbell et al., 2014). The modified Baby-Led approach to complementary feeding utilised
in the BLISS study emphasised the inclusion of high-energy foods, including cheese, and
provided a number of examples of high-energy or high-iron foods that could be incorporated
into Baby-Led infants diets by offering them spread on toast fingers (Everyday Foods
Resource (Appendix B)). Emphasis was placed on including high-energy and high-iron foods
to minimise the risk of growth faltering or iron deficiency for infants in the Intervention
group. However, it is possible that this guidance contributed to the greater intake of sodium of
infants in the BLISS Intervention group. Future use of the BLISS approach could thus include
more guidance regarding age-appropriate recommendations for maximum intake of highsodium family foods, such as bread and cheese. These findings suggest that the earlier
introduction of family foods for infants in the BLISS Intervention group meant that this rise in
sodium intake occurred earlier, than for infants in the Usual Care group. It remains to be seen
if the difference will still be apparent as infants in the Usual Care group transition to including
a greater proportion of family foods in their diets. This will require investigation through
longitudinal follow-up at 12 and 24 months during the BLISS study. However, whether the
earlier exposer to higher sodium intakes for infants in the BLISS Intervention group will have
negative effects, even if intakes equilibrate as the groups age, is unknown.
Despite the higher consumption of “family foods” by infants in the BLISS Intervention group,
there was no indication that they were at risk of increased consumption of high-fat salty
snacks or high-sugar snacks. The higher intake of sodium by infants in the BLISS group
seemed to have largely originated from increased consumption of relatively high-sodium
family foods, including bread and cheese, rather than increased consumption of high-salt
snack-foods or fast-foods. Overall, in the BLISS study population a modified Baby-Led
approach did not increase the intake of energy-dense non-core foods. However, this result
should be interpreted with caution. There is evidence that demographic factors including;
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maternal age, maternal education, and socio-economic deprivation are linked to increased
consumption of these foods in infants and young children (Bell, Golley, Daniels, & Magarey,
2013; Northstone & Emmett, 2013; Smithers et al., 2012a). The BLISS sample contained a
high proportion of women who had completed University qualifications and a relatively low
proportion of mothers with high socio-economic deprivation (according to the NZDep2013
(Atkinson et al., 2014)). It is possible that the approach would yield different results if used in
families with different demographic characteristics (New Zealand Ministry of Health, 2003).

5.2.6

Low"iodine"intakes"in"both"groups""

Concerns have been raised regarding the iodine status of infants and young children in NZ
since the 1990s (Australian Population Health Development Principal Committee, 2007).
Government initiatives have been introduced in order to combat iodine deficiency in the NZ
population. In 2009 fortification of all bread (except organic breads) with iodised salt became
mandatory (Food Standards Australia New Zealand, 2014a) and in 2010 subsidised iodine
supplements were made available for all pregnant and breastfeeding (Pharmaceutical
Management Agency, 2010).
The mean iodine intake in both BLISS study groups was substantially lower (i.e. 60% lower)
than the AI (110µg/day) for seven to 12 month old infants. Infants for whom breast milk was
the only source of infant milk during the WFR (n=83) had the lowest mean intake of iodine
(geometric mean: 25µg/day (95%CI: 25, 26) (range: 22-41 µg/day)). Formula-fed infants
(n=39) had the highest mean iodine intake (geometric mean: 118µg/day (95%CI: 108, 128)
(range: 67–218µg/day)). Mean iodine intake for infants who were mixed-fed (both breast milk
and formula) during the WFR (n=40) was intermediate between the other two groups
(geometric mean: 48µg/day (95%CI: 42, 55) (range: 23-99 µg/day)). Overall only 23 infants
in the formula only group had a mean iodine intake above the AI for seven to 12 month
infants, 12 in the Usual Care group and 11 in the BLISS Intervention group.
Unfortunately AI’s limit the ability to identify inadequate levels of nutrient intake because if
the mean intake of a group is below the AI the adequacy of the groups intakes cannot be
determined (Institute of Medicine, 2000). In addition, the AI for iodine is extrapolated from
the AI for younger infants, which is calculated using the average intake of breast milk and the
average breast milk concentration of the iodine (from countries with established sufficiency),
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rather than based on the observed mean intake of a group of individuals with low prevalence
of inadequate intakes, as is the case for other nutrients (National Health and Medical Research
Council & New Zealand Ministry of Health, 2006). However, the very low mean iodine
intake of both groups in combination with the extensive evidence regarding the prevalence of
iodine insufficiency in the NZ population suggested the need for further investigation
(Australian Population Health Development Principal Committee, 2007).
A similar proportion, approximately half, of infants in each group received breast milk as
their only source of infant milk during the WFR. There was also no difference in the
proportion who were fed a combination of infant formula and breast milk, or who consumed
only infant formula, which was approximately a quarter in each group. This finding is of
interest considering that the BLISS Intervention group had a significantly longer duration of
exclusive breastfeeding, and were more likely to be exclusively breastfed until six months of
age. Interestingly, the mean intake of infant formula for infants who consumed only infant
formula during the three-day WFR was 738g/day, very close to the estimated breast milk
quantity that was used in this thesis of 750g/day.
The New Zealand Plant and Food Research FOODfiles database was the source of data on the
nutrient content of mature human breast milk used for analysis of the BLISS study WFR’s
(Appendix I). The iodine concentration of mature human breast milk in FOODfiles,
(3µg/100g), was derived from NZ analytical data, although no further details were available
as to the source of this data or when it was collected. A small study of breast milk iodine
concentration in 39 NZ women in 1998/1999 found that the mean iodine concentration was
22µg/L (2µg/100g) (Skeaff et al., 2005). A more recent pilot study in Palmerston North, NZ,
examined the impact of the government iodine initiatives, by comparing breast milk iodine
concentration from before (2009) and after (2011) the initiatives were introduced. They found
no significant difference between the average iodine concentration in 2009 (55µg/L or
5µg/100g) and that in 2011 (63µg/L or 6µg/100g) (Brough et al., 2013). However, the breast
milk concentration of iodine supplement users (126µg/L or 12µg/100g), was significantly
higher than that of non-iodine supplement users (58µg/L or 6µg/100g (p<0.001)).
Breast milk and infant formula are the main sources of iodine in the diets of infants during the
second six months of life (Skeaff et al., 2005). However, there is little evidence regarding the
prevalence of iodine supplement use in NZ breastfeeding women. The Palmerston North pilot
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study found that only a third of their small (n=36) sample of NZ breastfeeding women were
taking supplements containing iodine in 2011 (Brough et al., 2013). In Australia, mandatory
fortification of salt used in bread making was also introduced in 2009, and in 2010 the
National Health and Research Council released a statement recommending all pregnant and
breastfeeding women should use iodine supplements as mandatory fortification would not
supply sufficient iodine to meet the increased demands of pregnancy and lactation (Charlton
et al., 2012). However, surveys of Australian lactating women in 2011/2012 (n=60) found that
only around 45% were taking an iodine-containing supplement (Charlton et al., 2012).
Based on the estimated breast milk intake in this thesis (750g/day), breastfed infants were
estimated to receive only 22.5µg/day of iodine from breast milk using the NZ FOODfiles
2010 nutrient data. However, if all breastfeeding mothers had been taking iodine supplements,
resulting in increased breast milk iodine concentration as was found in the pilot study, intake
of iodine from breast milk would have been 90.9µg/day, much closer to the AI. Interestingly,
an Australian study that investigated the effect of iodine supplementation during 24 weeks of
lactation found that even in the group who were supplemented with 150µg/day, breast milk
iodine concentrations of over 100µg/day, which is suggested to be the minimum needed to
ensure infants are in positive iodine balance, were not achieved (Mulrine, Skeaff, Ferguson,
Gray, & Valeix, 2010).
Plant and Food New Zealand is currently recruiting participants for a study investigating the
composition of breast milk in NZ women of Māori, Pacific, Asian and NZ European ethnicity
(New Zealand Plant and Food Research, 2014) This will provide more recent information
regarding the breast milk iodine concentrations of NZ women, and whether the level is
adequate to ensure sufficiency for breast fed infants. In the mean time, these data from the
BLISS study suggest that breastfed infants in NZ may be at risk of inadequate iodine intakes
and that further research is required regarding the use of iodine containing supplements by
lactating NZ women, and further investigation of the iodine status of NZ infants. However, it
did not appear that infants in the BLISS Intervention group were more or less likely to be at
risk of low iodine intakes than infants in the Usual Care group.
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5.3

Strengths"and"limitations"

The BLISS study has a number of strengths. It was a randomised controlled trial and
participants were stratified by parity (primiparity versus multiparity) and maternal education
(tertiary education versus no tertiary education) to ensure equal distribution of characteristics
that were likely to affect study outcomes. The BLISS study staff were blinded to group
allocation for administration and data entry of the Feeding Questionnaire. The candidate was
blinded to participant group allocation for data entry as much as was practical, however, due
to the nature of the intervention a number of BLISS recipes, provided to participants in the
Intervention group, were reported in the diet records which meant inadvertent identification of
the group these participants were in. Every effort was made to ensure that this did not impact
on calculation, coding and entry of the WFR’s,. Participants were assigned three randomised
days for WFR recording, including two week-days and one weekend-day, which provided a
reasonably representative sample of weekly eating patterns across the whole study population.
All seven-month WFR’s were calculated, coded and entered by the candidate, ensuring that
the methods were consistent throughout the whole sample. The candidate also ensured
consistency through the development of a Codebook for the BLISS study. The Codebook
included guidelines for estimating missing food weights, and a list of established default food
weights (e.g., the weight of a “medium apple”) so that use was consistent across WFR’s. It
also included a list of “default foods”. These were used when the participants’ description of a
food was not specific enough to make a direct match within the Kai-culator food database
(e.g., “cheese” with no type specified), or for foods with no exact match in the database that
required a matched food to be chosen (e.g., “Barker’s raspberry jam”). Completion of sevenmonth WFR’s was high, more than 80% of recruited participants, or 85% of participants who
were actively enrolled in the study at seven months of age, returned at least one complete day.
A further strength of this thesis is that participants’ recipes and commercial infant foods were
disaggregated into their component food groups, which allowed for much more detailed
comparison of food group intakes of both study groups. The families of BLISS Intervention
infants were recommended to offer them family foods, which are often recipes made using
ingredients from several different food groups. For example, lasagne is made from: pasta, a
tomato and mince sauce, and a cheese topping. For some studies this would have been either
incorporated into a “mixed dishes” food group, or a slightly more specific “mixed meat
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dishes” (Friel et al., 2010). However, using the disaggregation approach utilised in this thesis
the lasagne would be divided into the ‘Bread, pasta, rice, low-sugar cereal’ (pasta),
‘Vegetables’ (tomato), ‘Meat’ (mince) and ‘Cow’s milk and dairy products’ (cheese) food
groups. Commercial infant foods have also been reported as a single food group by many
studies investigating infant food intakes (Conn et al., 2009; Friel et al., 2010; Lioret et al.,
2013). However, commercial infants foods range from simple fruit or vegetable only foods, to
recipes such as “shepherds pie mash” (http://www.naturelandbaby.co.nz/) or “apple, peach
and passion rice pudding” (http://www.forbaby.co.nz/). Disaggregation of these foods for
inclusion in the overall food groups, in addition to consideration as a separate ‘Ready-to-eat
commercial infant foods’ group, facilitated detailed analysis of the food group intakes of both
groups, and particularly the Usual Care group infants who consumed a greater proportion of
commercial infant foods. This also minimised the risk of bias resulting from differences in the
types of mixed dishes consumed by the groups.
However the study also had some limitations. Eight infants in the Usual Care group were
classified as adherent to the Baby-Led infant self-feeding criteria developed by the candidate.
It is possible that this resulted from cross-contamination between the study groups, which
may arise in a small city, like Dunedin. However, it was emphasised to participants during
intervention visits that due to the nature of the trial, resources should not be shared or
discussed outside of the study appointments and their immediate families. Also, previous
research suggests that a number of families would be expected to chose to use BLW in the
Usual Care group due its popularity in NZ (Cameron et al., 2013).
An estimated breast milk volume of 750g/day was used for all infants who consumed breast
milk as their only source of infant milk during the three-day WFR. Measurement of breast
milk volume would have significantly increased the participant burden of the study, if test
weighing had been used, or the cost of the study, if stable isotopes had been used. The method
of estimation was chosen after extensive review of the literature (please see section 2.5.1).
However, this may have affected the estimated nutrient intakes of breastfed infants reported
by this thesis. There was no difference in the proportion of infants who were fully breastfed or
mixed fed during the WFR between the study groups, offering reassurance that if the breast
milk estimation resulted in error it is likely to have affected both groups similarly. Therefore,
differences between the groups’ nutrient intakes were unlikely to have arisen as an artefact of
the breast milk estimation. Also, the mean reported formula intake of infants who consumed
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infant formula as their only form of infant milk during the WFR was 738g/day, which was
consistent with the estimated mean breast milk intake.
The BLISS study enrolled approximately 24% of eligible women (i.e. of women who enrolled
with the only maternity hospital in Dunedin) during the study recruitment period (please see
Figure 4.1). It is likely that mothers who consented to the study were more motivated than the
general population. They were also more highly educated, with almost half reporting a
University degree as their highest qualification, compared to 22.7% of the wider Dunedin
population (Statistics New Zealand, 2014a). Previous research has suggested that adherence
to the Baby-Led approach is associated with higher maternal education and professional
occupation (Brown & Lee, 2011a). However, the nature of this association is unclear given
the cross-sectional nature of the data. The ethnic diversity of the BLISS study population was
also not representative of the wider NZ population, including smaller proportions of Pacific,
Asian and Māori, and a greater proportion of NZ European participants. However, it was
relatively representative of the Dunedin population. The high level of maternal education and
low ethnic diversity of the BLISS study participants means these findings may not be
generalisable to the wider NZ population. Further research would be needed to conclude that
BLW is safe for infants when used by families with a diverse range of ethnic, educational and
socio-economic backgrounds.
Dietary assessment in infants is complex. Caregivers must act as surrogate reporters, and the
quantities of food offered and consumed are small, increasing the difficulty of measuring
amounts. Leftovers are also common, creating an extra step in the recording process, and
requiring parents to retrieve thrown or smeared leftover food for weighing or estimation
(Dewey et al., 1991a; Fisher et al., 2008; Gondolf et al., 2012a; Livingstone et al., 2004). It is
possible that these factors could lead to increased inaccuracy of recording for infants in the
Intervention group compare to the Usual Care group. Self-feeding by infants in the BLISS
group may have resulted in more mess while eating (Cameron et al., 2012), and may have
increased the difficulty of retrieval of leftovers. To minimise this source of error, the primary
caregiver of each infant was asked to shut family pets out of the room while infants were
eating and to estimate of the proportion of food that was not eaten, in addition to weighing the
leftovers, for data checking purposes.
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This thesis was not able to examine the infants’ iron or zinc intakes, two key nutrients of
concern for infants, as this is the subject of another student’s work. In addition, although
energy intake was examined, clinical measures of growth and under- or over-nutrition,
including BMI z-scores, body weight and length, could not be examined as they were main
BLISS study outcomes.

5.4

Directions"for"future"research"

The effect of the Baby-Led approach to complementary feeding on key clinical outcomes,
growth faltering, choking risk and iron status, in comparison to conventional approaches must
be determined. Further research in a more ethnically diverse and socio-economically
disadvantaged population would also provide a better understanding of the feasibility of the
Baby-Led approach for the wider NZ population.
Longitudinal follow-up of the nutrient and food group intakes of infants in the BLISS study is
required to ascertain whether the higher intakes of sodium, protein and saturated fat persist
later in infancy when family-foods will comprise a greater proportion of complementary food
intake for infants in the Usual Care group. Further follow up could also discern whether
BLISS infants are at greater risk of high intake of energy-dense non-core foods due to earlier
introduction of family foods.
It is important to remember that the BLISS approach is a modified version of the BLW
approach used by families in the community to introduce their infants to complementary
foods. Dietary assessment to measure the food and nutrient intakes of infants using the
original BLW approach is also needed. This would enable comparison with the food and
nutrient intakes of infants introduced to foods using the BLISS approach, as well as
investigation of the concerns that led to the modification of the approach used by the BLISS
study (growth faltering, inadequate iron intake and choking).
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6 Conclusion"
This study has demonstrated that, with support, families randomised to the modified BabyLed approach used in the BLISS study were able to adhere to the principles of BLISS,
including infant self-feeding of complementary foods, at seven months of age. The Feeding
Questionnaires developed for the BLISS study demonstrated good agreement with adherence
to a Baby-Led approach determined by the seven-month WFR, and represent the most
feasible method for measuring adherence to the Baby-Led approach in future research.
There are no published nutrient data for infants introduced to complementary foods using a
Baby-Led approach, and only one paper has reported any food intake data. At seven months
of age infants randomised to the modified Baby-Led approach to complementary food
introduction used in the BLISS study showed differences in the intake of food groups and
nutrients of compared to a group of Dunedin infants following usual care. Intake of sodium
was high in the BLISS Intervention group and there is a need for future guidance regarding
age-appropriate recommended intakes of high-sodium family foods, such as bread and cheese,
for infants introduced to complementary foods using Baby-Led approaches.
Seven months is only the beginning of the complementary feeding journey. Longitudinal
follow-up by the BLISS study and similar studies is needed to understand how Baby-Led
approaches impact on infant food choices, nutrient intakes and clinical outcomes as children
grow, in order to ultimately discern the benefits and risks of the approach compared to current
recommendations. This will improve the ability of health professionals to counsel families
deciding how to introduce complementary foods to their infant, and allow NZ health agencies
to make recommendations regarding the safety and possible benefits of Baby-Led approaches
to infant feeding.
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