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Abstract  |  Tuhinga Whakarāpopoto 
 

Background: The period of transition from a solely milk-based diet to sharing family foods at around 

12 months of age is a critical time for infants. Complementary feeding practices, from the age of 

introduction to complementary foods, method of feeding (baby-led weaning vs. traditional spoon-

feeding), use of the novel baby food pouches, use of traditional cultural foods and practices, and the 

characteristics and nutrient density of first foods offered support the healthy growth and 

development of the infant, as well as shape long term dietary patters and food preferences. 

Additionally, iron status is crucial for healthy infant growth and development, and while this is 

impacted by myriad maternal, genetic, and environmental factors, complementary feeding practices 

and the characteristics of foods offered are key modifiable practices that influence infant iron status.  

 

Aims and objectives: The overall aim of this study was to investigate and describe early infant 

feeding practices, key nutrient intake and density, and the iron status of Māori, Pasifika and other 

infants living in Aotearoa New Zealand, using an observational cross-sectional study design. The 

primary objective was to conduct an intra-ethnic analysis of infant complementary feeding practices, 

nutrient intake and density from complementary foods, and iron status between Māori, Pasifika, and 

‘other’ infants. ‘Other’ refers to any infants who were not self-identified by the adult respondent as 

Māori or Pasifika.   

 

Methods: Infants aged 7.0–10.0 months along with their primary caregiver participated in an 

observational cross-sectional study, with 625 infant–caregiver dyads recruited from Auckland and 

Dunedin, New Zealand. Participants were recruited from a range of ethnic groups and deprivation 

statuses. Infants were stratified by ethnicity using total response for Māori and Pasifika, with all non-

Māori, non-Pasifika infants categorised into a single ‘others’ group. Demographic and feeding 

practices data were collected via questionnaire. Nutrient intake from complementary food was 

measured using the multiple-source method from two multiple-pass 24-hour diet recalls. Nutrient 

density of complementary food was calculated as the concentration of selected nutrients per 418 kJ 

(100 kcal) of energy. For iron status, haemoglobin, plasma ferritin, soluble transferrin receptor, C-

Reactive protein, and alpha-glycoprotein were obtained from a venous blood sample. Inflammation 

was adjusted for using the Biomarkers Reflecting Inflammation and Nutritional Determinants of 

Anaemia (BRINDA) method. Body iron concentration (mg/kg body weight) was calculated using the 

ratio of sTfR and ferritin. 
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Results: A total of 1424 infant-caregiver dyads were assessed for eligibility, and 625 eligible dyads 

were enrolled in the study, all of whom provided written consent. Data for complementary feeding 

practices and nutrient intake were analysed for all 625 infants, with blood samples obtained from 

365 of these infants for the assessment of iron status. Within the cohort 131 infants were identified 

by their caregiver as Māori, and 82 as Pasifika. The remaining infants are allocated into a single 

‘others’ group as the primary focus of this manuscript is Māori and Pasifika infants. The mean (SD) 

infant age was 8.4 (0.8) months for Māori, 8.5 (0.9) months for Pasifika, and 8.4 (0.8) months for 

‘other’ infants. Over half of all ethnicities introduced CF at around six months of age (56.5% of 

Māori, 62.2% of Pasifika, and 80.9% of ‘others’). BLW prevalence increased from 11.5% of Māori, 

3.7% of Pasifika, and 12.4% of ‘other’ infants at the time of introducing CF to 29.2% of Māori, 17.1% 

of Pasifika, and 27.3% of ‘others’ currently. Baby food pouches were used at least once by 89.3% of 

Māori, 85.4% of Pasifika, and 75.6% of ‘other’ infants. Of those who always or frequently were fed 

pouches, 27.1% of Māori, 25% of Pasifika, and 12% of ‘other’ infants always or mostly sucked directly 

from the nozzle. Vegetables and ‘pureed’ were the most common first food and texture offered, 

respectively, for all ethnic groups. At six months red meat was consumed by 54.6% of Māori infants, 

63.4% of Pasifika infants, and 61.8% of ‘other’ infants, and approximately half had iron-fortified baby 

rice (Māori 57.3%, Pasifika 56.1%, ‘other’ 48.7%). Age-inappropriate drinks were currently given to 

17.6% of Māori, 20.7% of Pasifika, and 3.8% of ‘other’ infants. In total, 9.1% of Māori and 20.7% of 

Pasifika respondents reported offering traditional cultural foods to their infants. Energy intake 

increased with age for all ethnic groups and was higher for boys than girls. Protein as a percentage of 

energy intake from CF was significantly lower for Māori compared to ‘others’. Fat as a percentage of 

energy intake from CF was significantly lower for both Māori and Pasifika than ‘others’, whereas 

carbohydrate as a percentage of energy intake from CF was significantly higher. Sugar intake in 

grams from CF was significantly higher for Pasifika when compared to ‘others’, and sugar as a 

percentage of energy intake from CF was significantly higher for Māori than ‘others’. Iron, zinc, and 

calcium density of the complementary diet was inadequate for all groups: Māori and ‘others’ had an 

iron density of 0.8 mg/418 kJ, and Pasifika 0.9 mg/418 kJ. Zinc density was 0.5 mg/418 kJ for all 

groups. Calcium density was 37 mg/418 kJ for Māori, 40 mg/418 kJ for Pasifika, and 38 mg/418 kJ for 

‘others’. In total, 96.4% of Pasifika infants were iron sufficient, compared to 82.5% of Māori and 76% 

of ‘other’ infants. ‘Other’ infants had the highest prevalence of iron deficiency overall, with 3% 

categorised with iron-deficiency anaemia, 12% with early functional iron deficiency, and 9% with 

iron depletion. For Māori infants, 4.7% had iron-deficiency anaemia and early functional iron 

deficiency, respectively, and 8% were iron depleted. One (3.6%) Pasifika infant was iron depleted, 

and the remainder were iron sufficient. Mediation analysis suggested that the difference in body 
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iron concentration between Pasifika and ‘others’ was partially explained by the frequency of their 

higher consumption of baby food pouches. 

 

Conclusions: The high prevalence of Māori and Pasifika infants feeding directly from baby food 

pouch nozzles is concerning in light of the increasing popularity and prevalence of this novel feeding 

device, with concerns for both the safety and impact on development of this way of feeding. The low 

density of iron, zinc, and calcium in the complementary diet warrants further investigation into 

feeding and fortification strategies, due to the key role these nutrients play in the growth and 

development of infants. The rate of iron deficiency was very low for Pasifika infants despite little iron 

intake from complementary food, indicating non-dietary factors as the likely cause for this group.  
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Glossary  |  Kuputaka 

AOTEAROA 

The Māori language name for New Zealand. In this thesis Aotearoa is used interchangeably with New 

Zealand, or referred to as “Aotearoa New Zealand”, abbreviated as NZ. Aotearoa was first used for 

the North Island only, with the post popular meaning being “long white cloud”. 

ATUA 

Atua (singular and plural) refers to Polynesian spirits or Gods and were central to Māori spirituality. 

Atua also means “God” in Samoan, and the literal Polynesian translation is “power” or “strength”. 

Atua may also be used to refer to the spirits of powerful Chiefs. 

KAI 

Kai is the Māori word for food and can also be used to mean “eating” or “eat”.  

MANA 

Mana refers to individual and collective power, prestige, and status, but at the same time humility. 

Traditionally mana was thought of as a supernatural force conferred or inherited at birth and can be 

enhanced by success or decreased by failure or undesirable behaviour. Inanimate objects may also 

be imbued with mana due to their association with people with mana or their use in important 

events.  

MANAAKITANGA 

The care, respect, and generosity shown to others (guests, family, the wider community). This may 

refer to hospitality given, or respect and care given for others’ stories and information.  

MANUHIRI 

Manuhiri are visitors or guests. For example, a group of people who visit a marae are considered 

manuhiri.  

MĀTAURANGA MĀORI 

Māori knowledge / wisdom drawn from traditions, values, concepts, philosophies, world views, and 

understandings derived from a uniquely Māori cultural perspective. It is differentiated from a 

Western approach in that there is an emphasis on the personal or human perception of a thing, 

rather than what the role of that thing is.  
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MINISTRY OF HEALTH / MANUTŪ HAUORA 

The government department responsible for the health and disability system in Aotearoa New 

Zealand, including administering legislation and associated regulations.  

ŌTEPOTI 

The Māori language name for Dunedin, a main urban centre in Aotearoa New Zealand. 

PĀKEHĀ / PALANGI 

The Māori and Pacific Island term for people of primarily European descent, originally applied to 

English-speaking Europeans living in Aotearoa New Zealand. Historians agree that the origins of the 

word Pākehā is likely to be “pale, imaginary beings resembling men”. There has been backlash 

previously, likely due to the coloniser being asked to refer to themselves in the language of the 

colonised, but Pākehā is now a mainstream term.  

PASIFIKA 

This refers to Polynesian people, languages, and culture, including Samoan, Tongan, the Cook 

Islands, Fijian, Niuean, Tokelauan, Tuvaluan, and other Pasifika heritages. It describes both migrants 

from the Pacific regions and their descendants who may be New Zealand-born.  

PĒPI 

The Māori language word for baby / infant.  

PLUNKET 

A charitable organisation that provides support for the health and wellbeing of children from birth 

until they turn 5 years of age. The service provides free health and development checks, a 24-hour 

parenting helpline, and a range of community services such as parenting groups and group 

education seminars for whānau.  

RANGATIRA 

Tribal chiefs in Māori culture, with high mana and ranking. Usually financially well off and revered.  

TAHA HINENGARO 

This is one of the four pillars of Māori health and wellbeing and refers to mental health. It 

encompasses the mind, heart, conscience, thoughts, and feelings, as well as communication.  

TAHA TINANA 

The second pillar of Māori health and wellbeing, this refers to physical well-being.  
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TAHA WAIRUA 

The third pillar of Māori health and wellbeing, this refers to one’s spiritual wellbeing. It refers to your 

life force – who and what you are, where you have come from, and where you are going. This can be 

viewed in different ways depending on the individual’s spiritual beliefs.  

TAHA WHĀNAU  

The fourth and final pillar of Māori health and wellbeing, this refers to those who give the individual 

a feeling of belonging or a sense of community, friendship, and love. It can refer not just to family, 

but colleagues, friends, and people that a person cares about.  

TĀMAKI-MAKAURAU 

The Māori language name of Auckland, the largest city in Aotearoa New Zealand. 

TAMARIKI 

The Māori language word for “children”. 

TANGATA WHENUA 

The literal definition is “people of the land” and refers to local people who have a deep ancestral and 

spiritual connection to the land they live on. 

TAONGA 

Referring to a “treasure”, whether it be tangible or intangible.  

TE TIRITI O WAITANGI / THE TREATY OF WAITANGI 

The founding document of New Zealand, the Treaty is an agreement between the British Crown and 

approximately 540 Māori chiefs. It has been written in English and translated into Māori by Henry 

Williams and his son Edward overnight. There is controversy around the accuracy of the translation. 

The Treaty is a broad statement of principles upon which the British and Māori agreed to found a 

nation state and build a government in New Zealand. 

TE WHARE TAPA WHĀ 

This is a Māori model of health and wellbeing, consisting of four sides or pillars: taha Hinengaro 

(mental health), taha tinana (physical health), taha wairua (spiritual health), and taha whānau 

(family health) 

WHĀNAU / ‘AIGA / WHĀMERE 

The Māori, Samoan, and Cook Island Māori words, respectively, for “family”.  
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24h-recall 24-hour dietary recall 

AGP α-1-Acid Glycoprotein  

AI Adequate Intake 

BLISS Baby-led Introduction to Solids 

BLW Baby-Led Weaning 

BMI Body Mass Index 

BRINDA Biomarkers Reflecting Inflammation and Nutritional Determinants of Anaemia 

CF  Complementary Food 

CFFQ Complementary Food Frequency Questionnaire 
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FFQ Food Frequency Questionnaire 

FNB:IOM Food and Nutrition Board: Institute of Medicine 
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Chapter 1  |  Upoko Tuatahi 

Preface 
 

 

 

 

 

 

 

 

Whaowhia te kete mātauranga 

Fill the basket of knowledge 

 

 

 

 

 

 

 

 

 

This chapter provides an introduction and justification for this thesis. The 

objectives and outcomes are then presented, followed by an outline of the 

thesis structure and a description of researchers’ contributions. 
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Introduction and Justification for Study 

 

How and what we feed our infants is a crucial component of their growth and development, both 

physically and socially. It is how we connect with, nurture, and love our children. It is how we share 

and teach a love of food, all while providing crucial nutrients for growth and development. The 

complementary feeding period where the infant makes the transition from a solely milk-based diet 

to sharing the family foods by 12 months of age is a critical time in the infant’s life, and a large body 

of evidence guides the recommendations on infant feeding. The World Health Organisation (WHO) 

recommend exclusive breastfeeding for the first 6 months, and nutritionally adequate and safe 

complementary food (CF) to be introduced at 6 months together with breastfeeding up to 2 years of 

age or beyond (1).  

 

Complementary feeding practices play an important role in the healthy growth and development of 

the infant and influence dietary patterns and preferences into adulthood. Currently, the World 

Health Organisation (WHO) and the Ministry of Health (MOH) recommend introducing safe and 

appropriate complementary food at around six months of age (1, 2), starting with a thin smooth 

puree via the spoon after a breast or formula feed. Variety of foods and textures should gradually be 

introduced with the infant becoming more independent with self-feeding until sharing the family 

foods at 12 months of age (2). The practice of baby-led weaning (BLW), whereby the infant has total 

control over their own feeding with non-texture modified family foods has been popular for many 

years now but is not recommended by the MoH (3). This is due to safety concerns around choking 

risk, nutrient intake, and growth. A novel form of infant feeding are baby food pouches, which are 

made of soft squeezable plastic with a nozzle attached that infants are able to suck food from 

directly. These are virtually unstudied beyond prevalence data. Health related concerns for pouch 

use are nutrient content (high sugar, low iron), dental health, increased energy intake, and lack of 

appropriate texture progression (4-9). The German Society for Pediatrics and Adolescent Medicine 

have released a position statement stating that young children should not suck directly from the 

pouch nozzle (8), but prevalence data for pouch use are currently unknown in NZ.  

 

The food offered in the complementary feeding period also has a crucial role to play in the healthy 

growth and development of the infant. The infant’s nutritional requirements per kilogram of body 

weight are greater than at any other life stage, yet relatively little energy is consumed from CFs. 

Therefore, CFs must have enough nutrient density to satisfy the infant’s requirements while meeting 

their estimated energy requirement. Furthermore, this is the stage at which long-term taste 
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preferences are shaped. Common nutrients of concern in the infant’s complementary diet are iron, 

zinc, and calcium. When assessing the nutrient intake of infants, each nutrient is typically measured 

from estimated milk feeds, which is unreliable for breast milk, and a diet record. This does not 

consider the infant’s energy intake, so an alternative is to examine the nutrient density (the ratio of 

nutrient to energy) of complementary foods, which allows energy intake to be captured. Building on 

this, a reference nutrient density can then be established which is referred to as the “critical nutrient 

density”. If an infant’s diet has adequate critical nutrient density, the recommended nutrient intake 

will be met when the energy requirements are met. Therefore, use of nutrient density will allow any 

shortfalls in the infant’s complementary diet to be identified. This is also a useful approach as in this 

age group it is appropriate to manipulate the complementary diet to meet requirements rather than 

breast or formula feeds.   

 

 

Research quantifying the nutrient density of NZ infants’ CFs has not been identified, yet the 

relationship between early-life nutrition and health outcomes through the lifecycle, such as type 2 

diabetes and cardiovascular disease, are well-established (10, 11). Māori and Pasifika people are 

differentially impacted by both communicable and non-communicable disease (12, 13), the 

likelihood of which can be traced back to early-life nutrition.  

 

Healthy term infants are born with sufficient iron stores to last approximately six months (14), 

necessitating early introduction of iron rich foods at the initiation of complementary feeding (15). 

However, iron is arguably one of the more difficult nutrients to ensure adequacy of for infants, partly 

due to haem iron dietary sources (from meat, fish and poultry) being more challenging foods to 

texture-modify for an infant, as well as the low absorption rate of non-haem iron (16). An infant’s 

iron stores are determined by a complex interplay of myriad factors though, from maternal iron 

stores, gestational age at birth, iron losses and requirements, genetic factors, illness and 

inflammation, and dietary iron and accompanying modifiers. Understanding the causative factors of 

iron deficiency in infants is important as it is associated with immune deficiencies, delayed motor 

skill development, and cognitive development. These effects can be permanent even in the absence 

of anaemia (17, 18), and with iron repletion (18, 19). Iron status of infants has been well-studied 

internationally, but recent studies in NZ, especially those stratified by ethnicity, are scarce. Historical 

data suggest that 2.8 – 22% of infants in NZ aged 6 – 12 months have at least some degree of iron 

deficiency (20-22), with Māori and Pasifika infants having a rate of as high as 65%. However, most of 

these studies failed to control for infection, used varying indices and cut-offs to determine iron 
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status, and some used data from hospitalised infants which may not be generalisable to the 

population.  

 

In NZ, the greatest inequalities in childhood outcomes related to nutrition occur due to differences 

in ethnicity (23). While there is a consensus on appropriate food and nutrients with appropriate 

texture progression for the weaning infant, and emerging but conflicting evidence for BLW as a 

feeding method, it is less clear what, and how, different ethnic groups within New Zealand are 

feeding their pēpi. In NZ, no studies specifically investigating ethnic differences in infant feeding 

practices exist, and there are few examining dietary or nutrient intake.  

 

Study Objectives 

The First Foods New Zealand (FFNZ) was a multi-centre study in Auckland and Dunedin, running from 

July 2020 to February 2022. The overarching aim of this thesis was to investigate and describe early 

infant feeding practices, key nutrient intake, and iron status of Māori, Pasifika, and other infants 

using an observational cross-sectional study design.  

 

The primary objective of this thesis was to conduct an intra-ethnic analysis of infant complementary 

feeding practices, nutrient intake and density from complementary foods, and iron status between 

Māori, Pasifika, and ‘other’ infants. ‘Other’ refers to any infants who were not self-identified by the 

adult respondent as Māori or Pasifika. 

 

Aims & Objectives 

 

1. Investigate complementary feeding practices between Māori, Pasfiika, and non-Māori, non-

Pasifika infants aged 7.0 – 10.0 months. 

 

Objectives: 

• Categorise complementary feeding practices 

• Evaluate and describe complementary feeding practices by ethnic group 

 

2. Explore differences in nutrient intake and density from the complementary diet of Māori, 

Pasfiika, and non-Māori, non-Pasifika infants aged 7.0 – 10.0 months. 
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Objectives: 

• Analyse ethnic differences in the intake of energy and key nutrients (protein, fat, 

saturated fat, carbohydrate, sugar, iron, zinc, calcium, vitamin C, vitamin A, and 

vitamin B12 of Māori, Pasfiika, and non-Māori, non-Pasifika infants aged 7.0 – 

10.0 months. 

• Compare and contrast key nutrient intake between Māori, Pasfiika, and non-

Māori, non-Pasifika infants aged 7.0 – 10.0 months. 

 

 

3. Evaluate the iron status of Māori, Pasfiika, and non-Māori, non-Pasifika infants aged 7.0 – 

10.0 months. 

 

Objectives: 

• Determine the iron status of Māori, Pasfiika, and non-Māori, non-Pasifika infants 

aged 7.0 – 10.0 months using body iron concentration (mg/kg body weight) 

• Explore ethnic differences in the iron status of Māori, Pasfiika, and non-Māori, 

non-Pasifika infants aged 7.0 – 10.0 months. 

• Explore intra-ethnic relationships between complementary feeding practices 

and iron status in Māori, Pasfiika, and non-Māori, non-Pasifika infants aged 7.0 – 

10.0 months. 

 

Outcomes 

Primary Outcomes 

Complementary feeding practices, key nutrient intake from complementary food, nutrient density of 

complementary food, and prevalence and predictors of iron deficiency (ID) and iron deficiency 

anaemia (IDA). Complementary feeding practices encompass timing of introduction to 

complementary foods, method of feeding (BLW versus traditional spoon-feeding (TSF)), pouch use, 

types of first foods offered, traditional cultural foods offered, and inappropriate drinks offered.  

 

Secondary Outcome 

Characteristics of participants who did not provide a blood sample stratified by reason for not 

providing a blood sample and ethnicity.  
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Hypotheses 

1. A higher prevalence of non-Māori, non-Pasifika infants will use BLW. 

2. There are a high proportion of infants being fed directly from pouches.  

3. Iron intake will be below the estimated average requirement (EAR) for all ethnicities. 

4. Māori and Pasifika infants will have a higher rate of ID and IDA than other ethnicities.  

 

Thesis Structure 

Chapter 2, a review of the literature, follows after this chapter. This is divided into three sections, 

each relating to the three overall aims for this thesis. The first section examines the existing research 

in infant feeding practices. It begins with an overview of the history of infant feeding in NZ and 

current infant feeding practices, followed by a comprehensive review of the literature examining 

baby-led weaning, traditional spoon-feeding, traditional cultural practices, pouch use, first foods, 

and timing of introducing complementary foods. The second section provides a detailed rationale for 

the choice of key nutrients examined in the study, followed by a review of the roles and 

requirements of each nutrient for infants. The third section reviews infant iron status. This 

encompasses definitions of iron status, impacts of ID and IDA, dietary and non-dietary factors 

impacting iron status, and a thorough review of all previous studies in NZ investigating infant iron 

status.  

 

Chapters 3, 4, and 5 are the results sections and each presents different primary outcome findings. 

These are presented in manuscript form. Chapter 4 presents the data on early infant feeding 

practices, encompassing BLW prevalence, pouch use, timing of introduction of complementary 

foods, and characteristics of first foods. Chapter 5 reports nutrient intake and prevalence of 

inadequate intake by ethnicity. Chapter 6 reports the iron status data, and the secondary outcome 

of predictors of iron status by ethnicity.  

 

Chapter 6 provides an overall summary of the study findings, discussion, and conclusions. The 

strengths and limitations of the study are assessed, and recommendations for future research are 

provided.  

 

Appendices encompass those for all chapters, information sheets, and consent forms, and additional 

detailed information on participant ethnicity and recruitment flow charts. 
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Chapter 2  |  Upoko Tuarua 

Literature Review 
 

 

In Aotearoa New Zealand, the greatest inequalities in childhood outcomes related to nutrition occur 

due to differences in ethnicity. The purpose of this literature review is to examine the existing 

literature on feeding methods, nutrient intake, and iron status of infants through the lens of 

ethnicity. 

 

 

 

Taua raurau, taku raurau, ka ora te iwi 

With your food and my food, we will feed the people 
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Introduction 

In Aotearoa New Zealand (NZ), Māori and Pasifika peoples carry the greatest burden of disease 

compared to the general population (1-3), which mirrors the health inequities faced by indigenous 

peoples internationally (4). Māori and Pasifika peoples from all stages of life are disproportionately 

represented in the majority of chronic and infectious diseases, as well as morbidity rates (2). A 

fundamental determinant of these gross inequities in health outcomes for Māori and Pasifika 

peoples is systemic racism, which manifests in healthcare polices and administration (5, 6). 

Compounding this, legacy racism stemming from over 160 years of European colonisation also 

impacts profoundly on intergenerational health, as well as social and socio-economic outcomes (7-

10). Te Tiriti o Waitangi (The Treaty of Waitangi), the founding document of NZ made between the 

British Crown and 540 Māori Rangatira (chiefs) forms the basis of the obligations of the Crown to 

Māori in the context of the healthcare and disability system. However, literature suggests that there 

has historically been a disparate distribution of healthcare resources resulting in poorer health 

outcomes for Māori and Pasifika. This is due to disagreement over whether the concept of “equal 

citizenship rights” as stated in Te Tiriti refers to equal opportunities, or equal outcomes (11, 12). 

Māori and Pasifika children are held up as sacred taonga (treasures) to be protected and cared for: 

something kai (food) plays a central role in (13), however they are more than twice as likely as 

Pākehā children to grow up with significant hardships, including financial, education, and food 

security (14). As a result, the status quo of ethnicity being the greatest predictor of nutrition-related 

health outcomes remains.   
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Section 1: Infant Feeding Practices 

 

Infant feeding practices encompasses method of feeding, timing of introduction of complementary 

foods, and first foods offered. These practices can significantly impact the nutrient intake, 

absorption, and status of the infant at a crucial time of growth and development. Infant feeding 

practices also have the potential to affect adult food preferences and eating behaviours. This section 

will describe and evaluate the literature for traditional spoon-feeding, baby-led weaning, and pouch-

feeding, as well as the timing of introduction of complementary foods and the types of first foods 

offered. 

 

 

A Brief History: Infant Feeding in Aotearoa New Zealand 

How, as well as what, infants are fed has the potential to impact their eating preferences, 

behaviours, and health through to adulthood. Infant feeding practices in NZ and the neighbouring 

Pacific Islands has evolved over time. Pre-colonisation Māori exclusively breast-fed, and when the 

birth parent was unable to breastfeed wet nursing was a normalised practice (15). Post-colonisation 

breastfeeding rates declined due to industrialisation and increased authority of doctors, with a shift 

towards commercial feeding products which were freely marketed, and more women entering the 

workplace (16). Furthermore, the Native Health Act was passed in 1909 forbidding Māori women to 

breastfeed in public (17). Both Māori and Pacific Islanders introduced complementary foods from as 

young as 8 weeks, offering a pre-masticated form of traditional foods that the older tamariki and 

adults ate (18-20). This practice similarly changed post-colonisation with the advent of commercial 

baby food products, as well as the marginalisation of traditional Māori values, knowledge, and 

practices in favour of a western biomedical approach that favours Pākehā practices (21). As a result, 

this mātauranga Māori of infant feeding practices has now largely been lost in present-day NZ.  

 

 

Infant Feeding Methods: Overview 

In 2003 The World Health Organisation (WHO) published guidelines recommending exclusive 

breastfeeding for the first six months of life, and thereafter nutritionally adequate and safe 

complementary foods while breastfeeding continues for up to two years of age or beyond. Where 

infants are unable to be breastfed, a suitable infant formula is recommended (22). The Ministry of 

Health (MoH) in NZ recommends that first foods consist of a thin smooth puree, and quantities and 

textures progress with the infant eating more family foods at around one year of age (23). This 
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method of feeding is colloquially known as traditional spoon feeding (TSF) and is the practice of first 

offering a thin smooth puree via the spoon, starting with half to two teaspoons after breast or 

formula feeding. Flavours, variety of foods and textures are introduced then gradually increased. 

Textures are progressed from a thin to thick puree, to mashed to chopped with the infant feeding 

themselves more as they grow older. These characteristics of TSF are well supported with robust 

evidence (24-27) as well as being recommended by the MoH.  

 

An alternative and increasingly popular method of feeding is baby-led weaning (BLW), a term coined 

by Gill Rapley in 2005 (28). In its purest form BLW is when an infant is only offered food that they 

feed to themselves (29). The infant has total control over their own eating from the time of 

complementary food introduction (30). This sets BLW apart as its own distinct method of feeding as 

compared to TSF. To date, there are over 100 published studies investigating BLW. While these have 

identified various potential risks and benefits, many offer conflicting findings and there is not yet 

enough research in this area to confidently support or discourage BLW (31, 32). This is echoed by the 

MoH. Potential risks of BLW are choking, inadequate nutrient intake, sub-optimal iron status, 

impaired satiety responsiveness and reduced diet quality (33).  

 

Baby food pouches are a novel method of feeding that has exploded onto the commercial baby food 

market in recent years. Baby food pouches are squeezable plastic sachets with a plastic nozzle that 

the food can be dispensed from onto a spoon or bowl, or directly sucked out of by the infant. 

Examples of food pouches available for sale in NZ can be seen in Figure 1. Pouches command a 

remarkable market share of 56% in the United States (34), and sales growth of 125% annually in 

Europe (35). In NZ it is not yet known what proportion of commercial baby food comprises of 

pouches. 

 

 

 

 

 

 

 

 

Figure 1. Baby food pouches 
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There are several potential concerns regarding the use of baby food pouches, encompassing the 

nutritional quality of the food, appropriateness of the texture, ease of consumption leading to 

higher energy intake, displacement of nutrient-rich milk, effect on dental health, the impact on the 

infant’s learning about food and eating, and social development. There has been little research into 

the health, nutrition, social and safety impacts of this new method of food delivery, or the 

prevalence of direct feeding from the pouch nozzle versus squeezing the food onto a spoon first. A 

paper examining novel infant feeding devices recommends that urgent research into pouches is 

needed (36).  

 

 

Traditional Spoon-feeding 

The transition from exclusive breast or formula milk consumed every 2 to 4 hours to solid food at 

around 6 months of age is an important stage. It is a time of rapid growth and development, and 

infants’ nutritional requirements increase rapidly and can no longer be fulfilled just by milk. This is 

also a time where the infant’s eating behaviours and food preferences are shaped – something 

parents have a significant influence on (37).  

 

The WHO revised their recommendations that complementary feeding is initiated when the infant is 

4 to 6 months of age (38) to approximately six months of age in 2002 (22) – advice that has been 

adopted by NZ and the United Kingdom (UK) (39). There is some flexibility in this guidance, as certain 

developmental milestones will indicate that the infant is ready. These include reduction and/or loss 

of the tongue extrusion reflex, the ability for the infant to sit and hold their head up, to have the 

gross motor skills to put objects in their mouths and chew as well as to be able to pick up objects 

accurately (40).  

 

Conversely the European Food Safety Authority (EFSA) and the European Society for Paediatric 

Gastroenterology, Hepatology and Nutrition (ESPGHAN) recommend that complementary foods can 

be safely introduced from four to six months of age (32, 41). The risks for early introduction of solids 

(before four months) are agreed upon, and include immaturity of the digestive and renal systems, an 

increased risk of illness and infection and an immature swallow reflex resulting in an increased 

choking risk (42). 

 

Chewing textured food is important for oral-motor skill development and is a difficult skill for an 

older child to master if the window of opportunity is missed. On the other hand, the safe oral 
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manipulation of first foods by an infant is an important and complex consideration. When an infant 

receive milk feeds, be it directly via the breast or from a bottle, the milk is dispensed directly at the 

posterior of the mouth which automatically triggers the swallow reflex (25, 43), as shown in figure 2.  

 

 

 

 

 

 

 

 

 

 

 
 
 
 

Figure 2. Placement of the nipple in the suckling infant 

Note: Adapted from Bu'Lock F, Woolridge MW, Baum JD. Development of co‐ordination of sucking, swallowing 
and breathing: ultrasound study of term and preterm infants. Developmental Medicine & Child Neurology. 
1990 Aug;32(8):669-78. 

 

 

However, when receiving solids from a spoon the infant must move the bolus from the front of their 

mouth to the back to initiate the swallow reflex. With a puree this is reasonably straightforward: the 

base of the tongue, which is usually positioned up to protect the airway, drops down and the bolus is 

propelled easily to the posterior of the mouth, through the throat, past the airway, and into the 

oesophagus. However, it is a more complex process for textured solids that require chewing. For 

this, lateral tongue movement to move the bolus around the mouth whilst chewing is required, 

allowing the food to be broken down and bound by saliva before being moved to the posterior of 

the mouth to initiate the swallow reflex (25, 43). This is made more challenging by the basic up–

down, or vertical mechanism of the infants’ early chewing, which is adequate only for very soft small 

pieces of food. More fibrous or crunchy foods must be positioned close to the ridges of the gums 

using lateral tongue movements, and a result of this process the airway is not well protected and 

there is a higher risk of choking (26, 44, 45). Additionally, the strength and stamina required to chew 

different foods varies greatly.  
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The infant’s ability to safely process and break down crunchy and fibrous foods is further aided by 

the eruption of teeth, which typically starts between six and eight months of age, with the molars 

erupting between 12 and 24 months of age which coincides with the development of a rotary 

chewing pattern rather than a simple vertical munching action (25, 26, 43, 46). 

 

These complex factors around safe oral manipulation help inform the TSF approach: by introducing 

purees as first foods the infant has the opportunity to practice moving a bolus to the back of the 

mouth, then progresses gradually to a mashed texture to soft foods to hard and fibrous foods, 

enabling the infant to develop their oral motor skills to better manage a wide variety of textures, 

and thus a wide variety of foods. 

 

A common feature of TSF and BLW is the introduction of many different foods and tastes early, and 

early spaced introduction of common allergy causing foods. It is recommended a milk feed be 

offered prior to the complementary foods until they are 8-9 months of age. Caregivers are 

encouraged to praise their infant when they try a new food, be patient when the infant seems to 

dislike a food as it can take many exposures for the infant to accept a new food, and to include them 

in mealtimes and model enjoyable eating and social occasions (23).  

 

 

Traditional Cultural Feeding Practices in Aotearoa New Zealand and the Pacific 

 

Nau te rourou, naku te rourou, ka or ate manuhiri. 

With your food basket, and my food basket, the people will thrive 

 

The MoH guidelines for infant feeding in NZ include specific sections for the consideration of Māori 

whānau and Pasifika families. Kai (food) carries great meaning both culturally and spiritually and is 

about much more than purely nutrition. Mātauranga Māori holds that kai is a prized taonga 

(treasure) that is seen as a sacrifice from the atua (gods), and provides not just nutrition, but 

sustenance for the domains of Te Whare Tapa Whā: Taha Tinana (physical wellbeing), Taha Whānau 

(social wellbeing), Taha Hinengaro (mental and emotional wellbeing), and Taha Wairua (spiritual 

wellbeing). Kai has the power to connect the past, present, and future. Kai is provided to manuhiri 

(guests) as a sign of respect, with the quality and abundance of kai indicating the mana held by the 

tangata whenua in the manaakitanga (care for guests) shown. 
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Traditionally, the introduction of solids is rooted in intuitively following the infant’s developmental 

cues such as sitting and grasping, rather than specific advice or timelines (47). This theme of 

responsive feeding carries through to the types of first foods offered and the method of infant 

feeding. Vegetables are commonly offered as first foods (47), and the method of feeding is not 

based on published guidelines for TSF or BLW, but rather carries on the responsive theme that is 

central to traditional care of Māori tamariki (children) (48, 49).  

 

In Pacific Island culture, similarly to Māori culture, food represents prosperity, health, generosity, 

culture, tradition, and community support – over and above the role of pure sustenance. 

Distinguishing features of Pacific Island peoples are a strong affiliation with churches, which hold a 

special place in Pasifika communities, a strong affiliation with their home country, and relatively 

recent immigration to NZ (50). Traditional Pacific Island foods are mainly starchy foods consisting 

mostly of root crops (taro, yam, cassava, kumara), as well as breadfruit, banana and plantain, and 

coconut (51). Protein-based food consumption is lower, with the main form of protein being fish 

(51). Despite the import of Western foods, these traditional Pasifika staple foods are still hold a 

significant role in connecting families, tribes, and communities. Gifting the highest quality produce 

to elders, church leaders and chiefs is a sign of respect.  

 

Not all whānau have, or have previously had, access to the tools needed to create a puree or access 

to commercial baby food. In many cultures adults have previously, and in some cases continue to 

pre-masticate food before giving it to the infant on either their finger or a utensil (18, 19, 52-56). By 

doing this, the food is broken down to approximately 2 mm sized pieces that are then bound 

together by saliva, approximating a puree that the infant can safely move to the posterior of the 

mouth to initiate the swallow reflex. Pre-mastication by the mother or another adult woman has 

been a common traditional practice in the Pacific Islands (18, 19, 52, 57) – a practice handed down 

from previous generations (20). The prevalence of pre-mastication amongst Māori and Pasifika 

whānau in NZ in the present day is not known. 

 

The early introduction of solids has historically been a common practice for both Māori and Pasifika 

caregivers. (18, 19, 52). A 1994 qualitative study examining weaning practices in Tonga reports that 

wage-earning mothers first introduced solids at three months of age, with non-wage-earning 

mothers weaning at around four months of age (19). Abel et al. explored infant care practices in a 

2001 qualitative study, and found that Māori, Pasifika, and young Pākehā mothers introduced solid 

food at three months of age, with some Pasifika caregivers reporting beginning as early as 6 – 8 
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weeks (18). The most common reason given for early weaning was if they felt their pēpi was not 

settling after feeding, and not sleeping well. Other parents explained that they felt that Pacific Island 

infants feel hungrier than Palangi (European) infants, so the age recommendations for 

complementary feeding does not apply to them (18). Growing Up in New Zealand (GUINZ) is a 

longitudinal study of 5770 infants and provides insight into non-timely introduction of 

complementary foods in NZ in 2015. This showed that 39.3% of infants were introduced to solids 

before 5 months of age, while another study showed that amongst a cohort of 318 NZ infants, 21.3% 

first had solid food between 0–3 months of age, and 31.4% between 4–5 months of age (58). Early 

introduction is also a more common theme with Māori infants, with 35.7% of infants in one study 

being introduced to solid food by three months of age, as compared to 29.6% European and 24.2% 

of “other” infants (59). 

 

 

Baby-Led Weaning 

Baby-led weaning has European / Western origins and is a purposeful and distinct method of 

introducing complementary foods to infants with clearly proposed potential health benefits. Baby-

led weaning is a term coined in 2005 by Gill Rapley (28). The rationale given by Rapley for 

development of BLW as a distinct method of feeding is that when the general infant feeding 

guidelines changed in 2002 from four to six months to approximately six months, this failed to 

consider that the significant developmental differences between a four-month-old and a six-month-

old infant. Rapley (60) suggests that: 

 

• a six-month-old infant is developmentally ready to purposefully grasp food and bring it to 

their mouth  

• a six-month-old infant is capable of chewing food 

• there is no rationale nor research to support the use of purees or spoon-feeding for 

“normal” six-month old infants 

• Breastmilk or formula should be the main source of nutrition up to 12 months of age, and is 

offered on demand, unconnected with mealtimes 

• To become proficient at chewing and self-feeding, infants require frequent opportunities to 

practice these skills 

• Infants require the opportunities to develop chewing and self-feeding skills within a critical 

time period of 6-9 months of age 
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• The limited food intake in the first couple of months of BLW should not be of concern due to 

obesity being one of our biggest current public health concerns 

 

This formative publication describing the rationale and process for BLW lacks references for many of 

Rapley’s claims, and there exists substantial evidence to the contrary (23, 24, 45, 61-64).  

 

Rapley suggests that a six-month-old infant is developmentally ready to purposefully grasp food and 

bring it to their mouth. This is generally supported by infant development studies, with one finding 

that object size is a determinant (65), and other studies noting that vision has a prominent role in 

purposeful grasping of objects, with the infant tracking their hand movement in relation to the 

object they are aiming to grasp – a skill that develops between five and seven months of age (66, 

67). While most six-months old who are developing as expected are likely able to grasp large objects, 

they have not yet developed the pincer grasp. Thus with BLW large pieces of food are suggested for 

this age (60), however Cichero (24) suggests that infants are not “born with an innate understanding 

of an appropriate bite size”, and are likely to take much larger bites than they are able to manage, 

thus greatly increasing their choking risk.  

 

It is feasible that choking risk is further heightened with BLW due to the range of textures offered 

from 6 months of age, including hard, fibrous, and crunchy textures. Rapley (60) states that an 

individual of any age who is capable of chewing does not require purees or spoon-feeding. This 

contrasts with research that shows the basic vertical chewing pattern and lack of lateral tongue 

movement in six-month old infants creates a choking risk when crunchy, fibrous, or hard textured 

food is ingested (24, 25, 43). Choking risk with BLW has been examined in several studies. A small 

survey of 92 BLW infants and 63 TSF infants reported no differences in choking incidences (68), but it 

was not reported if parents were educated on the difference between gagging and choking. Another 

study reported at least one choking episode in 32.6% of their participants (n=199), with 71.4% of 

those choking incidences caused by a whole piece of food (69). Brown et. al. conducted an 

observational study on 1151 infants showed that 11.9% of the strictly BLW group, 15.5% of the 

partial BLW group, and 11.6% of the TSF group had at least one choking episode (70). However, the 

authors acknowledge a potential bias with recruitment methods, resulting in a self-selected sample 

with more educated and older mothers, as well as participants who are well-educated about BLW.  

 

Rapley (60) proposes that breastmilk or formula should be the main source of nutrition for an infant 

until 12 months of age and be offered on demand with the timing be unconnected to 
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complementary feeds. In contrast, the MoH and Plunket recommend that breast or formula milk 

feeds are recommended to be offered before a solid feed until 8–9 months, as this is the primary 

and most important source of nutrition until this age (23, 71). From 8–9 months, it is recommended 

that complementary foods are offered before a milk feed (23, 72). Breast or formula milk remains an 

important source of nutrition from 6–12 months, but it is not sufficient to fulfil all the infant’s rapidly 

growing requirements (22). Brown and Lee (2013) showed a difference in the number of milk feeds 

between BLW and TSF infants aged 6–12 months, with BLW infants having 5–6 milk feeds per day 

and 70% still having night milk feeds, as compared to 4–5 milk feeds a day in the TSF group with 46% 

having night milk feeds (40). Another small study with 15 participants noted that mothers using the 

BLW approach had the attitude of “food before one is just for fun”, and although they would offer 

finger food they were not concerned as to whether it was ingested or not (61). In addition, this same 

cohort reported that milk is sufficient until infants are 12 months old and would prefer their infants 

to receive nutrition from milk rather than solid food. This is somewhat in contrast with Rapley’s 

claim that infants require “frequent opportunities to practice these skills” in reference to chewing 

and self-feeding (60), as if food is a low priority compared with milk feeds these opportunities may 

be scarce depending on the individual infant.  

 

In addition to the choking risk described earlier, there are several other potential negative health 

outcomes associated with BLW that have been investigated to varying degrees. These are 

underweight related to energy intake, iron intake and status, zinc intake and status, and key nutrient 

intake.  

 

Weight is both a concern and a proposed benefit with BLW. It has been noted that the BLW method 

impacts the infant’s ability to consume enough energy which can potentially affect their weight. To 

date, nine studies have investigated the impact of BLW on infant weight (62, 68, 73-79), with a 

varying focus on either underweight as a negative outcome of BLW, or reduction of overweight as a 

positive outcome of BLW. Three of these studies found no difference in weight between TSF and 

BLW infants (73, 76, 79), however one of these studies was the Baby-Led Introduction to Solids 

(BLISS) study (79), a randomised controlled trial (RCT) in which a modified version of BLW was 

developed, where caregivers were provided with specific advice on offering high energy foods at 

each meal. The two other studies were observational and used parent-reported infant weight (73, 

76). Five studies (four observational and one RCT) found that BLW infants had a lower weight than 

TSF infants (62, 68, 74, 75, 78). The focus on these studies varied between investigating prevalence 

of underweight in BLW infants and prevalence of overweight in TSF infants. Overweight and 
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underweight were classified in varying ways. One observational study (62) categorised infants as 

“overweight” if they were over the 85th percentile for infant age and gender on the WHO Child 

Growth Standard charts. Another observational study (68) calculated body-mass index (BMI) z-scores 

using the WHO growth Standards and then calculated BMI percentile ranks using Centres for Disease 

Control and Prevention (CDC) Child and Teen BMI Calculator and the National Health Service Choices 

BMI Calculator. This study found that TSF infants had a significantly higher BMI than BLW infants 

(p<0.05). Rapley herself acknowledges in her 2011 paper (60) that “many self-feeding babies appear 

to eat very little for the first couple of months”, and that this causes concern for parents and 

healthcare professionals “in spite of the fact one of our biggest current public health concerns is 

obesity”, suggesting that potential infant under-nutrition is justified due to the prevalence of adults 

with higher weights.  

 

Weight is a thoroughly researched factor for Māori and Pacific Island peoples, with the research 

extending to infants as young as three months (59). Higher body weight as a child is proposed to be 

a risk factor for cardiovascular health (80), type 2 diabetes (81), mental health (82), but not 

educational achievement (83). A systematic review of studies examining the association between 

coronary heart disease (CHD) and higher BMI of people aged 2–30 years showed that BMI was 

positively related to CHD (80), however dietary intake and physical activity were not adjusted for. 

Such considerations are important given that healthy lifestyle habits are associated with significantly 

lower mortality rates regardless of BMI (84).  

 

In contrast to these findings, low birth weight and malnutrition are key determinants of childhood 

communicable disease and adulthood non-communicable disease and are concerns for Māori and 

Pasifika children (85), however there is a lack of recent robust research. In 2007, more Māori infants 

were born small for gestational age as compared to non-Māori, with the risk positively correlated 

with social deprivation index (86). Subsequent weight gain in the first two years of life is more rapid 

than that of non-Māori, but possible causal links between low birth weight and subsequent rapid 

weight gain in infancy have not been well researched. Regardless of weight, the concept of passively 

accepting under-nutrition through BLW is unsafe and predictive of increased chances of childhood 

communicable disease for Māori and Pasifika infants (85).   

 

Both iron and zinc intake and status of BLW infants is a commonly cited concern amongst healthcare 

professionals (31, 64). With the nature of BLW being that infants are given family foods in their 

whole form, iron and zinc-rich foods tend to be meat which could be more difficult for an infant to 
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form into a soft bolus and swallow. Foods that are easy to grasp and often offered early during BLW 

tend to be fruits and cooked vegetables which are typically low in iron (39, 69). A study by Morison 

et al. (2016) suggests that BLW infants have a lower iron (1.6 vs. 3.6 mg, p < 0.001) and zinc intake 

(3.0 vs. 3.7 mg, p = 0.001) than TSF infants (64). In contrast the BLISS study showed no statistical 

difference in zinc and iron intake between BLW and TSF infants (87, 88), however it should be noted 

that the BLISS BLW cohort were provided with specific advice to provide iron-rich foods, which by 

extension would increase the intake of zinc-rich foods. Alpers (2019) had similar findings (89), but 

unlike the BLISS study did not offer advice around the types of food that should be offered. 

 

Iron and zinc status amongst BLW infants has also been a concern for healthcare professionals (31, 

64), however iron intake is not predictive of iron status (90). Little is known about iron status in BLW 

infants. Three studies have examined iron and/or zinc status to date with conflicting findings. 

Hanindita et. al. (2019) found that in a cohort of 30 infants aged 9-15 months, 50% of whom were 

classified as BLW and the other 50% as TSF, there was a significantly higher rate of IDA amongst the 

BLW group than the TSF group (p < 0.001) (63). However, this is a very small study, and the infants 

were recruited from hospitalised children, although those with chronic conditions were excluded. A 

second study by Dogan et. al. (2018) examined 280 infants who were recruited at 5-6 months of age 

and had haematological parameters assessed at recruitment and again at 12 months of age. The 

infants were allocated into either a BLW group (n=142) or a TSF group (n=138), and at 12 months 

there were no significant differences in haemoglobin (p=0.52), transferrin saturation (p=0.9), or 

ferritin (p=0.96) (75). However, while this was a large prospective RCT, only breastfed infants were 

studied, and it is possible that formula fed infants would have a different growth trajectory. 

Additionally, all parents in this study were recommended to offer iron-rich foods from the start of 

complementary feeding. A similar but more overt approach was taken in the BLISS study, which 

investigated the iron status in infants who followed a version of BLW modified to prevent iron 

deficiency (ID) (87). The BLISS study compared 73 TSF infants and 82 modified-BLW infants, and 

found no significant differences in plasma ferritin, body iron, prevalence of depleted iron stores, 

early functional iron deficiency or iron deficiency anaemia (IDA) (all p≥0.65). However, parents in the 

modified-BLW group were provided with detailed support and advice on including iron-rich foods at 

each meal, as well as being given complimentary iron-fortified infant cereal so this is not a clear 

indication of the true impact of BLW in its pure form. 

 

Given the significant disparities in nutrition-related health outcomes of Māori and Pasifika infants 

and children in NZ it is important to consider if the impact of BLW on dietary iron intake and iron 
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status in the context of indigenous health. To date there is just one study adequately examining iron 

status by ethnicity in NZ by Grant et. al. (2007). Iron status was investigated in 324 infants, and ID 

prevalence was significantly different amongst ethnicities, with 20% in Māori, 17% in Pasifika, 27% in 

“other”, and 7% in New Zealand European (NZE) (p=0.005). Socio-economic status and social 

deprivation were ruled out as confounding variables, and infants with c-reactive protein over 4 mg/L 

were excluded. Low birth weight was adjusted for. Virtually no specific research on the dietary iron 

intake of Māori and Pasifika infants in NZ exists. Most recently the BLISS study had a control group of 

77 TSF infants who did not receive dietary advice. On average, the infants dietary iron adequacy was 

poor (87). An earlier 2002 study conducted on European infants in Dunedin born between October 

1995 and May 1996 similarly found inadequate iron intake (91). Another small South Island study in 

2003 showed 15% of infants and 66% of toddlers having poor iron adequacy (92, 93). If BLW 

continues its trajectory in popularity and become widely adopted amongst Māori and Pasifika 

whānau, there could well be further impact on iron status and iron intake. 

 

Proposed benefits of BLW that are supported by the literature are improved satiety responsiveness, 

reduced food fussiness, and lower parent stress around feeding. A fundamental aspect of BLW is 

infant self-feeding, which naturally lends itself to a responsive style of feeding controlled by the 

infant. This promotes satiety responsiveness in the infant, as they are in control of what and how 

much they choose to eat. Increased satiety and food responsiveness is associated with post-prandial 

glucose response (94, 95), and from a psychological perspective an improved relationship with food 

and eating (94-96). A longitudinal study showed that BLW infants were rated as being less fussy by 

their mother at 18 to 24 months than TSF infants, however when responsive feeding practices in the 

TSF group were adjusted for the difference in food fussiness was no longer significant, suggesting 

the responsive feeding aspect is responsible for decreased fussiness (62). This is consistent with 

other studies that show that controlling and restrictive parent feeding styles lead to increased food 

intake when control is lifted (97, 98), and that food fussiness increases when pressure to eat is 

applied (99, 100). Compounding this, controlling parental feeding practices are associated with a 

decreased ability of the child to regulate their appetite (101, 102).  

 

These benefits of BLW and responsive infant feeding practices described above also mirror those of 

mātauranga Māori of infant feeding. Mātauranga Māori holds that infant feeding practices are 

spiritual, intuitive, instinctive, and natural. Māori and Pasifika people had many healthful, 

responsive, and whānau-centric infant feeding practices pre-colonisation. These practices were 

largely lost through colonisation and the subsequent decades. The health of Māori and Pasifika 
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children has concurrently declined, with Māori and Pasifika infants bearing an inequitable burden of 

disease today. The proposed benefits of BLW described above have been well researched (62, 73, 

94-98), with the responsive aspect of infant feeding also being widely researched (103-106). In the 

present day, whānau are starting to make a return to these traditional ways of infant feeding (47). 

These practices are whānau-centric, with pēpi (baby(s)) sharing whānau meals of traditional kai in a 

modified form (pureed or finger foods). This is also seen by Māori as a way to decolonise through kai 

(47). Best practice for infant feeding has been widely researched; the advice signifies a return to 

mātauranga Māori infant feeding. 

 

 

Pouch-feeding 

Unlike TSF and BLW, pouch-feeding is not a conscious and clearly defined method of feeding with 

purposeful goals: rather, it is a method of feeding borne out of convenience and opportunity. The 

food offered in pouches is generally similar to that in baby food jars and tins, however there is 

concern around the nutrient content of pouches and the impact on eating behaviour and oral motor 

skill development. Questions around safety and environmental sustainability have also been raised. 

Overall, there is very little research into the impact of pouches due to their relatively recent surge 

onto the commercial baby food market.  

 

Pouches have dominated the commercial infant food market in recent years but were first 

conceptualised and introduced in 2007 in the United States (107). Pouches have grown exponentially 

in popularity internationally, with one third of American infants aged 6-12 months consuming at 

least one pouch per week by 2016 (108). A small observational study in 2017 in the United States 

found that 28% of pre-school children’s lunch boxes contained at least one pouch, however there 

were only 50 children in this study (109). Tedstone et. al. (2019) found that 35% of all commercial 

infant foods in the UK were packaged in pouches (110), however another exhaustive study the same 

year found 54% of all infant foods are packaged in pouches (111). There is scarce research 

investigating the prevalence of commercial infant food packaged in pouches, but as the proportion 

grows it is likely that the prevalence of use will also increase.  

 

From a nutrition perspective a common theme is sugar content of pouches relative to commercial 

infant food packaged in tins, boxes, and jars. Sugar content of pouches has been quantified in nine 

studies (112-120) and compared to other commercial infant food in three (112, 117, 118). All three 

comparative studies found that sugar was higher in pouches than in infant foods packaged in jars, 
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tins, and boxes. Overall sugar content of pouches is as high as 84-98% of total energy (113, 114), 

which suggests that if pouches become the predominant form of packaging for commercial infant 

food, then sugar intake would increase.  

 

High sugar intakes have an established negative effect on the rate of dental caries in young children, 

but another aspect of pouch use when the mode of delivery is direct feeding from the pouch nozzle 

is that the teeth and/or gums of the infant are bathed in the puree, which adheres to the surface of 

the tooth more easily than chewed textured foods (114). Compounding this, the acidic properties of 

fruit pouches further impacts the tooth enamel, thus further increasing the risk of dental caries 

(113). It has been suggested that weight is associated with a higher sugar intake, however a 2021 

study that quantified consumption of fruit pouches in relation to BMI z-score at 18 months of age in 

1499 children found that moderate fruit pouch consumption was not correlated with weight when 

other factors were adjusted for (121). This study looks at 18-month-old children, and the longer-

term effects are not currently known. Additionally, exposure to sweeter foods may impact sweet 

taste preferences that can last into adulthood (113).  

 

The pureed texture has been cited as a concern for appropriate gross oral motor skill development 

in infants. Many baby food pouches are marketed at infants over the age of 8 months and up to as 

old as 12 months (112, 117), and over 92% of pouches sold in NZ have little to no textural complexity 

(119). At the other end of the spectrum over 21% of pouches are also advertised as “4 months +”, 

encouraging the early introduction of complementary foods (114, 119).  

 

These concerns are partially predicated on the assumption of direct feeding of the pouch via the 

nozzle. Textural and nutrient issues would remain regardless of the mode of delivery, but certainly 

other concerns could be offset by spoon-feeding the pouch. A UK-based study assessed feeding 

advice on pouches and found that a third of pouches did not provide feeding advice on the label 

(122). It is not currently known how caregivers are feeding their infants when using pouches in NZ.   

 

There are many concerns and questions around the use of commercial infant food pouches, some of 

which have started to be investigated as previously described, and others that remain to be 

elucidated – particularly around social aspects of feeding and the impact on the child’s relationship 

with food and eating. Additionally, the impact of the explosion of pouches onto the market may 

have significant implications for Māori infants. One study in 2007 showed that commercial infant 

food is offered more frequently than home-made food and is an established risk factor for IDA in 
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Māori infants (58), however this is conflicted by a more recent small qualitative study showing a 

general distrust of commercial infant foods by Māori whānau (47). There is no available research on 

use of commercial infant foods by Pasifika families, but Pasifika infants would have a similar risk 

profile to that of Māori if the use of commercial infant food is similar.  

 

 

Ethnic Prevalence Within Feeding Methods 

Research into ethnic prevalence within feeding methods is lacking in NZ, with brief insights from two 

observational studies (69, 76). Fu et. al. (2018) conducted an online survey and analysed responses 

from 876 parents in NZ who were recruited at random: 72% used TSF, 18% followed full BLW, and 

11% followed partial BLW (76). Within the full BLW group, 77% were NZE, 15% Māori, and 3% 

Pasifika. Similar numbers appeared in the partial BLW group: 78% NZE, 15% Māori, and 5% Pasifika. 

The average age of the child was 16.9 months.  

 

Cameron et. al. (2013) conducted a similarly designed study of 199 participants aged 6-7 months, 

and found that within the BLW group, 64.7% were NZE, 0% Māori, 0% Samoan, with “other” 

ethnicities (excluding Indian, Chinese, and English reported on individually) grouped together with a 

prevalence of 5.9%. Numbers were slightly higher in partial BLW group: 76.2% were NZE, 9.5% 

Māori, 0% Samoan, and 7.1% “other” (69).   

 

This indicates that while BLW in NZ initially appeared to be a primarily Pākehā phenomenon, there 

may be increasing uptake by Māori, and to a lesser extent Pacific Island whānau in NZ.  

 

 

First Foods and Timing of Introduction 

The recommendations for the timing of introduction to complementary foods has evolved over time. 

In the 1960s infants were first exposed to complementary foods at 8 weeks of age on average, with 

most being introduced by 4 months of age (123, 124). In the 1970s it was recommended to wait until 

after 4 months of age, based on an assumption that early exposure to gluten was responsible for an 

increase in the incidence of coeliac disease (125). With a rising awareness and prevalence of allergy 

diagnoses in the 1990s it was recommended to wait until after six months to commence solid foods 

(126). It now agreed that the introduction of solids before four months of age provides a significant 

risk for gastrointestinal, respiratory disorders, and increased weight gain (127-131), while late 

introduction (after six months) increases the risk of food allergies. The current recommendation for 
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the introduction of complementary foods is at around six months of age when the infant is showing 

developmental signs of readiness (22, 132).  

 

Early introduction of complementary foods is a common practice amongst Māori and Pasifika 

whānau in NZ. The GUINZ study provides insight into non-timely introduction of complementary 

foods in NZ. A 2022 paper showed that 40.2% of infants introduced early at ≤ 4 months of age, and 

3.2% introduce late (≥ 7 months) (133). This cohort were stratified by ethnicity, showing that 57.3% 

of Māori and 45.6% of Pasifika infants were introduced to solids early (≤4 months), compared to 

35.9% of European infants. An earlier 2007 study showed that amongst a cohort of 318 NZ infants, 

21.3% first had solid food between 0-3 months of age, and 31.4% between 4 and 5 months of age 

(58), however this was not stratified by ethnicity.  

 

An earlier 2018 paper from the GUINZ study showed that 62.6% of NZE parents, 39% of Māori 

mothers, and 49.4% of Pacific Island parents were introducing solids at around 6 months of age, and 

that Māori ethnicity (vs European ethnicity) is predictive of early introduction to solid foods (134). 

Furthermore, the prevalence of infants offered solid foods prior to the age of 4 months has not 

changed significantly since 2006/2007 (135). Two qualitative studies exploring Māori whānau beliefs 

around infant feeding identified that guidelines for introduction of complementary foods are rigid 

and not applicable to Māori infants (18, 47). This is echoed by research done with Pasifika families, 

showing that solid food is introduced around three months of age, and although some mothers 

report starting solids as early as 6 to 8 weeks of age (19, 52), little literature supports this claim. The 

main reason for early weaning is due to mothers needing to return to their employment (19). 

Another reason for early weaning was that some parents felt that Pacific Island infants feel hungrier 

than Palangi (European) infants, so the age recommendations for complementary feeding do not 

apply to them (18). 

 

Given that Māori and Pasifika infants carry an inequitable burden of childhood illnesses, particularly 

lower respiratory tract infections (136), the common practice of early food introduction in these 

population groups may be one contributing factor. Whether it is the early introduction of solid food, 

or early cessation or reduction in breast milk that is implicated in the increased rate of infections has 

been studied. Forsyth et. al. (137) investigated the independent effect of early introduction to 

complementary foods in a developed country and found no significant association between early 

introduction and gastrointestinal illnesses. However, there was an increased rate of respiratory 

illnesses associated with early introduction of complementary foods, which persisted when a 
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smoking household and low socioeconomic conditions were adjusted for. It was not clear if the 

respiratory symptoms were atopic in nature, or due to recurring infections. A seven-year follow-up 

study of this same cohort suggested that breastfeeding and later introduction of complementary 

foods may have a favourable effect on the probability of respiratory illnesses during childhood. It is 

therefore likely that both the early feeding and the subsequent cessation or reduction in 

breastfeeding play independent roles in increased childhood respiratory illnesses.  

 

The types of first foods offered are also an important factor in health outcomes. Infant iron stores 

are depleted by about six months of age, so it is important that iron-rich foods are offered early, 

along with a variety of fruits and vegetables to ensure the infant is receiving a range of fruit and 

vegetables (132). Common first foods for all ethnicities in NZ are pureed fruits, vegetables, and soft 

cereals (18, 133). A 2022 paper from the GUINZ study showed the prevalence of food groups 

introduced early were breads and cereals (36.3%), iron-rich foods (34.1%), and fruits and vegetables 

(23.8%) (133).  

 

Traditional cultural Māori and Pasifika values around first foods have been described in several 

qualitative studies. Giving whole foods, such as fruits and vegetables grown by the whānau or 

extended whānau, as first foods is a traditional cultural practice for both Māori and Pasifika whānau 

(18, 47). Older generations of Māori and Pasifika parents and grandparents typically do not approve 

of commercial infant foods and consider fresh fruit and vegetables to be optimal first foods (18). 

Common traditional Pasifika first foods include sua alaisa (coconut and rice soup) for Samoan ‘aiga, 

pia (arrowroot) and mokomoko (coconut milk) for Cook Island whāmere (18). Adapting whānau 

meals for Māori and Pasifika infants is another common traditional practice where either cooking 

methods and foods are adapted so they are suitable for pēpi, or a small amount of the food for the 

main meal being placed in a separate pot without salt or other inappropriate additives, and then 

cooked and pureed for pēpi, thus assimilating pēpi into whānau foods from the start of 

complementary feeding (47).    

 

The early infant feeding practices described in this section can have far-reaching effects on the 

health and wellbeing of infants – effects that can be life-long. A shift for Māori whānau to traditional 

cultural feeding practices has started to emerge which may help redress the current health 

inequities faced by this vulnerable group (47). Less is known about the present-day prevalence of 

traditional cultural infant feeding practices in Pasifika communities. Understanding the nutrient 

intake of infants alongside current infant feeding practices helps provide a more complete picture of 
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the nutritional status of our infants in NZ. The next section is dedicated to describing the current 

evidence for key nutrients for infants.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



43 
 

Section 2: Key Nutrient Intake for Infants 

 

The traditional approach to infant feeding by Māori and Pasifika whānau is a holistic approach 

involving many interconnected behaviours, rituals, and traditions. Indeed, this is also true for many 

cultures and varies the world over. As such, the examination of individual nutrients cannot always be 

extrapolated to specific health outcomes, and the bigger picture should be considered. However, 

understanding intake of specific nutrients provides a solid foundation for understanding the overall 

nutritional status of infants, and helps identify opportunities for improving the infant’s nutrition 

status.  

 

Appropriate adequate nutrition is a vital aspect of an infant’s growth and development in their first 

year of life. From 6 months of age, infants require enough essential nutrients through consumption 

of complementary foods to support their rapid growth. Proportionally, the nutrient requirements of 

an infant per kilogram of body weight is greater than that of any other stage in the life cycle (138), 

consequently complementary foods need to be nutrient dense. The average energy intake of breast-

fed weaning infants is lowest between 6 and 8 months of age at ~837 kJ/day (139), and increases 

from 9-11 months (139). As a result of the lower average energy intake from 6-8 months, first foods 

need to have a high nutrient density to ensure the infant is able to meet all of their nutritional 

requirements.  

 

Whilst all nutrients have important roles and are necessary for optimal health, some nutrients can 

be harder for infants to obtain – such as iron and zinc which are found in tougher textured foods, 

and are particularly important for the infant’s rapid growth and development (140).  

 

Internationally, the literature examining infant nutrient requirements is largely focussed on nutrients 

that present public health challenges worldwide, and this has informed the choice of nutrients 

examined in the present study. Dietary energy, whilst not a nutrient, is included in this review, as it is 

crucial for the physiological needs of the infant (141). Vitamins A, D, C, B12, folate, thiamine, 

riboflavin, and niacin deficiencies have been identified internationally in the context of socio-

economic hardship (140). Similarly, deficiencies of phosphorus, magnesium, iron, zinc, iodine, 

fluoride, and selenium have also been identified in a public health context internationally (142). 

Deficiencies of vitamins E, K, pantothenic acid, biotin, calcium, copper, molybdenum, chromium and 

manganese do not present a public health concern as they are only found in severe disorders or as 

side effect of medical treatment (140).  
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In NZ, the nutrient deficiencies that pose a public health concern are energy, protein, fat, 

carbohydrate, iron, fluoride, iodine, selenium, zinc, and vitamins A, D, B12 (85, 140, 141, 143, 144). 

Whilst calcium and vitamin C are not nutrients of concern in terms of deficiencies, they act as 

absorption modifiers for iron and are therefore important to consider (141). Dietary fibre on the 

other hand does not have a recommendation for infants under 12 months, although it can impact 

energy intake and nutrient absorption (145-147). Vitamin D comes primarily from non-dietary 

sources, while fluoride is mostly obtained from water and toothpaste, so evaluating these nutrients 

in the context of dietary intake is likely to give misleading information about the infant’s true status. 

Iodine, folate, and selenium are also challenging to assess with FoodWorks data not providing 

reliable data for these nutrients. For this reason, the following section focusses on energy, protein, 

fat, carbohydrate, iron, zinc, calcium, and vitamins A, B12 and C.  

 

 

Nutrient Recommendations: Definitions 

The recommendation for a given nutrient is based on the amount of the nutrient that must be 

consumed regularly to maintain the good health of an otherwise healthy individual, with the 

assumption that all other energy and nutrient requirements are also met (148). The Recommended 

Dietary Intakes (RDI) were developed for each nutrient in 1991 (149, 150), and are defined as “the 

levels of intake of essential nutrients considered, in the judgement of the National Health and 

Medical Research Council (NHMRC), on the basis of available scientific knowledge, to be adequate to 

meet the known nutritional needs of practically all healthy people” (149). When developing the RDIs 

an extensive range of factors affecting absorption and metabolism were considered, and while they 

are appropriate to apply to groups, they are not appropriate for assessing an individual’s dietary 

needs. As a result, a set of values for each nutrient has been developed in the UK and by the Food 

and Nutrition Board: Institute of Medicine (FNB:IOM) to help prevent widespread misuse of the RDIs 

in relation to individuals (151-157). In 2006, the Working Party for the NHMRC established 

comprehensive recommendations for nutrient intake for Australia and NZ (141). The 

recommendations aim to not just achieve adequate sustenance but to also reduce chronic disease 

risk. The Working Party for the NHMRC adopted the FNB:IOM guidelines, but adapted the 

terminology – in particular, retaining the “Recommended Dietary Intake” term (141). The adapted 

definitions are summarised in table 1.   
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Table 1. Adapted definitions from FNB:IOM for dietary recommendations 

Terminology Definition 

EAR (Estimated Average Requirement) Daily nutrient level estimated to meet the requirements of half 

of the healthy individuals in each life stage and gender group. 

RDI (Recommended Dietary Intake) Average daily dietary intake of a nutrient that is sufficient to 

meet the requirements of 97-98% of healthy individuals in each 

life stage and gender group. 

 

AI (Adequate Intake) (used when an RDI 

cannot be determined) 

Average daily intake of a nutrient based on observed or 

experimentally determined approximations or estimates of 

nutrient intake by a group(s) of apparently healthy people that 

are assumed to be adequate. 

 

EER (Estimated Energy Requirement) 

 

Average dietary energy intake predicted to maintain energy 

balance in healthy adults of a specific age, gender, weight, 

height, and level of physical activity that is consistent with good 

health.  

 

UL (Upper Limit) The highest daily intake of a nutrient that is likely to pose no 

adverse health effects to almost all individuals in the general 

population.  

Note. Reproduced from National Health and Medical Research Council. (2006). Nutrient Reference Values for Australia and 

New Zealand: including recommended dietary intakes (Version 1.1 updated March 2017 ed.): National Health and Medical 

Research Council. 

 

When developing estimated average requirement (EAR) values, all available evidence for each 

criterion is critically evaluated with a rationale provided for the final choice (158). The EAR implies a 

median rather than a mean and is appropriate for research purposes as it is better applied to groups 

than individuals. As the EAR will be inadequate for 50% of a given group, any individual in a group 

who is consuming the EAR for a nutrient has a 50% chance of their intake being inadequate. The EAR 

data was extrapolated for use in infants aged 7-12 months using a reference body weight of 9 

kilograms and a growth factor of 0.3. 

 

The RDI value of a nutrient is calculated using the EAR. An RDI, which refers to the average daily 

intake of a nutrient that will meet the needs of the majority of healthy individuals within a set life 

stage or gender group is set at 2 standard deviations (SD) above the EAR, assuming that an SD is 

available, and the EAR data is symmetrically distributed (159). In the case of no SD being available 
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for the EAR a coefficient of variation (CV) is used. Typically, this is set at 10% for the EAR unless data 

supporting greater variation exist (160, 161), thus the RDI would be 1.2 x EAR (141). 

 

In the case of insufficient or conflicting evidence for establishing an EAR (and thus an RDI), an AI is 

established. This is determined using either experimental evidence, or by assessing recent median 

population intake with the assumption that Australian and New Zealand populations are not 

deficient in the nutrient at hand. AIs are susceptible to greater errors as they rely upon greater 

subjective assessment and may differ greatly to the RDI if an RDI was able to be set.  

 

An upper limit (UL) has been determined for nutrients where applicable, and reflects the highest 

daily amount of a nutrient an individual can have without risking adverse health effect, and is 

applicable to almost all of the general population (141).  

 

In estimating the estimated energy requirements (EER) for infants the equations used are those used 

by the Food and Nutrition Board when the dietary reference intakes (DRI) values for the United 

States (US) and Canada were established (141). The DRIs are a set of reference values used to assess 

and plan the nutrient intakes for healthy people. Total energy expenditure (TEE) was determined in 

14 doubly-labelled water studies in infants (162), which took into consideration age, gender, body 

weight and length. Physical activity level categories were not used, but requirements for growth 

were included in the total energy estimate using estimates from a study examining the energy 

content of tissue deposition (163) along with the assumption of a 50th centile for weight gain (141). 

The relevance of these calculations to infants in NZ is important to consider, given the ethnic 

diversity. Māori and Pasifika adults have a different pattern of tissue deposition with higher bone, 

fat, and muscle mass than their European or Asian counterparts (164-166), and while it is not known 

if this can be extrapolated back to infancy, it is well established that Māori and Pasifika infants tend 

to be heavier than NZE (59, 167, 168). This would have an impact on the EER of Māori and Pasifika 

infants. 

 

 

Dietary Energy and Nutrients: Roles and Recommendations 

Energy 

Dietary energy results from the oxidation of macronutrients and is used for all metabolic and 

physiological functions, including the growth and synthesis of new tissue, heat production and 

muscular activity (141, 148). Basal metabolism and physical activity use the most energy, and 
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encompass all bodily functions necessary for life, including cell metabolism, enzyme and hormone 

synthesis and metabolism, substance transport, organ function, and homeostasis. The amount of 

energy required for these processes differs by age, gender, body size and body composition. The 

rapid growth of infants in the first three months of life uses 35% of energy, which falls to 5% by 12 

months (169). Infants require three times as much energy per kilogram of body weight than adults 

(141), with inadequate energy intake leading to faltering growth, impaired cognitive development, 

and increased risk of disease (170, 171). The impact of BLW and pouch feeding on infant energy 

intake is described in section 1 of this literature review. 

 

The recommendation for energy for infants in Australia and NZ is calculated by age in months and is 

summarised in table 2. 

 

Table 2. Estimated Energy Requirements (EER) of Infants Aged 6-12 months 

Age (months) Reference weight (kg) EER (kJ/day) 

 Boys Girls Boys Girls 

6 7.9 7.2 2700 2500 

7 8.4 7.7 2800 2500 

8 8.9 8.1 3000 2700 

9 9.3 8.5 3100 2800 

10 9.7 8.9 3300 3000 

11 10.0 9.2 3400 3100 

12 10.3 9.5 3500 3200 

Note. Reproduced from Lupton, J. R., Brooks, J., Butte, N., Caballero, B., Flatt, J., & Fried, S. (2002). Dietary reference 

intakes for energy, carbohydrate, fiber, fat, fatty acids, cholesterol, protein, and amino acids. National Academy Press: 

Washington, DC, USA, 5, 589-768. Reference weights from Kuczmarski RJ. CDC growth charts: United States. US 

Department of Health and Human Services, Centers for Disease Control and Prevention, National Center for Health 

Statistics; 2000. 

 

 

Protein 

Proteins are long chains of amino acids which have both functional and structural roles. There are 20 

amino acids, nine of which are essential – meaning they cannot be synthesised by the body. Amino 

acids not only act as the building blocks of proteins, but also the precursors for hormones, enzymes, 

and other essential molecules (141). Dietary protein can be obtained from plant and animal sources, 

and although all essential amino acids can be gained from both, different sources of protein are 

considered higher quality than others. The bioavailability and relative load of essential amino acids, 

along with digestibility are the primary determinants of protein quality (140). Protein sourced from 

animals, such as meat, fish, poultry, eggs, and dairy products contain all nine essential amino acids 
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and are considered high quality, while plant-based protein sources are usually deficient in one or 

more essential amino acids, so a vegetarian or vegan diet needs to ensure a wide range of plant-

based proteins to ensure all essential amino acids are obtained (140).  

 

Unlike fat and carbohydrate, protein does not act as an energy store. As a result, if there is 

insufficient protein intake, as can occur in severe disease or fasting, energy needs take priority and 

protein is lost. If this loss becomes prolonged and significant then muscle loss, including cardiac 

tissue, occurs resulting in protein-energy malnutrition (PEM). This can also occur if the type of amino 

acids is imbalanced, compromising protein metabolism. PEM is uncommon in infants and children in 

NZ and tends to be associated with severe disease and older adults (141), but low intake of protein 

in early childhood can result in stunted growth (172).  

 

The recommendations for Australia and NZ use AI as no RDI was able to be established for protein in 

infants. Infants aged 0-6 months require 1.43 g/kg body weight per day (BW/day), while 7–12-

month-old infants require 1.60 g/kg BW/day (141). Table 3 shows total protein requirements using 

standard reference weights. These guidelines differ from those established by FNB:IOM for the USA 

and Canada (173), who use an EAR of 1.0 g/kg BW/day, and have established an RDA (recommended 

daily allowance, the equivalent of RDI in the US and Canada) of 1.2 g/kg BW/day (173). The rationale 

for the NHMRC recommendations was based on the protein concentration in breast milk (11 g/L) 

multiplied by the average consumption of breast milk (0.6 L/day), whilst allowing for an additional 

7.1 g/day from complementary foods.  

 

Table 3. Protein Requirements of Infants Aged 6-12 months 

Age (months) Reference weight (kg) Protein AI (g) 

 Boys Girls Boys Girls 

6 7.9 7.2 11.30 10.30 

7 8.4 7.7 13.44 12.32 

8 8.9 8.1 14.24 12.96 

9 9.3 8.5 14.88 13.6 

10 9.7 8.9 15.52 14.24 

11 10.0 9.2 16.00 14.72 

12 10.3 9.5 16.48 15.2 

Note. Reference weights from Kuczmarski RJ. CDC growth charts: United States. US Department of Health and Human 

Services, Centers for Disease Control and Prevention, National Center for Health Statistics; 2000. 

 



49 
 

Fat 

Fat is a highly concentrated source of energy at 37 kJ/g, as compared to protein and carbohydrate at 

16.7 kJ/g and is required for the absorption of fat-soluble vitamins (A, D, E, K) (141). Fat occurs in 

three major forms: saturated, cis-monounsaturated, and cis-polyunsaturated. Hydrogenation of 

polyunsaturated fats also results in trans fatty acids (140). Saturated fat is found primarily in animal 

products such as meats, dairy, palm oil and coconut oil, and monounsaturated fatty acids (MUFA) in 

nuts, avocado, seeds, as well as peanut, olive, and canola oils (140). Saturated fats and MUFAs can 

be synthesised by the body, so are not considered essential (174). Polyunsaturated fatty acids 

(PUFA) are classified further as either ‘n-3’ or ‘n-6’, depending on the position of the double bonds. 

The n-3, or omega-3, PUFAs are unable to be synthesised by the human body and are therefore 

considered essential and must be obtained via the diet (141). Food sources of omega-3 PUFAs are 

oily fish, legumes, canola oil, walnuts and in very small amounts in leafy vegetables (174).  

 

Dietary fats primarily play a role in the regulation of cell membrane fluidity and are essential for the 

infant’s developing brain and retina. Fat also helps support rapid weight gain and growth in the first 

year of life (140, 174). Trans fatty acids have a harmful affect as they not only increase the 

atherogenic low-density lipoprotein (LDL), but decrease high-density lipoprotein (HDL) which is 

important for the reduction of LDL (140). An increased LDL and decreased HDL results in an altered 

ratio of total cholesterol to LDL, which is a significant risk factor for cardiovascular disease (CVD) 

(174). Dietary n3-PUFAs have an important role in the reduction of coronary heart disease, are 

required as structural membrane lipids — particularly in developing retinal and nerve tissue — and 

give both anti-inflammatory and cardiovascular benefits (175-183). 

 

The recommendation for fat intake uses AI, and is classified by total fat, n-6 PUFAs and n-3 PUFAs, 

and is summarised in table 4. The AI was established by multiplying the average intake of breast milk 

with the average concentration of total fat, n-6 and n-3 PUFAs in breast milk, then adding the 

median intake of each type of fat from complementary food using data from the US Continuing 

Survey of Food Intake by Individuals (CSFII) (141, 155). 
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Table 4. Dietary Fats Recommendations for Infants Aged 7-12 Months 

Fat Recommendation (AI) 

Total fat 30 g/d 

n-6 polyunsaturated fat 4.6 g/d 

n-3 polyunsaturated fat 0.5 g/d 

Note: Adapted from National Health and Medical Research Council 2006. Nutrient Reference Values for Australia and New 

Zealand: including recommended dietary intakes, National Health and Medical Research Council. 

 

 

 

Carbohydrate 

Carbohydrate can be classified as either digestible or indigestible. Digestible carbohydrates are 

monosaccharides (glucose, fructose, galactose), disaccharides (lactose, sucrose, maltose) and 

polysaccharides (plant starch) (141, 148). Indigestible carbohydrates are soluble and insoluble fibre 

(140). Carbohydrate metabolism begins in the mouth with salivary amylase and is primarily absorbed 

in the small intestine in the case of digestible carbohydrates, and via bacterial fermentation in the 

large intestine for oligosaccharides and prebiotics, resulting in short-chain fatty acids which are 

processed in the liver in the case of acetate, or used directly as energy metabolism by colonocytes in 

the large intestine in the case of butyrate (140).  

 

Dietary carbohydrates primarily provide energy in the form of glucose for cells and the brain which 

requires glucose for metabolism (140, 141, 148). This is of particular importance for infants as their 

brain is large relative to the size of their body (184). Carbohydrates also carry other important 

nutrients such as fibre and B vitamins. Although glucose can also be provided through 

gluconeogenesis, a pathway that is well developed even in premature infants (185), it has not been 

established whether this is sufficient to meet the glucose requirements of infants (141).  

 

There has previously been no RDI or AI set for carbohydrate for Australia and NZ infants, and this is 

mirrored in the USA and Canadian guidelines, as well as the European Union guidelines, which is a 

reflection of the lack of data on essentiality (141, 148, 162). Therefore, the average carbohydrate 

content of breast milk (74 g/L), the average daily intake of milk (0.60 L/day) and a further 51 g/day 

from complementary food, based on findings from the National Health and Nutrition Examination 

Survey (NHANES) III (155) have been used to determine an AI of 95 g/day for 7-12 month old infants.  
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Iron 

Iron is a trace mineral that is critical for the healthy growth and development of an infant and has 

several important physiological functions, including haemoglobin synthesis and oxygen transport 

(140). Iron also has an essential role in the development of the nervous system, with ID in infancy 

being associated with poor behavioural outcomes as well as learning and memory deficits that may 

persist into adolescence (186). Other functional outcomes from ID include reduced attention span, 

reduced exercise capacity, impaired body temperature homeostasis, and impaired immune function 

(140).  

Iron in breast milk is more easily absorbed (49% absorbed (187)) than that from infant formula and is 

sufficient until approximately 6 months of age, at which point iron-rich complementary foods are 

required to meet infants’ iron requirements (188). Haem iron, found in animal products, is much 

more bioavailable (15-35% absorbed) than non-haem iron (2-20% absorbed) which is found primarily 

in plant-based foods (141, 189). The amount of non-haem iron that is absorbed can vary by 1-40%, 

depending on the meal composition (154). Ascorbic acid and the so-called MFP factor (meat, fish, 

poultry factor) enhance the absorption of non-haem iron, whilst phytate, polyphenols, and calcium 

inhibit iron absorption through the formation of complex unabsorbable compounds (141, 154, 188). 

 

An EAR of 7 mg/day and an RDI of 11 mg/day has been set for iron for 7–12-month-old infants in NZ 

(141). In setting the EAR the requirements for absorbed iron at the 50th centile was used in 

modelling, with an upper limit of 10% iron absorption applied. The RDI was established by estimating 

the requirement for absorbed iron at the 97.5th centile, also with an upper limit of 18% absorption 

applied (141). These recommendations are based on a mixed western diet that includes animal 

foods. If an infant is vegetarian or vegan, they have about a 10% iron absorption rate (141), and will 

need a higher intake which has not been specifically set. The UL of safe iron intake for infants aged 

0-12 months is 20 mg/day. This was set by extrapolating from the lowest level of iron intake at which 

adverse effects are observed to the intake level where possible detrimental growth outcomes are 

observed (190).  

 

 

Zinc 

As with iron, complementary foods that are zinc-rich are required from the start of complementary 

food introduction to ensure the infant’s zinc requirements are met. Zinc plays a role in immune 

function, as an antioxidant, in the structural integrity of proteins, and gene expression (191-193). 

Zinc deficiency in infants presents as faltering growth, impaired immune function, altered 
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gastrointestinal function, impaired cognitive development, alopecia, skin lesions, and loss of taste 

and appetite (194, 195).  

 

Dietary zinc is found in a wide variety of foods, with meat, fish and poultry being the richest sources. 

Grains and dairy products also contain a significant amount of zinc. The bioavailability of zinc is 

affected by the dietary components of the meal. Protein binds zinc, and even a small change in 

protein digestion can cause a significant difference in zinc absorption (196). Furthermore, zinc in 

human milk is much more bioavailable and forms soluble compounds in the small intestine 

compared with cow’s milk and soy milk based infant formulas, which have a much lower rate of zinc 

bioavailability (197, 198). It is likely this is due to the phytic acid content, as phytates inhibit zinc 

absorption through the formation of large molecular weight compounds (199). Indeed, a vegetarian 

or vegan diet that has a ratio of 15:1 or greater of phytate to zinc has a 50% higher zinc requirement 

(141).  

 

An EAR for zinc of 2.5 mg/day, and an RDI of 3 mg/day has been set for infants aged 7-12 months in 

NZ. In setting the EAR for infants the adult needs were extrapolated and growth needs were 

factored in. Additionally, the complexity of zinc absorption was considered, with the 

recommendation providing enough absorbable zinc to offset intestinal losses in a typical Australian 

and New Zealand diet (141). A CV of 10% for the EAR was used to set the RDI, as no data was 

available on the SD of the requirement, and it is acknowledged that vegetarian and vegan infants will 

need higher intakes, although what this should be is not formally established. An upper limit of zinc 

intake has been set at 5 mg/day and applies to total zinc intake including supplements and fortified 

food (141). No adverse effects from zinc that occurs naturally in foods has been found (141).  

 

 

Calcium 

Calcium is abundant in human bodies, and is stored in bone from gestation onwards, with 

approximately 80% of calcium accumulated from 24 weeks gestation till term (200). Calcium is 

essential for normal bone development and maintenance, cardiac and muscular function (200), and 

blood calcium is under homeostatic control. Due to the majority of calcium accrual occurring later in 

gestation, pre-term infants are at risk of calcium deficiency (201, 202). In the first 6 months of life 

calcium needs of a term infant are met by breast milk or formula, but requirements exceed that 

provided by milk in the second 6 months of life, with food sources of calcium becoming increasingly 

important (202). Inadequate calcium intake, along with inadequate vitamin D, in infants can result in 
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rickets (201). The proportion of calcium deposition in bone in the first year of life is at least equal to, 

or higher than, any other one-year period in life (202). This likely makes an important contribution to 

the attainment of peak bone mass as an adult which is protective of osteoporosis and fractures in 

later life (141).  

 

Calcium is present in high amounts in dairy, and in smaller amounts in bony fish, legumes, some 

nuts, and fortified foods (141). Calcium bioavailability is impacted by the phytate and oxalate 

content of a meal, so infants who eat a vegetarian diet may have higher requirements for calcium to 

overcome this (141, 203). Infants who eat a vegan diet get less calcium than vegetarian or omnivore 

infants (204, 205), but it is possible for vegan infants to get enough calcium through non-dairy 

sources (203), which may include fortified alternatives. The intestinal absorption of calcium 

supplementation (through tablets or in fortified food products) is similar to that of calcium from 

dairy products (206-209), but supplementation doses of over 500mg saturates the active transport 

mechanism with minimal further calcium absorbed (210, 211). 

 

Calcium recommendations for infants have been based off the concentration of calcium in breast 

milk. For infants aged 7-12 months, an AI of 270 mg/day was established by estimating 126 mg/day 

of calcium from breast milk at this age (212) and adding it to an estimate of 140 mg/day of calcium 

from complementary foods (213, 214), then rounded (141).  

 

 

Vitamin A 

Vitamin A is crucial for normal vision, reproduction, and immune function, and appears as retinol, 

retinoic acid, and retinyl ester. Vitamin A also includes dietary precursors of retinol (carotenoids, in 

particular β-carotene which the body converts to vitamin A) and is expressed as retinol equivalents 

(RE). Retinol is involved in epithelial cell structure (215) and immune function maintenance (216-

218), while retinoic acid is involved in gene expression and is important for normal embryonic 

development (219). Retinoic acid is also required for vision through the maintenance of the rod and 

cone cells and is protective against xerophthalmia (220). Adequate vitamin A intake is associated 

with lower morbidity and mortality in developing countries, and protective in children with serious 

illnesses such as measles in developed countries (221).   

 

Carotenoids are found in abundance in dark leafy green vegetables as well as some orange or 

yellow-coloured fruit and vegetables, such as kumara, pumpkin, carrot, and fruits such as mango, 
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orange, and apricot. Pre-formed vitamin A is found in animal-based food products such as liver and 

eggs which are the richest sources, as well as dairy, and some fatty fish. (222).  

 

The AI for RE for infants aged 7–12 months is set at 430 µg/day. This was calculated by multiplying 

the average intake of breast milk by the concentration of retinol in breast milk, with an additional 

244 µg from complementary food. An UL for vitamin A as retinol of 600 µg/day has been set for 0-12 

months and is based on reports of hypervitaminosis A (141). No UL for β-carotene has been set, as it 

is not necessary to set a UL due to the metabolic conversion of β-carotene being under homeostatic 

control via vitamin A status (141). Excessive supplemental β-carotene of greater than 20 mg/day has 

been associated with an increased risk of lung cancer in smokers and individuals exposed to 

asbestos, but not enough data is available to set a specific limit (223, 224).  

 

Vitamin B12 

Vitamin B12 is essential for the synthesis of fatty acids and DNA (alongside folate), and healthy 

neurological and blood function (141). A severe deficiency in infants results in various neurological 

symptoms, including failure to thrive, anorexia, behavioural difficulties, and developmental 

regression, with the mechanism thought to involve delayed myelination, demyelination of neurons, 

lactate accumulation, and an imbalance of neurotoxic cytokines (225, 226).   

 

Vitamin B12 is found almost exclusively in animal-based foods, which is the primary source for 

humans. These include meat, dairy, eggs, shellfish, and fish (227-229). Milk and dairy products are 

the most common source for children, followed by red meat (230, 231). Certain edible algae are rich 

in vitamin B12, and dried green and purple algae are commonly used to make nori (229). Despite the 

concentration of vitamin B12 in these specific algae, Dagnelie et. al suggest the bioavailability is very 

low (232). In animal-based foods the bioavailability of vitamin B12 varies and typically ranges from 

42-89% depending on the food source, with the rate of intestinal absorption decreasing as dietary 

intake increases (229). It is suggested that the saturation point for intestinal absorption is reached at 

1.5-2.0 µg per meal. Additionally, intestinal absorption is dependent on intrinsic factor (IF) which is 

secreted in the stomach, and can be impaired by infections such as helicobacter pylori (233). 

Deficiency in infants can be linked to the mother’s diet during pregnancy, and low levels in breast 

milk which is also related to maternal status and diet (234-236).  

 

An AI of 0.5 µg/day has been set for infants aged 7-12 months. This was extrapolated from the AI for 

0–6-month infants, which was established based on the average intake of breast milk for this age 
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group. The vitamin B12 concentration in breast milk was multiplied by the average intake of breast 

milk then rounded. As the concentration in breast milk can be variable depending on the mother’s 

vitamin B12 status and intake, a value was taken from a study examining nine well-nourished 

mothers in Brazil, that found a concentration of 0.42 µg/L at 2 months. The concentration dropped 

to 0.34 µg/L at 3 months, but the 2-month value was chosen to ensure adequate intake (141). It is 

recommended that vegan mothers take a vitamin B12 supplement throughout pregnancy and 

lactation that meets the adult RDI of 2.4 µg/day, otherwise the breast-fed infant will require 

supplementation from birth (141).  

 

 

Vitamin C 

Vitamin C (ascorbic acid) is an essential nutrient, as it cannot be synthesised by the human body 

(237). Ascorbic acid is a redox modulator that also maintains the redox homeostasis of other 

antioxidants in the brain, an electron donor for several enzymes, and is protective against N-nitroso 

compound formation in gastric juices. It has also shown as protective against oxidative damage to 

lipids present in human plasma in ex vivo studies (238), but there is no evidence for in vivo. Ascorbic 

acid assists in the intestinal absorption of iron and copper (239, 240), maintenance of reduced 

glutathione (241), sparing of α-tocopherol (242), and maintenance of folate (243). Vitamin C has 

been well investigated for its role in viral infections, including COVID-19 and acute respiratory 

distress syndrome, with convincing evidence for a protective function (244-248). Insufficient vitamin 

C in infants is associated with increased oxidative neuronal damage thereby impacting brain 

development (249). Intakes of <8 mg/day of vitamin C causes scurvy (250), which presents in infants 

as pseudo-paralysis of the limbs and lesions at sites of active bone growth (251).  

Vitamin C is present in a wide range of fruits and vegetables – kiwifruit, citrus, broccoli, and 

blackcurrants are particularly rich sources. However, vitamin C is a very labile nutrient and can be 

impacted by cooking, heat, bruising, storage conditions, season, and transport (141). Research 

investigating the impact of commercial packaging such as jars, tins, and baby food pouches on 

vitamin C content showed the bio-availability of vitamin C is very low at between 0.3 and 26.3% as 

compared to 70 to 90% for a usual intake from whole fruits, vegetables, and supplements (252). 

Absorption from supplements falls to 50% with doses over 1 g/day (253).  

 

An AI of 30 mg/day for infants aged 7–12 months has been set. The rationale for the 

recommendation is clinical scurvy has not been observed in exclusively breast-fed infants, even 

when maternal vitamin C intake is low (141, 254). Breast milk concentration ranges from 30 mg/L to 



56 
 

80 mg/L (255, 256). To obtain the AI, the lower end of breast milk concentration of vitamin C (30 

mg/L) was multiplied by the average intake of breast milk per day (0.78 L/day) and then rounded. 

This was then used to calculate the AI for 7-12 months on a body weight basis (141).  

 

 

Dietary Assessment Methods 

Obtaining an accurate and reliable estimation of the complementary diet of infants is the foremost 

priority when assessing nutrient intake. Methods for gathering and assessing dietary intake vary in 

quality, so it is important to evaluate the method used carefully. Factors to consider with infants are 

that dietary patterns and behaviours change rapidly during infancy, the feeding responsibility may 

be shared amongst multiple adults, and not all food offered to an infant is necessarily consumed. 

Additionally, different data collection methods may be more accurate depending on the nutrients 

being examined (257). Assessment methods include estimated dietary records (EDR), food frequency 

questionnaires (FFQ), weighed dietary records (WDR), and single or repeated 24-hour dietary recalls 

(24h-recall).  

 

EDRs may be subject to recall bias, especially when considering that any uneaten food could be 

spread over several surfaces by the infant and be difficult to quantify from memory. Although the 

WDR gives a greater participant burden, a 2010 systematic review reported that a WDR in infants 

aged 6 months to 4 years was found to provide the best estimate of total energy intake (258). 

Another systematic review found that a 3-day WDR was more accurate than an FFQ for assessing the 

micronutrient intake of infants. 

 

FFQs for infants may be useful to assess nutrient intake and are commonly used, but this is 

dependent on the quality and detail in the information collected (257, 259). There has been a wide 

variation in the number of food items in FFQ validation studies, ranging from 7-191 items, with a 

systematic review suggesting that FFQs are unable to identify ID, and FFQ validation studies in 

infants only gave good correlations for vitamin C (257). Judd et. al. (2020) conducted a 

complementary FFQ (CFFQ) validation for infant nutrient intake in NZ, which showed acceptable 

agreement with a reference 4-day WDR, and good reproducibility (260). Lovell et. al. (2016) 

conducted a systematic review assessing the validity of FFQs and found that ten showed good 

correlation for dietary assessment in children aged 12-36 months of age. However, weighed food 

records and 24-hour recalls have a greater precision than FFQs (261).  
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Weighed diet records create a high participant burden which can result in a poorer quality response, 

or an increased rate of attrition and incomplete data. With young children and infants, this may be 

further complicated by the number of adults involved in providing food for the child, particularly if 

they attend a childcare centre. Furthermore, weighing leftover food may present a particular 

challenge, especially if pureed or wet foods are in the child’s hair, clothes, or on the floor. It has 

been estimated that approximately 10% of  the food served to children under the age of four years is 

left behind (262).  

 

24h-recalls give less participant burden, and correlate well with WDR for micronutrients, although 

unstructured 24h-recalls overestimate energy, fat, protein, and sugar (259). The 24hr-recall 

encapsulates all dietary intake over a 24-hour period, and includes detailed information about the 

food, recipes, cooking methods, beverages, and timing of eating. Props such as cup or spoon 

measures, visual aids, and measuring aids can be used to further enhance the quality of the 

information obtained. A multiple-pass method for 24hr-recalls is now widely used, (263, 264)and 

helps prompt for forgotten foods or other details. A second non-consecutive recall allows better 

assessment of usual intake by adjusting for day-to-day variation (265).  

 

The validity of 24-hour recalls was assessed in a recent study (266).  Kittisakmontri et. al (2021) 

compared a single 24-hour recall to a 3-day weighed food record in infants aged 9-12 months and 

reported acceptable to excellent correlation levels (r = 0.37-0.87) (266). However, the validity of 

some micronutrients, particularly vitamin A, were not as reliable – but this would likely be improved 

upon with a second 24-hour recall. The feasibility of a multiple-pass 24-hour dietary recall method in 

preschoolers was also assessed by Trolle et. al. (2011). The authors determined that this method was 

best used in conjunction with a food record book for recording food when the child is at a childcare 

centre, or out of the home, or with other adults, and that the interview be accompanied by props 

such as cups, spoons, and photos of common items (267).  

 

A less commonly used method of assessing the nutrient intake for infants is assessing the nutrient 

density of the complementary diet. Further developing this idea, a reference nutrient density, or 

“critical nutrient density” can be established (268). If an infant’s diet meets the critical nutrient 

density, this means that the required nutrients will be ingested so long as the required energy is 

adequate. Nutrients of concern are then highlighted by any gaps between the nutrient density of the 

diet and the critical nutrient density. Arguably, it is  appropriate to modify the complementary diet, 
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rather than the milk feeds, thus a focus on the nutrient density of the complementary diet helps 

direct where interventions are needed (268, 269). 

 

Nutrient density has been most commonly used to assess the infant’s diet in developing countries 

where nutrient-sparse gruels and other grains are commonly introduced first foods for infants (270-

272). Nutrient density was also used to examine Canadian infants’ complementary diet, suggesting a 

role for this method in both developed and developing countries (273, 274).  

 

An alternative to nutrient density is the individual dietary diversity score, a core indicator for 

assessing diet quality and adequacy. This is a simplified method to measure and assess the quality of 

an individual’s diet but may not be as precise as a 24-hour recall (275). Additionally, infants have the 

highest requirements for nutrients per kilogram of body weight than at any other life stage, which 

may weaken the accuracy of an individual dietary diversity score when examining the infant’s 

complementary diet.   

 

From a Kaupapa Māori perspective, it is important to consider the relevance and adequacy of these 

tools. The Heart Foundation identified particular challenges with FFQs in terms of cultural 

appropriateness (lack of culturally diverse foods), health literacy, and ease of completing FFQs (276). 

It is possible that a 24-hour recall may be able to be better tailored be culturally sensitive and 

supportive, however little research in this area has been identified. A method of dietary evaluation 

informed by mātauranga Māori, Kaupapa Māori research methods and validation spanning 

hinengaro (mental), tinana (physical), wairua (spirit), and whānau (family) using whānaungatanga 

(respectful collaborative relationships) should ideally be used when gathering and assessing dietary 

data for Māori.   

 

 

Key Nutrient Intake of Infants in NZ 

As described in the previous section, methods for gathering and assessing dietary intake vary in 

quality and type and typically rely upon recall which provides challenges when comparing findings 

from different studies. Additionally, evidence for intake of key nutrients in NZ infants is sparse. The 

2002 National Children’s Nutrition Survey (currently the most recent data available) focuses on 

children aged 5-14 years. It may be possible to assume that this data can be extrapolated to infant 

intake, but the data is two decades old. At the time of the writing, a government-run national 

nutrition survey encompassing infants is in the planning stages. At present, four studies give some 
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insight into the nutrient intake of NZ infants but lack ethnic diversity (64, 91, 260, 277). These 

studies are described in detail below.  

 

An examination of the control group data from the BLISS study in 2015 consisted of 77 infants living 

in Dunedin who received no dietary input. A 3-day WDR was analysed at 7 and 12 months and is 

shown in table 5 (87, 88, 278). Nutrient intake was not stratified by ethnicity in the published papers.   

 

 

Table 5. Nutrient intake from weighed diet records from the BLISS control group 

Nutrient Recommendation† 7 months  
n=77 

12 months  
n=70 

Energy (kJ) 2500-3500 2831 (2728, 2938) 3373 (3179, 3580) 

Protein (g) 14* 16.3 (15.2, 17.5) 28.5 (26.3, 30.9) 

Protein (% energy) Not set 9.8 (9.4, 10.2) 14.4 (13.7, 15.1) 

Total fat (g) 31 33.2 (32.1, 34.3) 33.0 (31.0, 35.0) 

Saturated fat (g) Not set 14.8 (14.2, 15.4) 15.3 (14.3, 16.3) 

Total CHO (g) 95 78.0 (74.1, 82.1) 99 (92, 105) 

Total CHO (% 

energy) 

Not set 46.8 (45.9, 47.9) 49.7 (48.4, 51.0) 

Dietary fibre (g) Not set 2.6 (2.2, 3.2) 7.3 (6.5, 8.1) 

Vitamin C (mg) 30 59.1 (53.9, 64.7) 49.4 (44.5, 54.8) 

Vitamin B12 (µg) 0.4-0.5 0.5 (0.4, 0.6) 1.1 (1.0, 1.3) 

Calcium (mg) 270 399 (365, 435) 556 (502, 616) 

Iron (mg) 11 (EAR 7) 2.7 (1.3, 6.9) 5.3 (3.1, 8.4) 

Zinc (mg) 3 (EAR 2.5) 3.5 (2.7, 4.8) 4.4 (3.6, 5.7) 

Sodium (mg) 170 223 (204, 243) 666 (613, 722) 

Note. Adapted from Baby-Led Introduction to Solids (BLISS) study: a randomised controlled trial of a baby-led approach to 
complementary feeding by L Daniels et al. 2015, BMC Pediatrics, 15(1), 1-15. Values are presented as median (25th 
percentile, 75th percentile).  
*Based on 1.6g/kg body weight  
†Australian NZ Nutrient Reference Values (141). 
 

Although the above data cannot be extrapolated to the general population due to the small sample 

size, it indicates that infants in this study were receiving adequate energy, protein, fat, vitamin C, 

calcium, and zinc. Conversely carbohydrate intake at 7 months of age and iron intake at 7 and 12 

months were inadequate, and sodium intake is high. The iron intake reported is especially 

concerning, as it is well below 50% of the RDI. As previously mentioned, this is a small sample size, 

but it does indicate an urgent need for updated and larger scale research in this area. 
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An earlier 2002 study examined dietary energy, iron, zinc, calcium, and vitamin C intake of 68 

healthy term European infants in Dunedin at 9 months (91). The authors reported energy, iron, and 

zinc intake as inadequate as compared to the UK Reference Nutrient Intakes. Examining the intake 

against the current Australia New Zealand Nutrient Reference Values show inadequate iron intake 

only (table 6).  

 

Table 6. Nutrient intake from estimated diet records of infants aged 9 months 

Nutrient Recommendation* Actual intake (9 months) 
n=68 

Energy (kJ) 2800–3100 3284 (2763, 3868) 

Calcium (mg) 270 542 (385, 684) 

Iron (mg) 11.0 7.0 (3.7, 10.7) 

Zinc (mg) 3.0 4.0 (3.3, 5.1) 

Vitamin C (mg) 30 52 (39, 73) 

Note. Adapted from Heath ALM, Reeves Tuttle C, Simons MS, Cleghorn CL, Parnell WR. Longitudinal study of diet and iron 
deficiency anaemia in infants during the first two years of life. Asia Pacific journal of clinical nutrition. 2002;11(4):251-7. 
Values are presented as median (25th percentile, 75th percentile).  
*Australia New Zealand Nutrient Reference Values (141). 

 

This study had a small non-ethnically diverse sample. Dietary data was collected via an EDR and 

included breast and formula milk feeds. Mothers were provided with detailed written instructions 

for recording the infants’ dietary intake, and they were probed for any missing detail when the EDR 

was collected. Formula milk feeds were recorded and included in the analysis; however, breast milk 

intake was estimated, using the average intake for infants at 9 months of age. Given the small 

sample size and lack of ethnic diversity the findings cannot be extrapolated to the general 

population.  

 

A small cross-sectional study compared the dietary intake of 51 infants aged 6-8 months living in 

Dunedin and Auckland following BLW with those following TSF (64). Infants were classified as either 

European (65%) or “other” (35%). The nutrient intake was stratified by feeding method and is 

summarised in table 7.  
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Table 7. Nutrient intake from weighed diet records of infants aged 6-8 months 

 
Nutrient 

 
Recommendation* 

 
TSF (n=26) 

BLW 

Partial (n=7) Full (n=18) 

Energy (kJ) 2500 (girls) 2800 

(boys)** 

2897 (2718 – 3088) 3073 (2382 – 3115) 2800 (2518 – 3115) 

Protein (g) 14 17 (15 – 19) 18 (14 – 19) 15 (12 – 17) 

Total fat (g) 30 33 (31 – 35) 36 (33 – 39) 36 (33 – 39) 

Saturated fat (g) - 14 (13 – 16) 16 (15 – 18) 17 (15 – 18) 

Carbohydrate (g) 95 82 (75 – 90) 86 (70 – 105) 72 (64 – 82) 

Fibre (g) - 3.6 (2.2 – 5.8) 3.7 (2.1 – 6.3) 2.0 (1.2 – 3.4) 

Iron (mg) 11 3.6 (2.7 – 4.9) 3.3 (1.3 – 8.0) 1.6 (1.2 – 2.1) 

Zinc (mg) 3.0 3.7 (3.3 – 4.1) 4.0 (2.9 – 5.4) 3.0 (2.6 – 3.3) 

Vitamin C (mg) 30 66 (57 – 76) 67 (53 – 86) 46 (38 – 55) 

Vitamin B12 (µg) 0.5 0.5 (0.3 – 0.8) 0.6 (0.3 – 1.1) 0.2 (0.1 – 0.3) 

Calcium (mg) 382 382 (352 – 436) 437 (311 – 616) 318 (290 – 349) 

Sodium (mg) 170 235 (200 – 275) 235 (171 – 323) 232 (178 – 302) 

Note. Adapted from Morison BJ, Taylor RW, Haszard JJ, Schramm CJ, Williams Erickson L, Fangupo LJ, et al. How different 
are baby-led weaning and conventional complementary feeding? A cross-sectional study of infants aged 6-8months. BMJ 
Open. 2016;6(5). Values are presented as mean (SDs).  
*Australia New Zealand Nutrient Reference Values (141). 
**EER for infants 7 months of age 

 

The sample size in this study was very small, non-random, and had mostly NZE participants (77%), 

with all other ethnicities being classified under “other”. A non-consecutive three-day WDR was used 

to obtain the dietary data which was collected over two weekdays and one weekend day. Accurate 

scales were provided to all participants to ensure consistency. Breast milk intake was assumed. 

Although the study was well-designed, the sample size is too small and non-diverse to extrapolate to 

the general population.  

 

A 2019 validation of a complementary food frequency questionnaire conducted a four-day weighed 

food record for 95 infants aged 9-12 months living across NZ, who were primarily NZE and Asian 

(table 8) (260). Breast milk and formula were included in the dietary analysis. The four-day weighed 

food record shows very inadequate intake of iron, with slightly low vitamin E, fat, and carbohydrate.  
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Table 8. Nutrient intake from weighed diet records of infants aged 9-12 months 

Nutrient Recommendation* Four-day weighed record 

Energy (kJ) 2800–3500 3295 ± 810 

Protein (g) 13.6–16.48 26.6 ± 8.8 

Fat (g) 30 33.2 ± 8.7 

Carbohydrate (g) 95 92.7 ± 31.2 

Fibre (g) - 9.3 ± 4.5 

Calcium (mg) 270 478 ± 207 

Iron (mg) 11 1.5 ± 0.6 

Zinc (mg) 3 4.8 ± 1.9 

Potassium (mg) 700 1257 ± 405 

Iodine (µg) 110 49.1 ± 29.6 

Selenium (mg) 15 23.7 ± 7.8 

Vitamin C (mg) 30 64.6 ± 33.6 

Vitamin E (mg) 5 4.8 ± 2.2 

Folate (µg) 80 137.8 ± 74.4 

Thiamine (mg) 0.3 0.8 ± 0.5 

Riboflavin (mg) 0.4 0.9 ± 0.5 

Niacin (mg) 4 6.1 ± 3.0 

Vitamin B12 (µg) 0.5 1.3 ± 0.9 

Note. Adapted from Judd AL, Beck KL, McKinlay C, Jackson A, Conlon CA. Validation of a Complementary Food Frequency 
Questionnaire to assess infant nutrient intake. Maternal & child nutrition. 2020;16(1):e12879. Values are presented as 
mean ± SD.  
*Australia New Zealand Nutrient Reference Values (141).  

 

Using a non-consecutive four-day WDR to assess the nutrient intake of infants is a robust and well-

supported method for obtaining dietary data. There were some limitations to this study, with the 

authors acknowledging that there was no standardisation of scales as participants had the option of 

using their own which may introduce inaccuracies. There were 95 infants who completed this study, 

which was just 51% of those who expressed interest. This suggests the burden of a four-day weighed 

record is too high. There was a risk of self-selection bias as recruitment took place via social media 

and community groups. There was also a lack of ethnic diversity, and it is unlikely these results can 

be extrapolated to the general population.  

Māori and Pasifika infants were not recruited in adequate numbers to stratify by ethnicity in the 

above studies and was not part of their aims, thus very little is known about nutrient intake in these 

groups.  
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The GUINZ study does not look at specific nutrients but does provide some insight with their 

investigation of the adherence to infant nutrition guidelines. These indicate that Māori and Pasifika 

infants have low rates of adherence to several guidelines (279): 

• Exclusive breast feeding till around 6 months of age 

• Eating fruit and vegetables twice or more daily at 9 months of age 

• Inappropriate foods never tried at age of 9 months (sweets, chocolate, hot chips, crisps) 

• Inappropriate drinks never tried at age of 9 months (coffee, cordial, juice, tea, soft drinks) 

This suggests that important nutrients primarily found in fruit and vegetables such as folate, vitamin 

C and vitamin A, as well as those reliant upon these nutrients for absorption, such as iron, may be 

lacking in in the diet of Māori and Pacific infants. However, this needs to be more clearly 

investigated. 

 

These brief insights into the current nutrient intake of NZ infants suggest iron intake is consistently 

inadequate, with intakes ranging from 1.5 – 7 mg/day across all four studies described above 

(n=367) (64, 91, 260, 277). Vitamin B12 intake was inadequate in the full BLW group of one study, at 

0.2 µg/day (n=18), but adequate in the partially BLW and TSF groups (64). Iodine, vitamin E, and 

carbohydrate intake were all low in one study using a four-day weighed food record (n=95). The 

overall findings for all four studies described above are summarised in table 9.  
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Table 9. Comparison of infant nutrient intake in NZ 

Nutrient Heath et. al. (2002) Daniels et. al. (2015) Morison et. al. (2016) Judd et. al. (2019) 

 9 months 7 months 12 months TSF 
6-8 months 

Partial BLW, 6-8 
months 

BLW, 6-8 months 9-12 months 

Energy (kJ) 3284 (2763, 3868) 2831 (2728, 
2938) 

3373 (3179, 3580) 2897 (2718 – 3088) 3073 (2382 – 3115) 2800 (2518 – 3115) 3295 ± 810 

Protein (g) - 16.3 (15.2, 
17.5) 

28.5 (26.3, 30.9) 17 (15 – 19) 18 (14 – 19) 15 (12 – 17) 26.6 ± 8.8 

Fat (g) - 33.2 (32.1, 
34.3) 

33.0 (31.0, 35.0) 33 (31 – 35) 36 (33 – 39) 36 (33 – 39) 33.2 ± 8.7 

Saturated fat (g) - 14.8 (14.2, 
15.4) 

15.3 (14.3, 16.3) 14 (13 – 16) 16 (15 – 18) 17 (15 – 18) - 

Carbohydrate (g) - 78.0 (74.1, 
82.1) 

99 (92, 105) 82 (75 – 90) 86 (70 – 105) 72 (64 – 82) 92.7 ± 31.2 

Fibre (g) - 2.6 (2.2, 3.2) 7.3 (6.5, 8.1) 3.6 (2.2 – 5.8) 3.7 (2.1 – 6.3) 2.0 (1.2 – 3.4) 9.3 ± 4.5 
Calcium (mg) 542 (385, 684) 399 (365, 

435) 
556 (502, 616) 382 (352 – 436) 437 (311 – 616) 318 (290 – 349) 478 ± 207 

Iron (mg) 7.0 (3.7, 10.7) 2.7 (1.3, 6.9) 5.3 (3.1, 8.4) 3.6 (2.7 – 4.9) 3.3 (1.3 – 8.0) 1.6 (1.2 – 2.1) 1.5 ± 0.6 
Zinc (mg) 4.0 (3.3, 5.1) 

 
3.5 (2.7, 4.8) 4.4 (3.6, 5.7) 3.7 (3.3 – 4.1) 4.0 (2.9 – 5.4) 3.0 (2.6 – 3.3) 4.8 ± 1.9 

Sodium (mg) - 223 (204, 
243) 

666 (613, 722) 235 (200 – 275) 235 (171 – 323) 232 (178 – 302) - 

Potassium (mg) - - - - - - 1257 ± 405 
Iodine (µg) - - - - - - 49.1 ± 29.6 
Selenium (mg) - - - - - - 23.7 ± 7.8 
Vitamin C (mg) 52 (39, 73) 59.1 (53.9, 

64.7) 
49.4 (44.5, 54.8) 66 (57 – 76) 67 (53 – 86) 46 (38 – 55) 64.6 ± 33.6 

Vitamin E (mg) - - - - - - 4.8 ± 2.2 
Folate (µg) - - - - - - 137.8 ± 74.4 
Thiamine (mg) - - - - - - 0.8 ± 0.5 
Riboflavin (mg) - - - - - - 0.9 ± 0.5 
Niacin (mg) - - - - - - 6.1 ± 3.0 
Vitamin B12 (µg) - 0.5 (0.4, 0.6) 1.1 (1.0, 1.3) 0.5 (0.3 – 0.8) 0.6 (0.3 – 1.1) 0.2 (0.1 – 0.3) 1.3 ± 0.9 
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There is a clear need for an adequately powered study to provide an accurate insight into the 

current nutrient intake for infants in NZ stratified by ethnicity. Given that ethnicity is the greatest 

predictor of nutrition-related health outcomes in NZ this will help build much better understanding 

around intra-ethnic nutrients of concern. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



66 
 

Section 3: Infant Iron Status 

 

One third of the world’s population is affected by anaemia, with half of all cases due to iron 

deficiency (280). Iron, arguably the most studied of nutrients for infants, is critical for healthy 

development of the central nervous system and motor skills (281, 282). Iron status can be 

determined through various biochemical indices and is complex to measure (188). Studies also use 

different indices and cut-offs, which makes comparison of iron status across populations challenging. 

The effects of IDA on infant motor and neurodevelopment have been extensively studied (283, 284). 

Iron status can be affected by several factors –dietary intake (93, 285-287), infection and 

inflammation (288), low birth weight (289, 290), low socio-economic status (291-293), genetics, 

physiological factors, and ethnicity (58, 92). The evidence for maternal iron status on infant iron 

status is inconclusive (294). The prevalence of ID and IDA amongst infants and toddlers in NZ is 

between 4 and 20% (58, 92, 295), with Māori and Pasifika infants bearing the burden of the highest 

rates of ID (58). However, there is a paucity of evidence and most available studies are somewhat 

limited by their design.  

 

Dietary iron occurs in two forms: haem iron, found in meat, poultry and seafood, and non-haem 

iron, found in both meat and plant-based foods. Haem iron is highly bioavailable and readily 

absorbed in the small intestine, whilst non-haem iron is less easily taken up by the body (141, 189). 

Infant formula is fortified with iron, and while iron concentration in breastmilk is lower, it contains 

lactoferrin which enables very high rates of iron absorption (296). There are several dietary 

modifiers of iron absorption. Calcium and phytates are inhibitory, with cereals being high in phytate 

(297). Cereals are a commonly consumed infant food, and are often fortified with iron, thus some of 

the iron fortification may be offset by the phytate content. Ascorbic acid enhances non-haem iron 

absorption by forming a soluble chelate with it in the acidic conditions of the stomach (298). The 

chelate remains soluble in the alkaline conditions of the duodenum where the iron is absorbed. 

Ascorbic acid is also able to reverse the inhibitory effects of phytates and calcium (299).  

 

 

Iron Status Definitions 

Defining iron status can be complex due to the varying biochemical measures available, with no 

single test available (300), and different markers are often used in conjunction depending on the 

individual to assess iron status. Iron status falls on a continuum, from replete through to iron-
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deficiency anaemia. Commonly used markers with varying cut-offs are haemoglobin (Hb), ferritin, 

and soluble transferrin receptor (sTfR) (280). Other assays can also be useful in certain 

circumstances, such as chronic illness, where the commonly used indices could be confounded. 

These are serum iron, serum transferrin concentration, or total iron-binding capacity which is used 

to identify transferrin saturation.  

 

Haemoglobin concentration is required to diagnose anaemia – where the number of red blood cells 

which are required for oxygen transportations are insufficient (301). Anaemia can result from 

vitamin A, folate and B12 deficiencies, inflammation, parasitic infections, and Hb synthesis disorders 

but is most commonly a result of ID (301). Other factors affecting Hb concentrations are age, sex, 

ethnicity, altitude, smoking, and pregnancy (301). Due to these biological and physiological 

variations Hb is not sufficient on its own to diagnose IDA. Varying thresholds are used worldwide to 

define anaemia, and differ depending on age, sex, and pregnancy. The WHO defines anaemia in 

infants and children aged 6 months to 4 years of age as an Hb of less than 110 g/L – a figure 

extrapolated from older children. In NZ, Starship Children’s Hospital uses the same cut-off of <110 

g/L as the WHO (302), conflicting with the lower cut-off used by Southern Community Laboratories 

(SCL) of <105 g/L. The SCL reference range is in line with the recommendation of <105 g/L by the 

European Society for Pediatric Gastroenterology, Hepatology, and Nutrition (ESPGHAN) (285).  

 

Serum or plasma ferritin is a commonly used marker of iron stores and is highly specific in the 

absence of inflammation. Ferritin is an acute-phase protein and is raised regardless of iron status in 

inflammatory disorders, liver disease, chronic kidney disease, and malignant disease (303). The WHO 

recommend that the inflammatory markers C-reactive protein (CRP) and α-1-acid glycoprotein (AGP) 

are tested to rule out any inflammatory confounders (304). CRP rapidly changes in response to acute 

infection and inflammation, whilst AGP responds more slowly but is sustained for longer than CRP 

(305). Statistically, inflammation may be adjusted for, for example on a continuous scale by the 

BRINDA (Biomarkers Reflecting Inflammation and Nutritional Determinants of Anaemia) method 

(306, 307). Methods for adjusting for the effect of inflammation and infection in studies is to exclude 

those with inflammation, stratification by level of inflammation, or adjusting the ferritin 

concentration in the presence of elevated CRP or AGP. Similar to Hb, there are varying thresholds for 

ferritin cut-offs vary. The WHO recommendation is that a ferritin concentration of <12 μg/L is 

suggestive of low iron stores in children under 5 years of age, which is similar to that of ESPGHAN, 

who give a range of <10–12 μg/L. In NZ the Southern Community Laboratory has a higher cut-off of 

<15 μg/L for very young children (0–2 years), while Starship Children’s Hospital use a cut-off of <10 
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μg/L (302). It has been suggested that increasing the ferritin cut-off to 30 μg/L improves the 

diagnostic accuracy in children, with the sensitivity of a cut-off at 12 μg/L being 25% compared to 30 

μg/L being 92% (308).   

 

Serum sTfR has the advantage of not being affected by inflammation but can be raised in conditions 

that upregulate erythropoiesis (haemolytic anaemia, chronic lymphocytic leukaemia) (309). Raised 

sTfR has also been demonstrated with vitamin B12 and folic acid deficiency regardless of iron status 

(310). The number of transferrin receptors are increased during ID to help regulate iron levels. The 

transferrin receptors on the cell membranes undergo proteolysis, from which the sTfR are produced, 

so increasing ID is correlated with increasing sTfR. It is a highly specific and sensitive measure, with a 

meta-analysis showing a sensitivity of 86% and a specificity of 75% for sTfR (311), however 

standardised reference ranges have not been established worldwide. The receiver operator 

characteristics curve approach for establishing sTfR cut-offs in data analysis is considered reliable in 

studies (312, 313), and body iron — the ratio of sTfR and ferritin — is also a highly reliable method 

for determining tissue ID. Body iron is assessed using the following formula (314): 

 

 

Body iron (mg/kg) = -   log10 - (sTfR x 1000) - 2.8299 
                                   ferritin 

 
         0.1207 

 

 

This index corresponds directly to tissue ID, with a positive value indicative of anaemia due to a 

tissue iron deficit, and a negative value indicating any anaemia is likely due to chronic disease. Body 

iron has been used to determine ID in the NHANES survey (315) but has only been validated for use 

in adults at present (285).   

 

Other measures of iron status that may be useful used in conjunction with other indices are serum 

iron, total iron-binding capacity (TIBC), transferrin saturation, zinc protoporphyrin concentration, 

mean cell volume (MCV), and mean cell haemoglobin (MCH). Serum iron alone is not overly useful as 

it is subject to recent dietary intake, and has considerable variation hour–to–hour and day–to–day 

(285). Transferrin saturation, the ratio of serum iron to transferrin is a better marker than serum 

iron alone, and decreases in the earlier stages of ID (285), but the sensitivity of this marker is not 

high at 61% (316). Zinc protoporphyrin concentration in erythrocytes and the ratio of zinc 

protoporphyrin to haem concentrations may indicate ID (300, 317), but has a low specificity (318). 
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Zinc is used as an alternative substrate for protoporphyrin binding during haem synthesis when iron 

is not available, resulting in a high amount of circulating zinc protoporphyrin – however, increased 

concentrations can also be suggestive of infection, inflammation, lead poisoning, haemolytic 

anaemia, and in haemodialysis (280). Reduced MCH corresponds to hypochromia, and decreased 

MCV is suggestive of microcytic anaemia, but only tend to be abnormal with long-term ID (280, 319). 

Lowered MCV is also an indicator for α-thalassaemia, which is present in approximately 15% of 

Pacific Islanders in NZ (302).  

 

 

Stages of Iron Deficiency 

Iron status is categorised into three distinct stages: iron depletion, iron deficiency without anaemia 

(early functional iron deficiency), and iron deficiency anaemia (320). Progression through the stages 

of ID can be caused by one, or a combination of several factors: inadequate dietary intake, poor iron 

absorption, and increased iron losses. Confounding factors such as chronic disease and inflammation 

make determining the stage of ID challenging, and a multi-parameter model in which multiple 

indices are used is required to identify the stage of ID. The WHO recommend using Hb, ferritin, and 

sTfR to identify the stage of ID (table 10), however body iron described earlier allows for 

inflammation, and has been used in children (315).  

 

Table 10. Progression of iron status by biochemical indices 

Marker Normal iron status Stage 1:  
Iron Depletion 

Stage 2:  
Early functional 

iron deficiency 

Stage 3:  
Iron Deficiency 

Anaemia 

Ferritin Normal Decreased Decreased Decreased 

sTfR Normal Normal Increased Increased 

Haemoglobin Normal Normal Normal Decreased 

Note. Adapted from Suominen P, Punnonen K, Rajamäki A, Irjala K. Serum transferrin receptor and transferrin receptor-

ferritin index identify healthy subjects with subclinical iron deficits. Blood, The Journal of the American Society of 

Hematology. 1998 Oct 15;92(8):2934-9. 

Abbreviations: sTfR – soluble transferring receptor   

 

 

Stage 1, iron depletion, is measured by ferritin and occurs when the body’s physiological need for 

iron is not met. At this stage, other markers for ID are not affected but unless iron supply is 

addressed then ID will continue to progress to the next stage (301).  
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Stage 2, early functional iron deficiency without anaemia, is reflected by an increase in sTfR 

concentration but haemoglobin remains within the normal range (301). As with iron depletion, if 

iron supply to the tissues is not increased, ID will continue to progress and Hb will begin to drop.  

 

Stage 3, iron deficiency anaemia, is indicated by a low Hb concentration due to decreased 

erythropoiesis (301). Other nutritional deficits, as well as some diseases can also result in low Hb, so 

multiple biochemical markers are needed to identify the cause of anaemia (280). These markers may 

include serum ferritin, sTfR, serum iron, and inflammatory markers. Symptoms of IDA can vary, but 

most commonly are paleness, fatigue, dyspnoea, and headache (280). 

 

 

Impact of ID and IDA on Infants 

ID and IDA have several functional consequences for infants and young children, which are 

summarised briefly in table 11. Infants’ risk for ID is greatest from 6 – 12 months of age, coinciding 

with a critical time of rapid growth and brain development (321). Infants with ID are at risk in both 

the short-term and long-term for poor cognitive, motor, behavioural, and neurophysiologic 

development (322). Infants living in low socio-economic areas, those in ethnic minorities, and those 

who are immigrants are at increased risk for ID (323). 

 

Table 11. Functional consequences of iron deficiency 

Reduced cognitive development 

Reduced attention span 

Poor learning and impaired academic performance 

Decreased exercise stamina 

Reduced muscular force and strength 

Impaired body temperature regulation 

Immune deficiencies 

Impaired immune function 

Note: Adapted from Koletzko B, Bhatia J, Bhutta ZA, Cooper P, Makrides M, Uauy R, et al. Pediatric nutrition in practice: 

Karger Medical and Scientific Publishers; 2015. 

 

The impact of ID on cognition and behaviour in infants has been extensively studied. In six case-

control studies the mental development index test scores of children under 2 years of age were on 

average 6 – 15 points lower for those with IDA than those without (324-329). Four of these studies 
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also demonstrated decreased psychomotor development index (324-326, 329). All of the above 

studies controlled for socio-economic status and chronic illness. Recent reviews in 2007 and 2019 

provide further support for these findings (330, 331). In addition to the effect on cognition, ID 

impacts infant and child behaviour. Social-emotional behaviours (wariness, hesitancy, solemnness, 

unhappy, clingy to parent) were markedly different in infants with IDA than those without (332). 

Neurophysiological differences have also been observed and summarised in a 2006 review (332), 

including speed of auditory neural transmission (333, 334), rapid eye movement in sleep (335), 

memory processing (336), and electroencephalogram frontal asymmetry (337). All the preceding 

studies examine the impact of ID in infancy and very young children, but the effects are far-reaching 

through to childhood and adolescence.   

 

An Israeli study examined the developmental quotient (DQ) at 2 years (n=873) and intelligence 

quotient (IQ) at 3 years (n=373), and 5 years (n=230) of age, after Hb was initially determined at 9 

months of age (338). Socio-economic status, birth weight, sex, and the mothers’ education were 

controlled for. The authors found an increase of the DQ and IQ with an increase in Hb, and a 

correlation between Hb at 9 months of age and IQ at 5 years, at which point every 10 g/L increment 

of Hb corresponded with an increase in 1.75 points in the IQ score (338). Similar findings were 

published in a Yugoslavian study, where children were followed from birth to 4 years (339). Iron 

status was assessed at 6, 12, 18, and 24 months (340), and at 3 and 4 years (339), and Hb was 

predictive of IQ at 3 and 4 years (n=332) (339). Another noteworthy study (n=3771) in the United 

States found that anaemia in infancy was associated with placement in a special education class, 

based on criteria for mild or moderate intellectual developmental disorders at age 10 (341). The 

study found that this likelihood of what increased by 1.28 for each decreasing unit of Hb. A limitation 

was that Hb was the only measure of iron status but given how common ID is in infancy it is probable 

that the anaemia was mainly related to iron. Another cohort where iron-deficient infants were 

followed up at 11–14 years (n=167), of the 48 participants who had been given treatment for IDA in 

infancy, all of them tested lower in numeracy, literacy, and motor function compared with those 

who had normal iron status (342). This is supported by other studies which also suggest even with 

supplementation there are ongoing lower scores on cognitive and motor testing through to school 

age and adolescence (343-345). It has been suggested that these detrimental effects may be 

irreversible (346), even in ID without anaemia (281, 282). Considering these outcomes in the context 

of NZ, where Māori and Pasifika children and adults have significantly lower literacy and numeracy 

rates than NZE (347-349), it would be worthwhile investigating what role iron status and early 

intervention might play. 
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Non-Dietary Factors Influencing Infant Iron Status 

Predictors of iron status in infancy are complex and far-reaching (figure 3), but five main non-dietary 

factors impact iron status (350, 351): perinatal iron stores (which may relate to maternal iron 

status), post-natal iron requirements, iron losses, inflammation, and genetics (352-359). 

Confounders of iron status assessment are infection and inflammation (140, 304), 

haemoglobinopathies (309), chronic illness, diurnal variation, sex, and ethnicity (360-362).  

 

 

Peri-natal iron stores 

It has been suggested that perinatal iron status is related to maternal iron status (352, 353). The 

impact of maternal iron status on long-term child health has been assessed in a 2021 systematic 

review and meta-analysis of 44 studies, comprising of 4737 mother-child dyads (294). Maternal iron 

status was measured in late pregnancy using ferritin, and cut-offs for defining iron status varied 

across studies. Serum ferritin was used to determine ID, and maternal and infant serum ferritin cut-

offs ranged from 9–16 µg/L, with one study using a cut-off of <20 µg/L and another <50 µg/L. The 

most common cut-off used was <12 µg/L (n=10). Poor maternal iron status or ID was associated with 

adverse outcomes in children, including infant iron status, Hb, and neurodevelopmental outcomes. 

Maternal ferritin was associated with infant sTfR, but a consistent association with ferritin, 

transferrin saturation, or Hb was not found. Maternal iron overload was associated with childhood 

Type 1 diabetes, and impaired growth and cognition.  

 

Peri-natal iron stores are also affected by prematurity and birth weight. Foetal iron accumulation 

occurs mostly in the third trimester, with about 60% of iron accreted during this time (363). 

Therefore, the more premature the baby, the lower the iron stores will be. Premature infants are at 

much higher risk of either a low birth weight (LBW) (1500 g – 2500 g) or a very low birth weight 

(VLBW) (<1500 g). Term infants may also occasionally have a LBW, which can be caused by several 

factors, including intrauterine growth restriction, preeclampsia, maternal smoking status, maternal 

malnutrition, and a multiples birth (364). LBW and VLBW infants have a more rapid growth in 

proportion to their iron stores at birth which significantly increases their risk for ID and IDA (365). In 

NZ LBW and VLBW infants, and all infants born <37 weeks gestation, are supplemented with 3 

mg/kg/day of iron from two weeks of age, or discharge (366). Iron supplementation has been widely 

studied, particularly in developing countries where ID is commonly a result of parasitic and bacterial 

infections (367). There is a risk of iron supplementation promoting the growth of some bacterial 
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infections by creating an iron-rich environment, but where appropriate treatment is available both 

intermittent and daily iron supplementation reduces the risk of ID and IDA (368, 369). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Factors impacting infant iron status 
Abbreviations: MFP – Meat, Fish, Poultry 
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Post-natal iron requirements 

Post-natal iron requirements for infants in NZ from birth to six months is 0.2 mg/day (AI), which was 

calculated by multiplying the average intake of breast milk for this age group (0.78 L/day) by the iron 

concentration of breast milk (0.26 mg/L) (141). Although breast milk has a low concentration of iron, 

the bioavailability is very high due to lactoferrin (140). Additionally, there is sufficient total-body iron 

to meet the infant’s needs for the first 4 – 6 months of age (285). The recommendation for formula-

fed infants in this age group should be higher due to the decreased bioavailability of iron in infant 

formula, however a formal recommendation for NZ has not been established. ESPGHAN recommend 

that infant formula contain a minimum of 0.3 mg iron/100 kilo-calories (kcal) and a maximum of 1.3 

mg/ iron100 kcal for cow’s milk based formula (370). Iron requirements increase to an RDI of 11 

mg/day from 7 – 12 months of age, when the infant’s stores from birth are depleted (141). The 

rationale for this recommendation has been detailed in section two of the literature review and is 

based on a mixed Western diet containing animal foods.  

 

 

Iron losses 

Iron losses in infants occur through minor insensible losses, and gastro-intestinal (GI) bleeding, 

which is multi-factorial. In developed countries parasite-mediated GI bleeding are uncommon, 

however, GI bleeding from cow’s milk consumption before 12 months of age leading to ID is a 

concern. Cow’s milk as a cause of GI bleeding and ID in infants was first investigated in NZ by Anyon 

et. al. in 1971 (371), who found that GI bleeding associated with prolonged cow’s milk feeding was 

associated with anaemia, using a cut-off of <105 for Hb. The prevalence of cow’s milk consumption 

in infants aged under 12 months has been quantified, with Heath et. al. (2002) finding that 69% of 

European infants were drinking cow’s milk as a beverage before 12 months of age (91). Grant et. al. 

(2003) showed that infants with ID and IDA were introduced to cow’s milk at a younger age than 

those who were iron replete (293). Another 2007 study by Grant et. al. showed that there was a 

higher risk of ID when consuming cow’s milk prior to 12 months of age with no other non-human 

milk (58).   

 

 

Illness and infection 

Chronic and severe acute infections profoundly impact iron metabolism, resulting in anaemia of 

inflammation (372, 373). This change in iron metabolism is mediated by the acute-phase response of 

inflammation (374, 375). Serum ferritin is an acute-phase protein and thus rises, as does erythrocyte 

protoporphyrin, whilst serum iron, TIBC, and serum transferrin saturation decrease (374, 376). This 
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makes establishing iron status challenging, but sTfR is a helpful diagnostic tool as it is not an acute-

phase reactant – especially as serum ferritin can remain high for weeks after recovery (373). The 

pathogenesis of ID due to inflammation is mediated by hepcidin, a hormone synthesised in the 

hepatocytes. An increase in inflammatory cytokines stimulates increased production of hepcidin, 

which acts to lower iron to make it less available as a substrate for pathogens. Hepcidin lowers iron 

by downregulating cellular expression of iron transporters, which blocks intestinal iron absorption 

and results in a lower plasma iron and transferrin concentration. This decreases the iron available for 

erythropoiesis, and can result in anaemia (377).  

 

Gastrointestinal blood loss secondary to Helicobacter pylori (H.pylori) infection is another cause of 

ID, and is prevalent in the tamariki of both Māori whānau and Pasifika community living in NZ (378). 

The H.pylori bacteria lives in the stomach and an infection causes peptic ulcers that are prone to 

bleeding. Infections commonly occur in childhood, with risk-factors including socio-economic status, 

number of people living in the household, bed sharing, and lack of hot running water.  

 

 

 

Genetic variation 

Hepcidin is also crucial in a non-inflammatory state. It co-ordinates contemporaneous control of iron 

transporters and regulatory genes to ensure careful balance between absorption of dietary iron and 

release of iron by macrophages to maintain iron homeostasis (379). Genetic variations in hepcidin 

regulation result in phenotypic idiosyncrasies. This presents as either disproportionate synthesis of 

hepcidin, or the resistance if iron transporters to its effects, placing the individual at higher risk for 

iron overload or deficiency (380). Genetic variation differs between males and females, and it has 

been suggested that sex hormones contribute to some of the variation in hepcidin expression (381-

383). Certain ethnic groups are more likely to have genetic variations affecting hepcidin. Northern 

Europeans are more likely to have mutations associated with haemochromatosis, with a much 

higher rate amongst males than females (384, 385). A very low rate of this variation was seen 

amongst Pasifika adults with a prevalence of 0.01% (385). Overall, most studies investigating genetic 

variations in hepcidin regulation have been conducted on European cohorts, with many of the 

findings not reflected in studies on iron status on cohorts with similar demographic characteristics 

(386).  

 

Another genetic factor impacting iron status and anaemia are the thalassaemias – inherited 

disorders involving damaged or missing genes for haemoglobin, affecting haemoglobin synthesis. 
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The synthesis of the α-globin and β-globin chains are affected, giving α- and β-thalassaemia, 

respectively (387). β-thalassaemia is medically more serious, but α-thalassaemia is more prevalent – 

with over 100 variants of α-thalassaemia with a wide range of phenotypes having been identified 

(388). Observational studies estimate the prevalence of a unique α-thalassaemia trait amongst 

Māori and Pasifika at 16.3–20% (389-392). It is necessary but challenging to distinguish between IDA 

and α-thalassaemia due to the microcytic hypochromic appearance of the haemoglobin, as the 

diagnosis will have clinical implications for the individual. An assumption of ID as the cause for 

anaemia if α-thalassaemia is present can result in iron overload. 

 

 

Dietary Factors Influencing Infant Iron Status 

Dietary iron, with concurrent modifiers and inhibitors, is a key factor impacting iron status. Dietary 

iron can be obtained from a variety of animal and plant sources and comes in two forms: haem and 

non-haem. The absorption of iron is affected by other dietary factors. Vitamin C and the meat-

poultry-fish (MFP) factor enhances the absorption of non-haem iron, while calcium, phytates, 

polyphenols inhibit absorption. Given that breast milk or formula are the sole sources of nutrition 

for the first six months of life and continue to be a significant contributor well beyond six months, 

the iron content and availability is important. Fortified commercial infant food is another common 

source of iron during complementary feeding but can vary depending on the type of food and the 

packaging, with infant food packaged in pouches on average much lower in iron than that in tins, 

jars, or boxes (112).  

 

Haem and non-haem iron 

Iron exists in its ferric (Fe3+) state at a physiological pH and is referred to as non-haem iron. To be 

absorbed, iron needs to be in its ferrous state (Fe2+) or bound to a haem protein, which gives haem 

iron. Haem iron is found in meat, poultry, seafood, and eggs, and is most abundant in red meat, 

liver, oysters, and mussels. The haem iron is proteolysed in the stomach to release the iron from the 

haem molecule, and the iron is then easily absorbed by the enterocytes in the duodenum and 

proximal jejunum (393). Approximately 25–30% of haem iron absorbed, and just 5–12% of non-

haem iron absorbed (394), however non-haem iron accounts for about two thirds of dietary iron 

intake (395, 396). Non-haem iron is found in both plant foods and animal-based foods and must be 

reduced into its ferrous form to be absorbed by the enterocytes. The non-haem iron is proteolysed 

by gastric juices in the stomach, then is reduced to the absorbable Fe2+ by a ferric reductase enzyme 

or ascorbic acid in the brush border of the enterocytes (393, 394). This pH-dependent mechanism 
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can be enhanced or inhibited by several dietary factors. Enhancers are vitamin C, MFP factor, and 

inhibitors are phytates, polyphenols, and calcium. 

 

 

Absorption modifiers of iron 

Vitamin C is a well-established enhancer of non-haem iron absorption with two mechanisms of 

action. Firstly, it acts to form a soluble chelate with non-haem iron that remains soluble in the 

alkaline conditions of the duodenum and proximal jejunum, thus allowing ready absorption by the 

enterocytes. This affect is dose-dependent, which was demonstrated by Cook et. al. (1977). 

Increasing doses of ascorbic acid, starting at 25 mg and increasing to 1000 mg, were added to a 

liquid meal with 4.1 mg of non-haem iron, resulting in an parallel increase in iron absorption from 

0.8% to 7.1% (397). Vitamin C also acts to reduce the inhibitory impact of calcium, polyphenols, and 

phytate by solubilising the iron which prevents it from binding to these inhibitors and forming an 

insoluble chelate (398, 399). Despite the demonstratably profound effect of vitamin C on iron 

absorption, iron status is minimally affected (400-402), with gastrointestinal adaption to vitamin C 

supplementation has been ruled out as a possible explanation (403). 

 

Another enhancer is MFP factor, a peptide found in meat, fish, and poultry that enhances the 

absorption of non-haem iron when eaten in the same meal. The mechanism is not fully understood, 

but Taylor et. al. (1986) suggest that the effect is likely due to cysteine-containing peptides acting to 

block inhibitors in the lumen of the small intestine, and luminal transportation (404). Absorption of 

non-haem iron with the addition of beef, chicken, or fish was compared to the addition of egg, with 

a 2–3 fold increase in absorption with the beef, chicken and fish as compared to the egg (405). These 

findings are supported by other studies that show a consistently improved absorption of non-haem 

iron when animal protein is present in the same meal (189, 406). However, other studies claim that 

the improvement in iron absorption conferred by MFP factor is less important than the contribution 

of haem iron from those foods (407, 408).  

 

There are several dietary inhibitors of non-haem iron absorption, which are phytates, polyphenols, 

and calcium. Phytates are found in soybeans, black beans, split beans, lentils, mung beans, nuts, and 

un-refined grains (e.g., cereals, bran) and rice. These have a dose-dependent effect on non-haem 

iron absorption (409) and inhibit absorption by binding to the iron and forming insoluble complexes 

(410). Polyphenolics act upon iron in a similar way: for example, the tannins in tea and coffee form 

iron-tannate complexes with iron that significantly decrease non-haem iron absorption (411-413). As 



78 
 

well as tea, polyphenols are also found in oregano, red wine, and many fruits (414). Unlike phytates 

and polyphenols, calcium inhibits both haem and non-haem iron through divalent metal transporter 

1 at the enterocyte (398). It has also been suggested that inhibition might occur when iron is moved 

into circulation via ferroportin and hephaestin peptides (415).   

 

 

Iron content of breast milk and infant formula 

The average iron concentration of breast milk is 0.26 mg/L when the infant aged 0–6 months, with 

levels decreasing as lactation progresses. Ejezie et. al. (2011) measured the iron concentration in the 

breast milk of new mothers on five occasions, 3–15 days after delivery, and found an average 

concentration of 32.79 mg/L. The first measure on day 0–3 after delivery found an iron 

concentration of 43.92 mg/L, while on day 13–15 the iron concentration had dropped to 27.63 mg/L 

(416). The Nutrient Reference Values for Australia and New Zealand (NRVs) cite an average 

breastmilk intake of 0.78 L per day for 0–6-month-old infants, which would give an average of 0.2 

mg of iron per day. This iron requirement is relatively low from 0–6 months compared to 7–12 

months of age as the infant is relatively self-sufficient regarding iron at this time. This is because a 

healthy term infant is born with an average Hb of 170 g/L, which drops during the first six weeks to 

120 g/L (417). Iron is re-distributed from senescent erythrocytes and transferred from Hb to iron 

stores, which then increase in size. As the infant’s blood volume grows with age, iron is moved from 

stores back into the blood pool, until such time as the infant has approximately doubled in weight or 

is about 4–6 months of age (285, 417).  

 

The iron in breast milk is easily absorbed due to the presence of lactoferrin. Lactoferrin has several 

functions in the human body – modulating immune function through binding to microbes, host cells, 

and other components of the immune system, as well as regulation of the maturation, migration, 

and immune cell function (418). In infants, lactoferrin in breast milk binds iron, rendering it 

inaccessible to pathogens that rely on iron to grow. It also has antiviral activity, killing Escherichia 

coli, Streptococcus mutans, Streptococcus peneumoniae, Vibrio cholerae, Candida albicans, and 

Pseudomonas aeruginosa (419). The ability of lactoferrin in breast milk to sequester iron is well 

known. Lactoferrin acts to reversibly bind non-haem (ferric) iron, with the resulting complex stable 

at a low pH of <3 (420). This enables the complex to traverse the GI tract to the site of absorption 

intact, where it binds with its cell membrane receptor and facilitates the absorption of iron (421, 

422). Hernell and Lönnerdal (2002) fortified infant formula with bovine lactoferrin and found no 

impact on iron status (423). Much of the research examining bovine lactoferrin fortification in infant 
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formula to allow a lower concentration of iron, which in turn is hypothesised to reduce the 

prevalence of illnesses in infancy. James et. al. (2007) supplemented healthy term infants’ formula 

with bovine lactoferrin from 4 weeks to 12 months of age in a double-blind RCT, and found 

significantly fewer respiratory tract illnesses in the lactoferrin-fed infants (n=26) as compared to a 

control group (n=26) on standard infant formula (424). Impact on iron status was not assessed this 

study. In contrast, Björmsjö et. al. (2022) found no difference between infants provided with bovine 

lactoferrin fortified formula and those on standard infant formula in a much larger Swedish RCT 

(n=181). 

 

Due to the much lower bioavailability of the iron in infant formula as compared to that in breast 

milk, infant formula is fortified to a much higher level. American guidelines currently recommend 

10–12 mg/L, which would correspond to 7.8–9.36 mg/day. The ESPGHAN recommend fortification of 

2–8.5 mg/L, which equates to 1.56–6.63 mg/day. The lower concentration of 2 mg/L, based on the 

concentration in breast milk and an assumed difference in bioavailability, has not shown to be 

sufficient in RCTs, while the higher value of 12 mg/L is based on an average iron requirement from 

0–12 months of age, not taking into account the much lower iron requirements from 0–6 months 

(425).  

 

 

Iron content of commercial infant foods 

The landscape of commercial baby food has changed drastically over the past few years with the 

advent of baby food pouches and an increasing variety of foods, combinations, and textures. The 

commercial infant food market in NZ has grown by 27.2% between 2010 and 2016, with a retail 

value of NZD$42.6 million in 2019 (119). Commercial infant foods are varied, from iron-fortified 

powdered rice through to various fruit, vegetable, meat, cereals, and snacks, but the iron content 

varies. Rice and cereal-based foods tend to be good vehicles for iron fortification. In NZ cereal-based 

foods that are marketed for infants, and contain ≥70% cereal, are legally required to be iron fortified 

with at least 20 mg/100g of dry weight under the Australia New Zealand Food Standards Code (426). 

Katiforis et. al. (2021) investigated the iron content of commercial infant foods in NZ and found that 

pouches contained just 0.3 mg/100g of iron, compared to up to 10 mg/100g in dry cereals (112). It is 

important to note that cereal in pouches is pre-prepared, thus it would be diluted, so therefore it 

would be well under the 70% threshold. This means they not required to meet the Food Standards 

Code for iron fortification for cereals, but it is feasible that parents and caregivers may assume these 

products are similarly fortified as dry cereal products. Furthermore, the Food Standards Code of 20 



80 
 

mg/100g iron applies only to cereal products marketed for infants aged 6+ months. This is 

problematic because the guidelines state that solids should be introduced at about 6 months of age, 

and baby rice is a common first food – so it is possible parents and caregivers of 6–month-old infants 

would choose an iron fortified infant rice labelled as “4+ months”, not realising it may not be 

adequately fortified with iron. Additionally, given the over-representation of Māori and Pasifika 

infants in ID and IDA, it is important that commercial infant food is iron fortified to the required 

level.  

 

Iron concentration in meat, fish, and poultry infant food is also low, with the proportion of meat or 

fish 5–10% in pouches, and 5–12% in non-pouches (112). It is likely that a home-made variant would 

contain a higher proportion of meat or fish, and that pouches that are meat based may well be 

assumed to be a good source of iron by parents and caregivers.  

 

Another relatively new type of commercial infant food in the New Zealand market are snack foods, 

such as corn or rice puffs in various shapes and flavours. There are both sweet and savoury varieties 

of these snack foods, and 27.6% (n=16) are iron fortified with up to 35 mg/100g (112). The median 

serving size is 9g, so those with the upper level of 35 mg/100g of fortification would provide about 3 

mg of iron. However, relying upon snack foods as a source of iron would not be recommended due 

to the sugar content in the sweet variety, and the recommendation not to include commercial snack 

foods as a regular part of the diet. There may be circumstances with picky eaters where this may be 

the only source of iron that is accepted though.  

 

 

Impact of infant iron intake on iron status 

From approximately six months of age the breastfed infant must obtain 90% of their iron 

requirements from complementary food to prevent ID (417, 427), and it has been suggested that 

dietary interventions play a key role in preventing ID (58). Four studies that investigated infant iron 

intake found ranges from 1.5–7 mg/day (64, 91, 260, 277), suggesting a consistently inadequate 

intake. None of these studies were stratified by ethnicity so it is not possible to elucidate the iron 

intake for Māori and Pasifika infants from these. Wall et. al. (2008) looked at iron intake by ethnicity 

and found the median iron intake for Pasifika infants in NZ aged 6–11 months was significantly 

higher than that of NZE and Māori. Pasifika infants (n=45) had a median intake of 7.7 mg as 

compared to 6.3 mg of both Māori (n=42) and NZE (n=28) (p=0.04) (428). This is a small sample size, 

however. 
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Iron status of infants in Aotearoa New Zealand 

There have been 22 studies investigating the iron status of infants in NZ since 1963 (58, 87, 91-93, 

293, 295, 371, 428-441). These studies are summarised in table 12.  
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Table 12. Summary of studies investigating iron status of infants in NZ 

Study Participants Design Iron intake and status 
measures 

Main findings Limitations 

Akel et al. 
(1963) (429) 

n=344 
Māori (n=174) and NZE 
(n=170 hospitalised 
infants aged from birth 
to 12 months in 
Wellington, Hutt 
Valley, Whanganui, 
Gisborne, Rotorua, and 
Whakatane. 
 

Observational cross-
sectional.  

Indices 
Hb and blood film. 
 
Cut-offs 
Hb: <105 for anaemia 

Iron status 
IDA prevalence at 0–6 months: 
Māori: 22 (21.6%) 
NZE: 13 (11.6%) 
 
IDA prevalence at 6–12 months: 
Māori: 47 (65.3%) 
NZE: 23 (39.7%) 
 
Iron status differences between 
Māori and NZE in both age 
groups are statistically significant. 
 
The variation in anaemia 
between geographical areas was 
considerable, but statistical 
significance was not reported.  
 

• Hb the only status index 
reported so the link of 
anaemia to ID uncertain 

• Infection and inflammation 
were not measured or 
controlled for 

• Hospitalised population means 
extrapolation to the general 
population at this time is not 
reliable 

• Dietary data not collected 

Anyon et al. 
(1974) (431) 

n=404 
Full-term NZE infants 
born in Wellington and 
Hutt Valley Hospitals 

Longitudinal. 
 
Blood sample taken 
within four days of 
birth, 4 months, 9 
months, 14 months, 
and 24 months.  
 
 

Indices 
Hb, packed cell volume, SI, ST, 
blood film. 
 
Cut-offs 
Hb <105 for anaemia 
Other cut-offs not reported. 
 
Dietary data 
A survey on breast-feeding 
duration, iron supplements, 
and illness were administered 
at each visit.  

Iron status by age 
1.2% (n=3) infants were anaemic 
at 4 months. 
 
4% (n=13) were anaemic at 9 
months. 
 
6% (n=19) were anaemic at 14 
months. 
 
2.8% (n=8) were anaemic at 18 
months. 
 

• Non-random sample 

• ID not defined, and prevalence 
not reported 

• Infection and inflammation 
were not measured or 
controlled for 

• Dietary data not collected 
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Study Participants Design Iron intake and status 
measures 

Main findings Limitations 

2.5% (n=7) were anaemic at 24 
months. 

Anyon et al. 
(1976) (430) 

n=130 
Full-term self-
identified Polynesian 
infants born in Lower 
Hutt. 

Longitudinal. 
 
Capillary sample taken 
by heel prick at 3 days 
of age, 4 months, 8 
months, and 1 year.  
 
Faecal analysis for 
occult blood was taken 
at the same time as 
the blood sample.  

Indices 
Hb only. 
 
Cut-offs 
Hb <105 
 
Dietary data 
A questionnaire around milk 
feeding was administered at 
the same time as each blood 
sample was taken. 

Iron status 
Anaemia prevalence: n (%) 
4 months: 12 (9.8) 
8 months: 31 (26) 
12 months: 37 (32) 
 
Gastrointestinal bleeding 
associated with prolonged cow’s 
milk feeding was associated with 
anaemia. 
 
When compared to an earlier 
study of NZE infants, there was a 
statistically significantly higher 
rate of anaemia amongst 
Polynesian infants.  

• Hb was the only index 
measured and was inferred to 
be IDA. 

• Infection and inflammation 
were not measured or 
controlled for.  

• Dietary data limited to milk 
feeds 

Moyes et al. 
(1990) (436) 

n=421 
Very young Māori and 
NZE children aged 6–
24 months in the Bay 
of Plenty. 
 

Observational cross-
sectional. 
Data obtained from 
two groups at two 
different time points: 
Community: 1981 
(n=143) 
Hospitalised: 1979–80 
(n=110, and 1988 
(n=168). 

Indices 
Hb, SF 
 
Cut-offs 
Hb: <110 
SF: <10 
 
Dietary data 
Feeding history around 
formula and breastmilk was 
obtained but describe by the 
authors as not successful. 

Iron status 
1981 community infants 
ID prevalence 
Māori (n=80): 51% 
NZE (n=63): 25% 
 
IDA prevalence 
Māori (n=80): 34% 
NZE (n=63): 6% 
 
1979–80 hospitalised infants 
IDA prevalence 
Māori (n=110): 50% 
 
1988 hospitalised infants 
IDA prevalence 

• ID only reported for the 1981 
group, as other two groups 
hospitalised so SF is a 
confounder 

• No NZE infants examined in 
the 1979–1980 group 

• Inflammation and infection 
were not accounted for other 
than excluding SF as a measure 
in the two hospitalised groups 

• Hospitalised groups more 
likely to be anaemic because 
of illness 

• Only two indices for iron status 
used 
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Study Participants Design Iron intake and status 
measures 

Main findings Limitations 

Māori (n=123): 40% 
NZE (n=45): 22% 

Dickson et 
al. (1992) 
(433) 

n=18 
Very young children 
aged 3–19 months of 
Cambodian refugees in 
Dunedin. 

Observational cross-
sectional. 
 
Status analysed from a 
venous blood sample.  

Indices 
Hb, SF. 
 
Cut-offs 
Hb: <110 
SF: <10 
 
Definitions 
IDA – low Hb and SF 
ID – low SF 

Iron status 
Mean (range) 
Hb: 108.1 (85.8 – 125.4) 
SF not reported. 
 
ID: n=11 (65%) 
IDA: n=6 (37%) 
 
Infants over the age of 10 months 
had lower SF. 

• Small sample size 

• Infection and inflammation 
were not controlled for 

• Limited status indices were 
used 

• Findings not applicable to the 
general NZ population 

Poppe 
(1993) (437) 

n=82 
Very young, 
hospitalised children 
aged 6–24 months in 
South Auckland. 

Observational cross-
sectional.  

Indices 
Hb, MCV 
 
Cut-offs 
Hb: <100 at 6–12 months, 
<110 at 13–24 months. 
MCV: <70 
 
Definitions 
IDA – low Hb and MCV 
ID – low MCV 

Iron status 
ID prevalence: n=27 (32.9%) 
 
IDA prevalence: n=15 (18.3%) 
 
A further 10 (30%) had an MCV of 
70–72, with microcytic 
hypochromic blood film 
appearance, indicating probable 
ID.  

• Small sample size 

• Hospitalised population 

• Infection and inflammation 
were not measured or 
controlled for 

• Only two indices were used for 
iron status 

Crampton et 
al. (1994) 
(432) 

n=43 
Very young children 
aged 6–36 months in 
Porirua, New Zealand.  
 
Pasifika: n=18 (42%) 
Māori: n=15 (35%) 
NZE: n=7 (16%) 
Other: n=3 (7%) 

Observational cross-
sectional.  
 
Screening for IDA was 
offered in the context 
of a routine 
consultation, excluding 
infants with anything 
other than a trivial 
illness. 
 

Indices 
Hb, MCV, SF 
 
Cut-offs 
Hb: <110 
MCV: <70 
SF: <10 
 
IDA definition 
Low Hb and MCV. 
 

Iron status 
Mean (SD) 
Hb: 108.8 (11.2) 
MCV: 70.7 (7.4) 
SF: 24.4 (28.0) 
 
IDA: n=10 (23.8%) 
Low SF only: n=11 30.6%) 
Low Hb only: n=7 (16.6%) 
 

• Small cohort 

• Results not reported by 
ethnicity 

• Opportunistic sampling could 
give selection bias 

• Inflammation and infection 
were not measured in blood 
sample or controlled for 

• Ferritin excluded in case of a 
child having a minor illness 
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Study Participants Design Iron intake and status 
measures 

Main findings Limitations 

 Iron therapy was offered to 
parents of IDA infants, and a 
follow-up study found improved 
haematological indices. 

that was not identified, thus 
confounding the findings. 

Rive et al. 
(1996) (438) 

n=67 
Very young children 
aged 6–23 months 
attending the 
paediatric acute 
assessment unit in 
South Auckland and 
required a blood test. 
 
Māori or Pasifika: n=55 

Observational cross-
sectional.  

Indices 
Hb, MCV, SF, CRP 
 
Cut-offs 
Hb: <110 
MCV: <70 
Ferritin: <25 
 
ID definition 
Normal Hb with ferritin <25. 
Children with ferritin from 
25–40 in the presence of high 
CRP were assumed to have 
latent ID.  
 
IDA definition 
Hb <110, MCV <70, and 
ferritin <25. 

Iron status 
n (%) 
ID: 2 (3%) 
Latent ID: 4 (6%) 
IDA: 14 (21%) 
 
 
 

• Cohort were unwell 
hospitalised children 

• Small sample size 

• Ferritin cut-off high, but may 
be appropriate in a 
hospitalised group 

• Sampling method could give 
selection bias 

• Results not stratified by 
ethnicity 
 

Wham 
(1996) (295) 

n=53. 
Very young healthy 
urban children aged 9–
24 months in Auckland.  

 
Children with 
intercurrent infections 
excluded.  

Observational cross-
sectional.  

 

Indices 
SF, SI, TIBC, TS, Hb, MCV, 
MCH, white blood count, 
neutrophils, and lymphocytes.  
 
ID definition 
 ferritin <10  
 
IDA definition 
Hb <110   
 
Dietary data 

Iron intake 
Average iron intake was 5.1 ± 3.1 
mg. 
 
Iron status 
ID: 13.5% (n=7) 
IDA: 20% (n=10) 
Median SF: 23 µg/L 
Median Hb: 119.5 
 

• Small sample size 

• Opportunistic sampling 
method, so selection bias may 
exist 

• Ethnically non-representative 

• Not stated if infection or 
inflammation was present 
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Study Participants Design Iron intake and status 
measures 

Main findings Limitations 

one 24hr recall and a diet 
history questionnaire.   

No statistically significant 
relationship between iron intake 
and iron status. 
 
 

 
Wilson et al. 
(1999) (441) 

n=206 
Very young, 
hospitalised children 
aged 9–23 months, 
living in Auckland. 
 
 

Prospective. Indices 
Hb, blood film, SF, TS  
 
ID definition 
 Not defined in this study.  
 
IDA definition 
Hb <110, red cell distribution 
width >14.5%, and either SF 
<10 or TS <10%.  
 
Dietary data 
Obtained from subjects with 
IDA via an interview one week 
post discharge using closed 
questions.  
 

Dietary data 
42% of children with IDA were 
drinking cow’s milk regularly 
before the age of 9 months. 
 
33% had not yet started red meat 
by 9 months of age.  
 
More Māori and Pasifika children 
drank cow’s milk regularly before 
8 months of age than NZE 
children.  
 
Iron status 
IDA prevalence – n (%) 
NZE: 8 (14) 
Māori: 8 (21) 
Pacific: 43 (43.4)  

• Hospitalised unwell cohort 

• Infection and inflammation not 
controlled for 

• Dietary data could be subject 
to recall bias 

Soh et al. 
(2002) (93) 

n=226 
Very young non-
breastfeeding children 
aged 6–24 months in 
urban centres in the 
South Island. 
 

Cross-sectional survey. 
 
Usual intake was 
determined for the 
dietary data. 
 
 

Indices 
SF and CRP 
 
ID definition 
SF ≤20 
Inflammation: CRP ≥10 
 
Dietary data 
3-day non-consecutive 
weighed food record. 

Iron intake 
<12-months infants: 15% had iron 
intake below the EAR, with the 
majority (60%) of iron intake 
obtained from iron-fortified 
infant formula. 
 
≥12-month children: 66% had 
iron intake below the EAR with 

• Exclusion of breastfed children 

• Hb was not reported so 
prevalence of IDA not known 

• Cut-off for ID higher than WHO 
and NHANES recommendation 

• Non-representative sample for 
ethnicity and mother’s 
education 

• Low response rate 
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Study Participants Design Iron intake and status 
measures 

Main findings Limitations 

the majority (31%) obtained from 
cereals. 
 
Iron status 
ID: 15% (n=37),  
6–11.9 months: 8% 
12–24 months: 20% 
 

• No upper cut-off for ferritin 
used to indicate inflammation 
or infection 

Heath et al. 
(2002) (91) 

n=74 
Very young children 
aged 9–24 months. 

 
Exclusion criteria: 
maternal diabetes and 
chronic health 
conditions, 
prematurity, low birth 
weight. 

Longitudinal. 

 
Dietary data reported 
at 9, 12, 18 and 24 
months of age.  
 
Blood sample obtained 
from capillary heel 
prick.  

Indices 
Hb, MCV, ZPP. 
 
Cut-offs 
Hb: <110 
MCV: <77 
ZPP: >80 
 
Definitions 
ID was defined as a low MCV 
and elevated ZPP. 
 
IDA was defined as low Hb 
and low MCV. 
 
Dietary data 
Estimated 24-hr diet record 
once a month for the first 12 
months. 
Estimated 3-day diet record 
collected at 12 months, 18 
months, and 24 months.  

Iron intake 
Median (25th, 75th percentiles), 
mg/day 
9 months: 7.0 (3.7, 10.7) 
12 months: 4.3 (3.2, 7.1) 
18 months: 4.9 (3.7, 6.3) 
24 months: 4.6 (3.9, 5.8) 
 
Iron status 
n (%) 
ID – 9 months: 6 (19), 12 months: 
7 (22), 18 months: no data, 24 
months: 4 (13). 
IDA - 9 months: 4 (7), 12 months: 
4 (7), 18 months: 4 (7), 24 
months: 0 (0). 
 

• No ethnic diversity – only NZE 
participants studied 

• High SES participants only 

• Small number of participants 

• Inflammation and infection 
were not measured or 
controlled for 

• SF was not used as a measure 
of iron stores 

• Breastmilk intake was 
estimated rather than 
calculated 
 

Grant et al. 
(2003) (293) 

n=391. 
Very young, 
hospitalised children 

Prospective. 

 
Blood sample obtained 
during hospitalisation.  

Indices 
SF, SI, red cell distribution 
width, Hb. 
 

Iron status 
ID: 73 (18.7%) 
IDA: 220 (56.2%) 
Iron replete: 98 (25.1%) 

• Hospitalised and unwell 
cohort, thus not 
representative of the general 
population 
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Study Participants Design Iron intake and status 
measures 

Main findings Limitations 

aged 8–23 months in 
Auckland.  

 
Questionnaire on 
previous and current 
feeding patterns 
conducted post 
discharge. 

ID definition 
Abnormal values of two out of 
three of: 
SF <10  
SI <10% 
Red cell distribution width 
>14.5%. 
 
IDA definition 
Hb <110 in addition to ID. 
 

 
Ethnic spread - ID 
NZE: 24 (33%) 
Māori: 19 (26%) 
Pasifika: 26 (36%) 
Other: 4 (5%) 
 

Ethnic spread - IDA 
NZE: 49 (22%) 
Māori: 44 (20%) 
Pasifika: 115 (52%) 
Other: 12 (6%) 
 
CRP measured in 313 (80%) of 
the sample, and after 
stratification by CRP ID and IDA 
prevalence remained.  

 
ID and IDA higher in Pasifika, 
pneumonia diagnosis, low 
maternal meat intake during 
pregnancy, tea drinkers, more 
than three children in the house, 
and breastfed. 

• CRP not able to be measured 
in all participants 

• Not stratified further by 
infants aged <12 months and 
those over 12 months 
 

Thom et al. 
(2003) (440) 

n=81 
Low birthweight 
infants (<2500g) aged 
8–13 months. 
 
Mean birthweight: 
1800g 
Mean gestational age: 
31.6 weeks 

Observational cross-
sectional. 
 
Infants classified into 
“high iron intake” 
group if iron 
supplemented, with 
the remainder in the 
“low iron intake” 
group.  

Indices 
Hb, SF, SI, TIBC, TS, sTfR, ZPP, 
MCV, haematocrit. 
 
Cut-offs 
Hb: <110 
SF: <10 
SI: not stated 
TIBC: not stated 
TS: <10% 

Iron status 
Total cohort n (%) 
Latent ID: 27 (33) 
IDA: 15 (19) 
 
ID prevalence in low iron intake 
group was 21 (66%), and the high 
iron intake group was 6 (12%). 
 

• Iron intake classified, not 
quantified, so true effect of 
iron intake may be 
underestimated.  

• Inflammation and infection 
were not measured or 
controlled for 

• Findings not applicable to the 
general population as study 
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Study Participants Design Iron intake and status 
measures 

Main findings Limitations 

 
Blood sample obtained 
via venepuncture. 
 

sTfR: not stated 
ZPP: not stated 
MCV: <70 fL 
Haematocrit: <32% 
 
Definitions 
Latent ID: Hb ≥110, and SF 
<10 or TS <10% 
 
IDA: Hb <110 and at least one 
other abnormal index out of 
haematocrit, MCV, SF, or TS. 
 
 

Infants in the low iron intake 
group were 13-fold more likely to 
develop ID 
 

was specific for low 
birthweight infants.  

Emery & 
Barry (2004) 
(434) 

n=100 

Māori and non-Māori 
neonate and mother 
dyads. 
 
Premature infants, 
complicated 
pregnancies and 
mothers with medical 
conditions were 
excluded.  

Observational cross-
sectional. 

 
Maternal venous blood 
samples taken the day 
prior to delivery. 
 
Cord blood sample 
taken at the time of 
caesarean section.  

Indices 
Cord Hb, cord iron, cord 
ferritin measured at birth. 
 
Maternal SF, Hb and SI 
measured one day prior to 
delivery. 

Infant iron status 
Mean cord Hb (Māori): 143.6 
(n=20) 
Mean cord Hb (NZE): 144.1 
(n=73) 
Difference: p=0.9 
 
Mean cord iron (Māori): 26.7 
(n=23) 
Mean cord iron (NZE): 26.4 
(n=77) 
Difference: p=0.8 
 
Mean cord SF (Māori): 26.7 
(n=23) 
Mean cord SF (NZE): 26.4 (n=76) 
Difference: p=0.01 (significant) 
 
Maternal iron status: 

• Cut-off parameters to define 
ID and IDA were not stated. 

• Results for total study group 
were not reported 

• No follow-up to assess changes 
at six months or beyond 
 

Considerations: 
Only mothers undergoing elective 
caesarean sections were included 
in the study. 
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measures 

Main findings Limitations 

Hb: Māori significantly lower than 
non-Māori (p=0.002). 
SF and SI differences non-
significant.  

 
Soh et al. 
(2004) (92) 

n=226 
6–24-month-old non-
breastfeeding urban 
children. Same sample 
as Soh et al. (2001) 

Cross-sectional 
observational. 
 
Venous blood samples 
collected for iron 
status. 
 
3-day weighed food 
record collected for 
dietary assessment.  

Indices 
Hb, MCV, ZPP, SF, CRP. 
 
Cut-offs 
Hb: <110 
MCV: ≤73 fL 
SF: ≤10 and ≤12 
ZPP: ≥70 
CRP <10 
 
Definitions 
ID present if two or more of 
SF, ZPP and MCV are present.  
 
IDA is present if in addition to 
the above, Hb is also low.  
 

Infant iron status 
Depleted iron stores:  
6–11.9 months: 4.2% 
12–24 months: 16.4% 
 
Functional ID: 
6–11.9 months: 8.3% 
12–24 months: 7.5% 
 
ID: 
6–11.9 months: 2.8% 
12–24 months: 5.0% 
 
IDA: 
6–11.9 months: 5.6% 
12–24 months: 2.5% 
Mean values (6–11.9 months) 
Hb: 111 ± 9 
MCV: 77.4 ± 3.3 
SF: 22.9 ± 2.0 
ZPP: 50.0 ±16.6 
 
Mean values (12–24 months) 
Hb: 116 ± 10 
MCV: 77.8 ± 3.8 
SF: 16.0 ± 1.8 
ZPP: 47.0 ± 15.7 

• CRP value of <10 is higher than 
the cut of used in other studies 

• Not stated if high ferritin was 
used as a possible 
inflammation marker 

• Study was not appropriately 
powered for ethnic 
stratification, but ethnicity is 
reported as a positive 
association with SF. 

Grant et al. 
(2007) (58) 

n=324 Observational cross-
sectional. 

Indices 
Hb, SF, MCV, TS. 

Iron status  
Median (5th, 95th percentile) 

• Insufficiently powered for full 
ethnic examination 
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Study Participants Design Iron intake and status 
measures 

Main findings Limitations 

Very young children 
aged 6–23 months 
living in Auckland. 
 
Māori: 18% 
Pasifika: 24% 
NZE & other: 58% 
 

 
Random sampling 
method used. 
 
Venous blood sample 
obtained for iron 
status.   

 
Cut-offs 
Hb: <110 
SF: <10 
MCV: <73 fL 
TS: <10% 
CRP: >4 
 
Definitions 
ID present if two or more of 
SF, MCV and TS are present.  
 
IDA is present if in addition to 
the above, Hb is also low.  
  

 

Hb: 119 (100, 134) 
SF: 20 (4, 57) 
TS (%): 16.2 (5.4, 31.6) 
MCV: 77 (67, 83) 
 
ID: 14% 
IDA: 6% 
 
ID by ethnicity 
Māori: 20% 
Pasifika: 17% 
NZE: 7% 
Other: 27% 
 
Multivariate analysis showed BMI 
and no milk formula were risk 
factors for ID. 
 
Ethnicity was associated with ID. 

• Prevalence estimates 
overlapped between Māori, 
Pasifika, and “other” 
ethnicities 

• “Other” ethnicity included 
diverse nationalities  

Wall et al. 
(2008) (428) 

n=247 
Very young children 
aged 6–23 months 
living in Auckland. 

 
Same sample as Grant 
et al. (2007) 

Observational cross-
sectional, stratified by 
ethnicity. 
 
Random sampling 
method used. 
 
Venous blood sample 
obtained for iron 
status.   

Indices 
Hb, SF, MCV, TS. 

 
Cut-offs 
Hb: <110 
SF: <10 
MCV: <73 
TS: <10% 
 
Definitions 
ID present if two or more of 
SF, MCV and TS are present.  
 
IDA present if in addition to 
the above Hb is low.  

Iron intake: 6–11 months 
Median energy (kJ/kg): 325 (242, 
389) 
Median iron (mg/day): 8.3 (4.7, 
10.8) 
Median vitamin C (mg/day): 90 
(42, 125) 

 
Iron intake: 12–23 months 
Median energy (kJ/kg): 337 (284, 
394) 
Median iron (mg/day): 6.3 (4.3, 
8.8) 
Median vitamin C (mg/day): 67 
(41, 119) 

• Iron status measures not 
reported in this paper 

• Confounding factors with 
ethnicity not controlled for 
due to the use of a univariate 
analysis 

• No association found between 
ethnicity and ID in the same 
sample in a previous paper 
using a multivariate analysis.  
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Main findings Limitations 

 
Dietary data 
Two day weighed diet record 

 
Iron status 

• Risk for ID was associated 
with iron intake. 

• Pasifika children had more 
iron per day but an increased 
prevalence of ID.  

• Fewer associations between 
dietary factors and iron 
status in Māori and Pasifika 
children compared to NZE 

Szymlek-Gay 
et al. (2009) 
(439) 

n=225 
Very young urban 
children aged 12–20 
months living in the 
South Island. 
 
Exclusion criteria: 
Hb <105, or 
HB <110 and SF ≤12 

Randomised controlled 
trial. 
 
20-week trial. Children 
randomised into one of 
three groups: 
1. Red meat (n=90) 
2. Fortified milk (n=45) 
3. Placebo control 
(n=90) 
 
Blood samples 
collected at baseline 
and 20 weeks for Hb, 
SF, sFtR, and CRP. 
 
Three-day weighed 
diet record taken at 
baseline, four weeks, 
and 18 weeks.  
 
 

Indices 
Hb, MCV, ZPP, SF, CRP. 
sTfR was used to calculate 
body iron.  

 
Cut-offs 
Hb: ≤110 
MCV: ≤73 
ZPP: ≥70 
SF: ≤12 
CRP: ≥10 
 
Definitions 
Depleted iron stores were 
defined by SF ≤12. 
 
Iron-deficient erythropoiesis 
was defined by ≥2 abnormal 
values for SF, MCV, and ZPP, 
with normal Hb. 
 

Iron intake 
Geometric mean (95% CI) at 
baseline in mg/day: 
Meat group: 4.4 (4.1, 4.9) 
Fortified milk group: 4.2 (3.7, 4.7) 
Control group: 4.8 (4.3, 5.3) 
 
Iron status 
Geometric mean (95% CI) 
Baseline: 
Hb - meat group: 117.3 (114.7, 
119.9), fortified milk group: 119.3 
(116.1, 122.4), control group: 
117.9 (115.3, 120.5). 
 
SF - across all groups was 21.7 
(19.7, 23.9). 
 
sTfR - meat group: 7.0 (6.6, 7.4), 
fortified milk group: 6.6 (6.1, 7.1), 
control group: 6.9 (6.5, 7.3). 
 

• Inadequate number of 
participants in fortified milk 
group 

• Breast-fed infants excluded 
from analysis as breastmilk 
consumption not quantified 

• Proportion of infants with ID 
and IDA only shown with a 
figure – numbers not given.  

• Infants with ID and IDA 
excluded so not able to see 
any possible changes with this.  

• Lack of ethnic diversity in 
sample 
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measures 

Main findings Limitations 

IDA is present if in addition to 
iron-deficient erythropoiesis, 
Hb is also low.  
 

Body iron (mg/kg) - meat group: 
3.7 (2.7, 4.6), fortified milk group: 
3.9 (2.8, 5.0), control group: 4.3 
(3.4, 5.2). 
 
Post intervention: 
SF increased significantly in the 
fortified milk group (p<0.001), did 
not change in the meat group, 
and decreased non-significantly 
in the control group (p=0.063).  
 

Morton et 
al. (2014) 
(435) 

n=113 
Neonate and mother 
dyads enrolled in the 
GUiNZ study living in 
South Auckland.  

Observational cross-
sectional. 

 
Cord blood sample 
collected at the time of 
birth.  

Indices 
Hb, SF, MCV, SI, TIBC, CRP 
 
Cut-offs 
ID: Cord SF <75 
IDA: Hb <130 
 
Exclusion 
CRP: >5 
SF: >370 

Iron status 
Mean cord Hb: 160±17 (n=103) 
Mean cord MCV: 109±5 (n=103) 
Mean SI: 25.6±9 (n=113) 
Mean TIBC: 40±8 (n=103) 
Mean TS (%): 63±3 
Median SF: 135 (88–180) 
 
ID prevalence 
ID (SF<35): 7% 
Latent ID (SF 35–75): 13% 
Iron replete (SF 76–370): 80% 
 
Anaemia 
2% infants were anaemic, but 
neither had ID.  
 
Ethnic spread 
Significant difference in Hb 
between Māori/Pasifika and all 
other ethnicities (p=0.05). No 
statistical significance for SF.  

• Number of Māori infants 
(10.7%) does not reflect that of 
the general population 

• Reporting of ethnic spread is 
prior to accounting for lost 
blood samples, so the true 
proportions not known. 

• No follow-up to assess changes 
in iron status at 6 months or 
beyond 
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Daniels et al. 
(2018) (87) 

n=206 
Infants living in 
Dunedin, recruited at 
birth and followed till 
12 months of age.  
 
Premature infants 
excluded. 

Randomised controlled 
trial. 
 
Infants randomised 
into control (n=101) or 
the BLISS group 
(n=105). 
 
Both groups received 
standard post-natal 
midwifery and Plunket 
care. The BLISS group 
received 8 additional 
visits from 0–9 months 
providing education on 
BLW modified to 
increase iron intake. 
 
Outcome measures 
were iron intake at 7 
and 12 months of age, 
and iron status at 12 
months of age.  

Indices 
Hb, SF, sTfR, body iron 
(mg/kg), CRP, AGP. 
 
Cut-offs 
Iron depleted: SF <15 
ID: Body iron <0 mg/kg, Hb 
≥110  
IDA: Body iron <0 mg/kg, Hb 
<110  
 
Exclusion 
CRP: >5 
AGP: >1 
 
Dietary data 
3-day weighed food record at 
7 months and 12 months. 

Median Iron intake  
7 months: 
Control: 2.7 (1.3, 6.9) 
BLISS: 3.0 (1.5, 7.3) 
 
12 months: 
Control: 5.3 (3.1, 8.4) 
BLISS: 4.7 (3.1, 7.3) 
 
Differences at both age points 
were non-significant. 
 
Iron status (12 months) 
Control group: 
Iron depleted: 5% 
ID: 7% 
IDA: 5% 
 
BLISS group: 
Iron depleted: 3% 
ID: 7% 
IDA: 7% 
Differences were non-significant.  

• Not able to be stratified by 
ethnicity 

• Not enough participants for 
statistical power 

• Cut-off used for Hb 
extrapolated from adults and 
possibly too high for this age-
group. 

• Breastmilk intake estimated 

aAGP expressed as g/L, CRP expressed as mg/L, Hb concentration expressed in g/L, MCV expressed as fl, SF concentration expressed in µg/L, SI expressed as µmol/L, ZPP concentration 

expressed in µmol/mol haem. 

Abbreviations: AGP – α1-acid glycoprotein; CRP – C-reactive protein; GUiNZ – Growing Up in New Zealand; Hb – haemoglobin; ID – iron deficiency; IDA – iron-deficiency anaemia; MCH – mean 

cell haemoglobin; MCV - mean corpuscular volume; NZE – New Zealand European; SF – serum ferritin; SI – serum iron; ST – serum transferrin; sTfR – serum transferrin receptor; TIBC – total 

iron-binding capacity; TS – transferrin saturation; ZPP – zinc protoporphyrin 
bMean expressed as mean (±SD); median expressed as median (IQR) 
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Of these studies, six investigate hospitalised infants which potentially presents a confounding factor 

of inflammation and infection (293, 429, 436-438, 441). A further two used inappropriate cut-off 

points for determining iron status: <105 for Hb (430, 431) which is much lower than the generally 

accepted cut-off of ≤108–110. Two studies did not adequately control for inflammation and infection 

(91, 432), and two more looked at neonatal iron status without follow-up (434, 435). One study was 

exclusively investigating the infants of Cambodian refugees (433), while another focussed on low 

birth weight infants (440). This leaves four observational studies and two RCTs that assess infant iron 

status using generally accepted parameters for iron indices and control for infection. One of the 

observational studies uses the same data set as another, so has been excluded from the summary 

below.  

 

The differing indices used to define iron status makes comparison of these studies challenging. 

Wham (1996) looked at a small sample size of 53 children aged 9–24 months living in Auckland, and 

found that 13.5% had ID, and 20% had IDA (295). Inflammatory markers were not measured or 

controlled for in this study which could have resulted in an inaccurate rate of ID. Heath et. al. (2002) 

investigated iron intake and status of 74 children aged 9–24 months, and determined that 19% of 9–

month-old infants and 22% of 12–month-old infants had ID. The rate of IDA was lower, with 7% of 

both 9– and 12–month old infants (91). However, this small cohort were not ethnically nor socio-

economically diverse, and infection and inflammation were not controlled for. In 2004, Soh et. al. 

examined the iron status of 226 children aged 6–24 months in urban South Island centres, and 

categorised iron status into depleted iron stores, functional ID, ID, and IDA (92). In this cohort, 2.8% 

(6–11 months) and 5.0% (12–24 months) had ID. The prevalence of IDA in the 6–11–month age 

group was 5.6% and 2.5% in the 12–24–month age group. The overall group had a prevalence of 

4.3% for ID and 3.5% for IDA using the cut-off of <10 mg/L for serum ferritin. CRP was controlled for 

as a confounding variable in this study, however the cut-off used was 10 mg/L, whereas the 

generally accepted cut-off in both other studies and the established reference range is >5 mg/L 

(442). This may have resulted in more children with concurrent infection being included in the 

analysis which has what effect on the findings. Grant et. al. (2007) found that in a cohort of 324 

children aged 6–23 months in Auckland that 14% had ID and 6% had IDA (58). This study also 

controlled for infection using CRP, but used a conservative cut-off of >4 mg/L. 

 

An RCT by Syzmlek-Gay (2009) sought to examine the impact of increased red meat or fortified milk 

on infant iron status at 20 weeks of age (439). The geometric mean baseline SF across all groups was 

21.7 µg/L, suggesting borderline iron stores in the cohort. Additionally, infants with a baseline Hb of 
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<105 g/L or Hb <110 g/L accompanied by SF of ≤12 µg/L at baseline were excluded from the study. 

Neither intervention impacted on the prevalence of sub-optimal iron status, however both the red 

meat group and the fortified milk group had a significantly higher serum ferritin than the control 

group at 20 weeks (p<0.001 and p<0.033, respectively). The prevalence of ID was reported in figures 

only.  

 

For the BLISS study, an RCT by Daniels et. al. (2018) designed a modified version of BLW with an aim 

to increase the intake of iron-rich foods by infants following this protocol. Infants living in Dunedin 

(n=206) were randomised into the modified BLW (or BLISS) group, and the other were a control 

group. Iron intake was measured at 7 and 12 months of age, and iron status was measured at 12 

months of age. The BLISS group had a higher iron intake (3 mg/day) at 7 months than the control 

group (2.7 mg/day), but both intakes are well below the RDI of 11 mg/day. At 12 months, the control 

group had a higher iron intake (5.3 mg/day) than the BLISS group (4.7 mg/day). The differences were 

non-significant at all points. Regarding iron status, 7% of both the BLISS and control group had ID at 

12 months, while 5% of the control group had IDA as compared to 7% of the BLISS group. These 

differences were also non-significant. Infection and inflammation were controlled for using CRP and 

AGP with appropriate cut-offs of >5 mg/day and >1 g/L, respectively. Baseline iron status was not 

recorded, so it is possible that one group may have had a lower or higher baseline iron overall than 

the other group.  

 

 

Iron Status in Māori and Pasifika Infants 

Of the studies described in table 12 in the previous section the iron status of Māori infants has been 

examined to varying degrees from as early as 1963 (58, 293, 428, 429, 434, 436). Pasifika infants 

have also been included in some of these studies (58, 293, 428, 430), but overall, robust up to date 

data is lacking for both Māori and Pasifika infants. Varying cut-offs and lack of control for infection 

and inflammation in many of these studies confound the findings, but what remains consistent 

amongst these studies is that Māori and Pasifika infants have a significantly higher rate of ID and IDA 

than NZE infants. One of the studies in the previous sect by Grant et. al. was adequately powered to 

stratify by ethnicity, with the results summarised in table 13. The cut-offs used in this study for IDA 

was Hb <110 g/L, plus two or more of ferritin <10 µg/L, MCV <73 fL, transferrin saturation <10%. 

Infants were excluded if CRP was >4 mg/L. 
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Table 13. Ethnic differences in iron status in NZ 

Ethnic group (n=324) Iron deficiency present 

Yes (n=49) No (n=275) 

New Zealand European (n=107) 7 (7%) 100 (93%) 

Māori (n=85) 17 (20%) 68 (80%) 

Pacific Island (n=106) 18 (17%) 88 (83%) 

Other (n=26) 7 (27%) 19 (73%) 

Total 49 (14%) 279 (86%) 

Note: Adapted from Grant CC, Wall CR, Brunt D, Crengle S, Scragg R. Population prevalence and risk factors for iron 

deficiency in Auckland, New Zealand. Journal of paediatrics and child health. 2007;43(7‐8):532-8. 

 

 

These findings are not unexpected considering that Māori and Pasifika infants bear a much higher 

burden of disease in infancy than NZE infants, with iron metabolism profoundly affected by 

inflammation via hepcidin. This is supported by a 2008 observational study by Wall et. al., using the 

same sample as Grant et. al., (2007) where dietary data in relation to the iron status of infants has 

been examined (428). The findings showed that there were fewer associations between dietary 

factors and iron status in Māori and Pasifika infants compared to NZE infants. In fact, Pasifika infants 

had a higher dietary intake of iron than the NZE infants. Another non-dietary factor impacting the 

iron status of Māori and Pasifika infants is the prevalence of a unique α-thalassemia trait. This 

variant of thalassemia occurs due to either damaged or missing genes for haemoglobin, resulting 

reduced levels of haemoglobin. Observational studies estimate the prevalence of α-thalassemia 

amongst Māori and Pasifika at 16.3–20% (389-392). Thus, non-dietary causes of ID and IDA in Māori 

and Pasifika infants are important to consider and require further research.  
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Chapter 3  |  Upoko Tuatoru 

Methods 
 

 

 

This chapter describes the methods and study procedures used to answer the research question  
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The study design and data collection are described in the following section. Further details of the 

methods for the overall FFNZ study are reported elsewhere (1). First Foods NZ was an observational 

cross-sectional study which was registered with the Australian New Zealand Clinical Trials Registry, 

ACTRN12620000459921. Ethical approval was granted by the Health and Disability Ethics 

Committees New Zealand (19/STH/151) and was funded in May 2019 by the Health Research Council 

(HRC) of New Zealand (grant 19/172). Data collection was conducted between July 2020 and 

February 2022 by an inter-disciplinary team  consisting of registered dietitians, a speech language 

therapist, and human nutritionists.  

 

First Foods NZ Study Design 

The wider FFNZ study aimed to examine the food intake and health of 625 infants aged 7.0-<10 

months of age, from a range of sociodemographic areas and ethnicities. The main wider study aim 

was to compare infants who use baby food pouches with those who do not, alongside those who use 

BLW and those using TSF. At the same time, data on nutrient intake, nutrition status, iron status, 

eating behaviours, anthropometry, dental health, breastmilk intake, and feeding and swallowing 

difficulties was collected for this age group in general. 

 

Recruiting a representative sample was not deemed feasible, as traditional methods such as 

electoral roll and door knocking would be unlikely to yield sufficient infants in the narrow age band 

required by this study. Therefore, we aimed to target a broad range of socio-economic areas and 

ethnicities when recruiting, and using research team members who are experienced working with a 

wide range of groups.  

 

The age range was chosen as it is close to the time where infants are introduced to CF, with the 

narrow age range allowing for the rapidly changing diet in infancy. The sample size was based on the 

wider study aim of comparing BMI z-score and plasma ferritin concentration in infants following 

baby-led weaning and traditional spoon-feeding. This was chosen as there is a lack of data on these 

measures in infants who use baby food pouches.  

 

The present study specifically investigates Māori and Pasifika infants, alongside all other infants. 

Infant complementary feeding practices (method of feeding, such as BLW and TSF, pouch use, timing 

of introduction of complementary foods, types of first foods offered, prevalence of traditional 

cultural foods), nutrient intake and nutrient density of complementary food, and iron status.  
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Study Participants 

A total of 625 infants aged 7.0 - 10.0 months were recruited from two urban centres in NZ: Tāmaki-

Makaurau (Auckland) and Ōtepoti (Dunedin). Participants were excluded if the adult respondent was 

unable to speak English or if the infant had been part of a nutrition intervention study. Participants 

were recruited through advertisements and word-of-mouth, whilst avoiding special interest groups, 

such as baby-led weaning groups. To ensure ethnic diversity recruitment was targeted in suburbs 

with higher densities of Māori and Pasifika whānau (families). An information sheet was given to all 

participants and written informed consent was obtained.  

 

Participants were grouped by total ethnicity, with any participants who did not identify as either 

Māori or Pasifika categorised into a single ‘others’ groups. This allows the focus of this study to 

remain on Māori and Pasifika infants. Ethnicities in the ‘others’ category included New Zealand 

European, Southeast Asian, East Asian, South Asian, European, and MELAA (Middle Eastern, Latin 

American, and African).  

 

Demographic data 

Demographic data was collected via questionnaire which encompassed age, ethnicity, sex, 

household deprivation, (NZ Deprivation Index 2018 (2)), caregiver education, work status,  parity, 

childcare use, the number of children and adults living in the household, and whether the infant was 

a premature or full-term at birth. Mesh block data was used to determine the level of deprivation 

based on the NZ Deprivation Index. Infant ethnicity was self-determined by the caregiver. 

Respondents were asked “what ethnic group does your child belong to?”. Checkbox answer options 

mirrored that of the 2018 New Zealand census, and participants were able to select from the 

following list: “NZ European”, “Māori”, “Samoan”, “Cook Island Māori”, “Tongan”, “Niuean”, 

“Chinese”, “Indian”, and “other, e.g., Dutch, Japanese, Tokelauan”. If the participant selected the 

“other” option, they were prompted to enter free text to describe their ethnicity. 

 

Complementary feeding practices data 

Feeding practices were self-reported by the caregiver via questionnaire, with a researcher present to 

clarify any questions. Caregivers were asked about the timing of the introduction of CFs, pouch use, 

and method of feeding (TSF, BLW, or partial BLW) at the time of CF introduction, at six months, and 

currently. Infants were classified as TSF if “spoon-fed by an adult” or “mostly spoon-fed by an adult, 

some baby feeding themselves” was selected. Infants are classified as partial BLW if “about half 

spoon-fed by an adult and half baby feeding themselves” was selected. Infants were classified as 
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BLW if “baby feeding themselves” and “mostly baby feeding themselves, some spoon feeding by an 

adult” was selected.  

 

Participants were asked about the frequency of PF, use of CIF pouches versus re-usable home-filled 

pouches, and the prevalence of infants feeding directly from the pouch nozzle versus from a spoon. 

Infants were designated as either ‘frequent pouch users’ (5 or more pouches per week), ‘sometimes’ 

(1-4 pouches per week), ‘infrequently’ (less than 4 pouches per week), or ‘never’. The way in which 

infants fed from pouches was categorised as “always via the nozzle”, “mostly via the nozzle”, “both 

via the nozzle and spoon”, “mostly via spoon”, and “always via spoon”. The prevalence of infants 

feeding directly from the pouch nozzle was stratified by frequency of use.  

 

Data on the first food offered, texture of the first food, and traditional foods and practices were 

collected via the same questionnaire completed by the caregiver. Participants were invited to 

expand upon their answer with free text. Participants were also asked if they offered their infant 

baby rice, reasons for not offering (if applicable), and frequency of baby rice consumption (if 

applicable). 

 

Dietary data 

Dietary data was obtained from two non-consecutive multiple-pass 24-hour recalls collected by 

trained interviewers at the first and second appointments. The recalls were collected on different 

days of the week, which captured between-day variation in dietary intake. The 24-hour recalls 

captured everything the infant ate and drank from midnight to midnight.  

 

Caregivers were asked to take photographs of the eating surface, including the offered food and 

beverages, both before and after each meal and snack the day before the 24-hour recall was 

conducted. Text message reminders were sent the day before as a reminder to do this. The 

participants were able to use either their own smartphone or a study camera to capture these 

photographs, with the quality of the photos not being important as they were intended to be used 

as prompts to help the caregiver remember what the infant ate. 

 

The first pass of the 24-hour recall involved obtaining a “quick list” of all the things the infant ate and 

drank the previous day. Amounts and brands were not required at this stage as this was to help 

serve as a prompt for the second pass. Various verbal prompts were used, starting with asking the 

adult respondent the following:  
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“So, we’re going to be thinking about what[baby’s name]had yesterday–[insert day that was 

yesterday]. Let’s start right at the beginning–from midnight then we’ll go through the morning, 

afternoon, and evening. What was the first thing [baby’s name] ate or drank?” 

 

Other verbal prompts used during the first pass were: 

 

• “Sometimes people forget to tell us about drinks and snacks when we do this list.” 

• “How much water did [baby’s name] drink yesterday?”  

• “Did[baby’s name]have any[more]breastmilk or formula yesterday?” 

• “Did [baby’s name] have any other drinks like milk or juice yesterday?” 

• “How about any other snacks, like muesli bars, crackers, sweets, or desserts?” 

• “Were there any other meals or snacks that [baby’s name] ate yesterday that someone else 

gave [him/her]?” 

• “Do you have any information about what[baby’s name] ate or drank yesterday while in their 

care?  

 

Stage 2, or the second pass of the 24-hour recall involved recording a detailed list of what the infant 

ate and drank, quantities, time, method of feeding if a pouch (e.g., nozzle or spoon, self-fed or adult-

fed), and two-tier location of eating (specific, e.g., highchair, and broad, e.g., home). The amount of 

food both offered and consumed was also recorded. If the infant consumed food or drink while in 

the care of another adult or at childcare, a “Foods Fed by Other Adults” form was completed.  

 

Stage 3, or the third pass of the 24-hour recall reviewed and probed for forgotten foods. The adult 

respondent was asked about time spent eating on each occasion, duration of formula or breast 

feeds, forgotten foods/fluids, and home-filled ouch use. The complete detailed list was carefully and 

slowly reviewed so that the participant had the opportunity to remember each occasion. 

 

The completed 24-hour recall was then quality checked by another researcher, with any missing 

detail or inadequate information followed up on with the participant promptly. 

 

Biochemical data for iron status 

Local anaesthetic (Ametop Gel, Smith & Nephew, Canada) was applied to both of the infants’ arms 

inside the elbow, and an occlusive dressing was applied. The dressing was removed and excess gel 

wiped off with a tissue 30-45 minutes after application, with the blood sample drawn no more than 
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4 – 6 hours after the Ametop was applied. Blood samples were collected by venepuncture via an 

EDTA vacutainer. Full blood count was measured on the day of collection by Southern Community 

Labs (SCL), Dunedin, and Labtests, Auckland on a Sysmex-XN20 Module® automated analyser 

(Sysmex, Kobe, Japan). The ferritin assay was conducted on a E602-Cobas 8000 analyser (Roche 

Diagnostics, USA), and was measured within seven days of collection. Remaining plasma samples 

were stored at -70° Celsius until consequent analysis of sTfR, C-Reactive Protein (CRP), and α1-acid 

glycoprotein (AGP) on a Hitachi Cobas C311 analyser (Roche Diagnostics, Mannheim, Germany, and 

Hitachi High-Technologies Corp, Tokyo, Japan) machine at the Department of Human Nutrition 

(University of Otago, Dunedin, NZ). Abnormal results were reviewed by the study paediatrician and a 

letter was sent to both the caregiver and their general practitioner as specified by the caregiver on 

the consent form. If no abnormal results were detected a letter was sent to the caregiver providing 

the infant’s haemoglobin (g/L), plasma ferritin (µg/L) and haematocrit. The letter included a brief 

lay-language explanation of each of these indices. Ferritin was adjusted for inflammation using the 

BRINDA method (3), and sTfR was adjusted to be equivalent with the Flowers assay as follows (4): 

1.5 x Roche sTfR + 0.35 mg/L. Body iron was calculated as follows: -[log10 (sTfR x 1000/ferritin) – 

2.8229]/0.1207.    

Cut-offs used to determine iron status are described in table 1. Infants who had low Hb in the 

absence of iron deficiency were included in the “iron sufficient” group. 

 

Table 1. Iron status categories and haematological cut-offs 

Iron status category Cut-off value 

Iron sufficient Plasma ferritin ≥15 µg/La, body iron ≥0 mg/kg 

Iron depleted Plasma ferritin <15 µg/La, body iron ≥0 mg/kg 

Early functional iron deficiency Body iron <0 mg/kgb, haemoglobin ≥110 g/Lc 

Iron deficiency anaemia Body iron <0 mg/kgb, haemoglobin <110 g/Lc 

a Southern Community Laboratories Ltd. (2012) 
b Cook et al. (2003) 
c World Health Organization (2001) 

 

Data sovereignty 

Māori and Pasifika data sovereignty was considered in the design of this study. Equity in health 

outcomes is a core component in quality healthcare, and in research the health data for  

Māori and Pasifika are collected then disseminated. Confidentiality must be navigated, and it is 

important to be Tiriti-lead (The Treaty of Waitangi). Therefore, both a Māori and Pasifika cultural 
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advisor were part of the team designing the wider First Foods NZ study and oversaw the protocols 

for data collection and management.  

 

Statistical analyses 

For dietary data, pouch use, BLW, TSF were estimated for the entire sample with 95% confidence 

intervals. The data is presented as numbers and percentages. For nutrient intake and nutrient 

density data, usual intake was calculated from the 24-hour recalls using the multiple source method 

for estimating usual dietary intake of individuals (5). Dietary data was analysed using FoodWorks 

(version 10, Xyris Software), using the New Zealand Food Composition database FOODfiles 2018 

Version 01. For commercial foods, recipes were created in FoodWorks using the ingredient list on 

the packet, and then modified to match the information on the nutrient information panel. This 

ensured that nutrients that did not appear on the nutrient information panel were captured in the 

analysis. Breast and formula milk were excluded from analysis for the purposes of this study.  

Quantile regression was used to determine nutrient intake, allowing adjustment for infant age. 

Nutrient density is reported as concentration of nutrient per 418 kJ (100 kcal) of energy. Ethnicity 

data is reported as total response ethnicity.  

 

The biochemical indices for iron status were described using mean, geometric mean, and median. 

Potential mediators were identified by assessing statistical significance in differences between 

ethnicities in early feeding practices. Linear regression analyses were performed to determine the 

suitability of using mediation analysis to explain differences in body iron between ethnic groups. This 

was done by first testing the relationship between ethnic group and body iron (mg/kg body weight), 

then testing the relationship between ethnicity and each mediating factor (introduction of 

complementary food at <5 months of age, consumption of red meat and / or iron-fortified baby rice 

at six months of age, and use of baby food pouches currently), and finally testing the relationship 

between each mediating factor and body iron. Where all relationships were significant (p<0.05) for 

an ethnic group, mediation analysis was performed.  

All data was analysed using Stata V.17 (StataCorp) statistical software.  
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Chapter 4  |  Upoko Tuawhā 

Complementary feeding practices of Māori, Pasifika, and other infants 

in Aotearoa New Zealand 

 
 

This chapter reports the findings of the First Foods New Zealand study pertaining to infant feeding 

practices by ethnicity.  

 

This report is presented in manuscript format and will be submitted to a peer-reviewed journal for 

publication in the future. Online statement of contribution can be reviewed in Appendix H. 
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Abstract 

Background: Timing of complementary food (CF) introduction and methods of feeding (baby led 

weaning (BLW), traditional spoon-feeding (TSF), and pouch use) have the potential to impact infant 

growth, development, and health outcomes. Māori and Pasifika infants in Aotearoa New Zealand 

(NZ) carry a disproportionate burden of nutrition-related disease, but little is known about current 

complementary feeding practices in this group.   

Aim: The aim of this study was to describe complementary feeding methods, first food 

characteristics, and the timing of CF introduction amongst Māori, Pasifika, and ‘other’ infants living 

in NZ. 

Methods: Complementary feeding practices of infants aged 7.0–10.0 months living in Auckland and 

Dunedin were determined by questionnaire completed by the main caregiver. Ethnicity was 

reported as total response, with those who did not select either Māori or Pacific categorised into a 

single ‘other’ group. Frequency of pouch use and BLW were estimated with 95% confidence 

intervals.  

Results: Of 625 infants, over half of all ethnicities introduced CF at around six months of age (56.5% 

of Māori, 62.2% of Pasifika, and 80.9% of ‘others’). BLW prevalence increased from 11.5% of Māori, 

3.7% of Pasifika, and 12.4% of ‘other’ infants at the time of introducing CF to 29.2% of Māori, 17.1% 

of Pasifika, and 27.3% of ‘others’ currently. Baby food pouches were used at least once by 89.3% of 

Māori, 85.4% of Pasifika, and 75.6% of ‘other’ infants. Of those who always or frequently were fed 

pouches, 27.1% of Māori, 25% of Pasifika, and 12% of ‘other’ infants always or mostly sucked directly 

from the nozzle. Vegetables and ‘pureed’ were the most common first food and texture offered 

respectively for all ethnic groups. At six months red meat was consumed by 54.6% of Māori infants, 

63.4% of Pasifika infants, and 61.8% of ‘other’ infants. Approximately half had iron-fortified baby rice 

(Māori 57.3%, Pasifika 56.1%, ‘other’ 48.7%). Age-inappropriate drinks were currently given to 17.6% 

of Māori, 20.7% of Pasifika, and 3.8% of ‘other’ infants. When asked about traditional cultural foods 

9.1% of Māori and 20.7% of Pasifika respondents reported offering these to their infants.  

Conclusion: These findings provide insight into complementary feeding practices that potentially 

impact the health outcomes of our most vulnerable infants, in particular the timing of CF 

introduction, BLW, age-inappropriate drinks, and pouch use. Māori- and Pasifika-centred approaches 

in supporting whānau with infant feeding needs to implemented. 
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Introduction 

Infant complementary feeding practices impact healthy growth and development in both early life 

and into adulthood. The World Health Organisation (WHO) recommend introducing complementary 

food (CF) at approximately six months of age (1). The Manatū Hauora (Ministry of Health New 

Zealand, (MoH)) recommend starting with half to two teaspoons of a thin smooth puree via the 

spoon after breast or formula feeding (2). It is then recommended that a variety of foods and 

textures are introduced, gradually progressing from a thin to thick puree, to mashed to chopped 

with the infant feeding themselves more as they grow older (2). 

 

Complementary feeding practices in Aotearoa New Zealand (NZ) have evolved over the past two 

centuries. In both pre-colonial NZ and the neighbouring Pacific Islands, infants shared whānau 

(family) food, which was texture modified and warmed through pre-mastication. Vegetables were 

commonly offered as first foods for Māori infants (3), with starchy root crops, breadfruit, green 

banana, and coconut provided in the Pacific Islands (4). The infant’s developmental cues such as 

sitting and grasping would inform the timing of introducing CF, and breastfeeding and wet nursing 

were common practices. Post-colonisation, many practices have changed. Infants are more 

commonly introduced to CF at an early age, commercial infant foods (CIF) are widely available, and 

for some Māori traditional community and social structures that enabled care of the infant by the 

wider whānau are not accessible (5).  

 

In recent years there has been an explosion of baby food pouches onto the market. Baby food 

pouches are made of soft squeezable plastic, with nozzles attached that the infant can suck pureed 

food from directly. In 2015 in the United States, 56% of CIFs were packaged in pouches, and 54% in 

the United Kingdom in 2019 (6). A 2019 NZ study found that over half of all CIF (n= 103, 52.3%) were 

packaged into pouches (7). In both NZ and internationally, pouches have more sugar and lower 

levels of iron compared with equivalent CIFs not packaged into pouches (8-12). Alongside pouch use, 

baby-led weaning (BLW) appears to be increasing, with scarce research in NZ indicating that it 

appears to be a primarily Pakeha (European) phenomenon with a possibly increasing uptake by 

Māori whānau (13, 14). 

 

There is very limited data describing the complementary feeding practices of infants in NZ including 

use of BLW and pouches, timing of introduction to CF, texture and types of first foods offered, and 

traditional cultural foods and practices. With a disproportionately high burden of communicable and 

non-communicable disease experienced by Māori and Pasifika infants and young children, 
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particularly respiratory illnesses, iron-deficiency, and dental caries (15, 16), there is a growing need 

to assess and better understand complementary feeding practices. This will help guide relevant 

advice to whānau that is seen as relevant and is consistent with cultural practices. The supports the 

principles of the Treaty of Waitangi that all New Zealanders are entitled to equal health outcomes 

and access to healthful traditional cultural food and practices. Therefore, this paper will describe 

complementary feeding methods, first foods characteristics, and the timing of CF introduction 

amongst Māori, Pasifika, and non-Māori/Pasifika infants living in NZ. 

 

Methods 

Study design and data collection methods are described in brief, with further details reported 

elsewhere (17). This study was registered with the Australian New Zealand Clinical Trials Registry, 

ACTRN12620000459921. Ethical approval was granted by the Health and Disability Ethics Committee 

New Zealand (19/STH/151) and funding obtained from the Health Research Council (HRC) of New 

Zealand (grant 19/172). Data collection ran from July 2020 to February 2022. Data collection was 

paused during government-mandated COVID-19-related lockdowns, which occurred for two and a 

half weeks in August 2020, one week in February 2021, and four and a half months in August 2021 in 

Auckland, and for three weeks in August 2021 in Dunedin. All appropriate hygiene measures were 

taken to minimise risk during data collection. 

 

Study Design 

First Foods New Zealand (FFNZ) is an observational cross-sectional study of 625 infants aged 7.0–

10.0 months in NZ. This analysis aims to evaluate and compare infant feeding practices of Māori, 

Pasifika, and non-Māori/Pasifika infants. Infant complementary feeding practices encompass 

method of feeding, such as BLW and traditional spoon-feeding (TSF), pouch use, timing of 

introduction of CFs, and types of first foods offered. The sample size was based on the wider study 

aim of comparing body-mass index (BMI) z-score and plasma ferritin concentration in infants 

following BLW and TSF. This sample size will also allow the estimation of prevalence of frequent 

pouch feeding (PF) to a 95% ± 4% precision level. 

 

Study Participants 

Infants were recruited from two urban centres in NZ: Tāmaki-Makaurau (Auckland) and Ōtepoti 

(Dunedin). Participants were excluded if the caregiver was unable to speak English or if the infant 

had been part of a nutrition intervention study. Participants were recruited from a range of ethnic 

groups and deprivation statuses using advertisements and word-of-mouth. When recruiting in social 
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media groups, special interest groups, such as BLW or infants with allergies, were avoided to 

minimise sampling bias. To ensure ethnic diversity recruitment was targeted in suburbs with higher 

proportions of Māori and Pasifika whānau. An English language information sheet was given to all 

participants and written informed consent was obtained from the primary caregiver.   

 

Data collection  

Demographic Data 

Demographic data was collected via questionnaire which encompassed ethnicity, household 

deprivation, (NZ Deprivation Index 2018 (18)), caregiver education, work status, age, parity, if the 

infant is in childcare, the number of children and adults living in the household, and infant age, sex, 

and gestational age at birth. Mesh block data was used to determine the level of deprivation based 

on the NZ Deprivation Index. Infant ethnicity was self-determined by the caregiver. Respondents 

were asked “what ethnic group does your child belong to?”. Checkbox answer options were “Māori”, 

“Pacific”, “New Zealand European”, or “other”. If the participant selected the “other” option, they 

were prompted to enter free text to describe their ethnicity. For the purposes of this manuscript, 

participants who did not select Māori or Pacific, were categorised as ‘others’. 

 

Feeding Practices Data 

Feeding practices were self-reported by the caregiver via questionnaire, with a researcher present to 

clarify any questions. Caregivers were asked about the timing of the introduction of CFs, pouch use, 

and method of feeding (TSF, BLW, or partial BLW) at the time of CF introduction, at six months, and 

currently. Infants were classified as TSF if “spoon-fed by an adult” or “mostly spoon-fed by an adult, 

some baby feeding themselves” was selected. Infants are classified as partial BLW if “about half 

spoon-fed by an adult and half baby feeding themselves” was selected. Infants were classified as 

BLW if “baby feeding themselves” and “mostly baby feeding themselves, some spoon feeding by an 

adult” was selected.  

 

Participants were asked about the frequency of PF, use of CIF pouches versus re-usable home-filled 

pouches, and the prevalence of infants feeding directly from the pouch nozzle versus from a spoon. 

Infants were designated as either ‘frequent pouch users’ (5 or more pouches per week), ‘sometimes’ 

(1–4 pouches per week), ‘infrequently’ (fewer than one pouch per week), or ‘never’. The way in 

which infants fed from pouches was categorised as “always via the nozzle”, “mostly via the nozzle”, 

“both via the nozzle and spoon”, “mostly via spoon”, and “always via spoon”. The prevalence of 

infants feeding directly from the pouch nozzle was stratified by how frequently they had pouches.  
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Data on the first food offered, texture of the first food, and traditional foods and practices were 

collected via the same questionnaire completed by the caregiver. Participants were invited to 

expand upon their answer with free text. Participants were also asked if they offered their infant 

baby rice, reasons for not offering (if applicable), and frequency of fortified baby rice consumption (if 

applicable).  

 

Statistical Analysis 

Ethnicity data is reported as total response ethnicity as many NZ infants belong to more than one 

ethnic group. Pouch use, BLW, TSF were estimated for the entire sample. The data is presented as 

numbers and percentages. Data was analysed using Stata statistical package (StataCorp).  

 

Results 

A total of 1424 infants were assessed for eligibility, and 625 eligible infants were enrolled in the 

study, all of whom provided written consent and completed the questionnaire. Data were analysed 

for all 625 infants. Within the cohort 131 infants were identified by their caregiver as Māori, and 82 

as Pasifika. The remaining infants are allocated into a single ‘others’ group as the primary focus of 

this manuscript are Māori and Pasifika infants. The mean (SD) infant age was 8.4 months for Māori, 

8.5 months for Pasifika, and 8.4 months for ‘other’ infants. Demographic characteristics are 

presented in table 1.  
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Table 1. Demographic characteristics (n=625) 

 Total response ethnicitye 

 Māori 

 

Pasifika 

 

Others 

n 131 82 450 

Infant age (mo), mean (SD) 8.4 (0.8) 8.5 (0.9) 8.4 (0.8) 

Infant sex, n (%)    

Female  57 (43.5) 35 (42.7) 215 (47.8) 

Total response infant ethnicitya, 

n (%) 

   

Māori 131 (100) 38 (46.3) 0 

Pacific Island  38 (29.0) 82 (100) 0 

New Zealand European 99 (75.6) 45 (54.9) 372 (82.7) 

Southeast Asian 0 0 28 (6.2) 

East Asian 2 (1.5) 3 (3.7) 40 (8.9) 

South Asian 4 (3.1) 3 (3.7) 25 (5.6) 

Other European 6 (4.6) 7 (8.5) 49 (10.9) 

Others 2 (1.5) 0 18 (4.0) 

Term infant born, n (%)      

Pre-term (<37 weeks) 13 (9.9) 8 (9.8) 29 (6.4) 

Term (≥37 weeks) 118 (91.1) 73 (89.0) 421 (93.6) 

Respondent age (years), mean 

(SD) 

30.1 (5.5) 30.3 (6.0) 33.5 (4.3) 

Highest level of education of 

caregiver, n (%) 

   

School 34 (26.0) 23 (28.1) 48 (10.7) 

Polytech or similar  48 (36.6) 21 (25.6) 69 (15.3) 

University 48 (36.6) 37 (45.1) 333 (74.0) 

Caregiver, n (%)    

Mother 130 (99.2) 80 (97.6) 445 (98.9) 

Maternal parity, n (%)    

Primiparous 54 (41.2) 39 (46.3) 229 (50.9) 

Respondent employment 

status, n (%) 

   

Employed full time 17 (13.0) 6 (7.3) 52 (11.6) 

Employed part time 32 (24.4) 14 (17.1) 96 (21.3) 

Otherb 82 (62.6) 62 (75.6) 302 (67.1) 

Number of children living in 

household, n (%) 

   

One  47 (35.9) 28 (34.2) 223 (49.6) 

Two  43 (32.8) 28 (34.2) 142 (31.6) 
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 Total response ethnicitye 

 Māori 

 

Pasifika 

 

Others 

Three 21 (16.0) 11 (13.4) 67 (14.9) 

Four or more  20 (15.3) 15 (18.3) 17 (3.8) 

Number of adults living in 

household, n (%) 

   

One  11 (8.4) 4 (4.9) 13 (2.9) 

Two  92 (70.2) 47 (57.3) 399 (88.7) 

Three 14 (10.7) 14 (17.1) 19 (4.2) 

Four or more  14 (10.7) 17 (20.7) 19 (4.2) 

Childcare usedc, n (%) 27 (20.6) 16 (19.5) 76 (16.9) 

Area-level deprivationd, n (%)    

1–3 (Low)  27 (20.6) 14 (17.1) 144 (32.0) 

4–7 52 (39.7) 35 (42.7) 214 (47.6) 

8–10 (High) 52 (39.7) 33 (40.2) 92 (20.4) 
a Gestational age - data missing for one Pasifika participant; level of education - data missing for one Māori 

and one Pasifika participant; no. of children living in household – data missing for one non-Māori/Pasifika 

participant. 
b “Other” value includes not employed, paid and un-paid parental leave. 
c “Childcare” refers to formal early childhood education or home-based care, but not a nanny or childcare 

provided by an extended family member/friend.  
d Deprivation level defined using the New Zealand Deprivation (NZDep) indices of 2018 (18). NZDep index is 

area based, uses NZ census variables, and calculated for mesh blocks (geographic units containing ~100 

people). “Low” refers to levels 1–3, “Medium” refers to levels 4–7, “High” refers to levels 8–10.  
e Ethnicity is self-identified by the caregiver, and is greater than 100 due to many participants identifying as 

more than one ethnicity 

 

Over half of all groups introduced CF at around six months of age, with only a very small 

proportion initiating complementary feeding before four months. The prevalence of 

timely and non-timely introduction to CF is shown in table 2. 

 

Table 2. Timely and non-timely introduction to complementary food 

 Māori Pasifika Others 

Age complementary foods introduced, 

mean (SD) months 

4.9 (1.1) 4.9 (1.1) 5.3 (0.8) 

< 4 months, n (%) 9 (6.9) 8 (9.8) 3 (<1) 

4.0–<5 months, n (%) 44 (33.6) 20 (24.4) 75 (16.7) 

Total early introduction to CFa, n (%) 53 (40.5) 28 (34.2) 78 (17.3) 

5.0 – <7 monthsa, n (%) 74 (56.5) 51 (62.2) 364 (80.9) 

≥ 7 months, n (%) 4 (3.1) 3 (3.7) 8 (1.8) 
 

aTimely introduction to CF as defined by the Healthy Eating Guidelines for New Zealand Babies and Toddlers (2) 
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Feeding practices are reported in table 3. BLW prevalence increased with age for all groups and was 

highest for Māori and ‘others’.  

 

Table 3. Infant complementary feeding practices by ethnicity (n=625) 

 Māori Pasifika Non-

Māori/Pasifika 

n 131 82 450 

Complementary feeding 

approach when first 

introduced to solids, n (%) 

   

Baby-led weaning 15 (11.5) 3 (3.7) 56 (12.4) 

Partial baby-led weaning 5 (3.8) 1 (1.2) 18 (4.0) 

Traditional spoon-feeding 111 (84.7) 78 (95.1) 376 (83.3) 

Complementary feeding 

approach at 6 months, n (%) 

   

Baby-led weaning 18 (13.7) 5 (6.1) 61 (13.6) 

Partial baby-led weaning 22 (16.8) 5 (6.1) 44 (9.8) 

Traditional spoon-feeding 91 (69.5) 72 (87.8) 345 (76.7) 

Current complementary 

feeding approach, n (%) 

   

Baby-led weaning 38 (29.2) 14 (17.1) 123 (27.3) 

Partial baby-led weaning 32 (24.6) 21 (25.6) 109 (24.2) 

Traditional spoon-feeding 60 (46.2) 47 (57.3) 218 (48.4) 

Ever used baby-led weaning    

Don’t know what it is 27 (20.8) 22 (26.8) 30 (6.7) 

Yes, all or most of the time 23 (17.7) 10 (12.2) 80 (17.8) 

Yes, some of the time 50 (38.5) 29 (35.4) 206 (45.8) 

Yes, tried it but stopped 9 (6.9) 4 (4.9) 22 (4.9) 

No 21 (16.2) 17 (20.7) 112 (24.9) 

 

 

Types and textures of first CFs provided to infants are reported in table 4. Most infants had a pureed 

textured first food (Māori: 78.5%; Pasifika 81.7%; ‘others’: 81.1%). Over half of all infants had red 

meat at approximately six months of age (Māori: 54.6%; Pasifika 63.4%; ‘others’: 61.8%), and 

approximately half had iron-fortified baby rice at the same age (Māori: 57.3%; Pasifika 56.1%; 

‘others’: 48.7%). Age-inappropriate drinks (drinks other than breast milk, formula, and water) were 

given to 17.6% of Māori infants, 20.7% of Pasifika infants and 3.8% of ‘other’ infants. Vegetables 

were the most common first food offered to the infants (Māori: 38.5%; Pasifika 35.4%; ‘others’: 
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52.0%), and traditional foods, or traditional practices for food preparation, were used with 9.1% of 

Māori infants and 20.7% of Pasifika infants. 

 

Table 4. Types and textures of complementary foods 

 Māori Pasifika Non-

Māori/Pasifika 

Texture of first food, n (%)    

Pureed 102 (78.5) 67 (81.7) 365 (81.1) 

Mashed 10 (7.7) 11 (13.4) 31 (6.9) 

Chopped 0 0 1 (0.2) 

Finger food 17 (13.1) 3 (3.7) 44 (9.8) 

Other 1 (0.8) 1 (1.2) 9 (2.0) 

Baby rice consumed at ~6 

months of age, n (%) 

   

Yes 75 (57.3) 46 (56.1) 219 (48.7) 

No, offered but baby 

refused 

12 (9.2) 12 (14.6) 47 (10.4) 

No, I don’t agree with it 18 (13.7) 8 (9.8) 96 (21.3) 

No, I don’t think it’s safe 1 (0.8) 3 (3.7) 9 (2.0) 

No, my baby hadn’t started 

solids 

3 (2.3) 2 (2.4) 3 (0.7) 

No, another reason 22 (16.8) 11 (13.4) 76 (16.9) 

Frequency of baby rice 

consumption at ~6 months of 

age, n (%) 

   

Never 56 (42.8) 36 (43.9) 231 (51.3) 

Infrequently (<4 times per 

month) 

5 (3.8) 1 (1.2) 17 (3.8) 

Sometimes (1–4 times per 

week) 

25 (19.1) 16 (19.5) 73 (16.2) 

Frequently (5+ times per 

week) 

45 (34.4) 29 (35.4) 129 (28.7) 

Red meat consumed at ~6 

months of age, n (%) 

   

Yes 71 (54.6) 52 (63.4) 278 (61.8) 

No, offered but baby 

refused 

9 (6.9) 4 (4.9) 23 (5.1) 

No, I don’t agree with it 6 (4.6) 2 (2.4) 25 (5.6) 

No, I don’t think it’s safe 11 (8.5) 8 (9.8) 32 (7.1) 
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 Māori Pasifika Non-

Māori/Pasifika 

No, my baby hadn’t started 

solids 

7 (5.4) 3 (3.7) 17 (3.8) 

No, another reason 26 (20.0) 13 (15.9) 75 (16.7) 

Frequency of red meat 

consumption at ~6 months of 

age, n (%) 

   

Never 60 (45.8) 30 (36.6) 172 (38.2) 

Infrequently (<4 times per 

month) 

7 (5.3) 6 (7.3) 28 (6.2) 

Sometimes (1–4 times per 

week) 

49 (37.4) 32 (39.0) 182 (40.4) 

Frequently (5+ times per 

week) 

15 (11.5) 14 (17.1) 68 (15.1) 

Other drinks currently 

offered, n (%) 

   

Cow’s milk, soy milk, or 

other milk alternative 

7 (5.3) 1 (1.2) 3 (0.7) 

Tea 2 (1.5) 0 0 

Fruit juices/drinks 13 (9.9) 13 (15.9) 14 (3.1) 

Coconut water 1 (0.8) 3 (3.7) 0 

First food offered, n (%)    

Baby rice 30 (23.1) 24 (29.3) 84 (18.7) 

Fruit 37 (28.5) 20 (24.4) 98 (21.8) 

Vegetables 50 (38.5) 29 (35.4) 234 (52.0) 

Bread/cereals 2 (1.5) 1 (1.2) 13 (2.9) 

Other 

Meat 

8 (6.15) 

3 (2.31) 

6 (7.3) 

2 (2.4) 

8 (1.8) 

13 (2.9) 

Traditional foods or practices 

used when starting solids, n 

(%) yes 

12 (9.2) 16 (19.5) 26 (5.8) 

Traditional or cultural foods 

are currently given to baby, n 

(%) yes 

12 (9.2) 17 (20.7) 23 (5.1) 

 

Prevalence of pouch use is reported in table 5. The table data shows most infants have tried a 

pouch, and an increasing prevalence of pouch use between being introduced to CFs and six months 

of age.  
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Table 5. Pouch use and ethnicity 

Use of baby food 

pouches, n (%)a 

Māori Pasifika Others 

When first 

introduced to solids 

51 (38.9) 29 (35.4) 104 (23.1) 

At 6 months 85 (64.9) 48 (58.5) 194 (43.1) 

Ever 117 (89.3) 70 (85.4) 340 (75.6) 
aCommercial baby food pouches with a nozzle attached 

 

 The frequency of pouch use by ethnicity at the time of starting CFs, at six months of age, and 

currently is shown in Figure 1. Data within the figure illustrates that pouch use increases with age 

and is shown as %, with full data reported in supplementary table I.  

Data in figure 1 shows pouch use by ethnicity at the time of starting CFs, at six months of age, and 

illustrates that pouch use increases with time. 
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Figure 1.  

Frequency of pouch use by ethnicity when starting complementary foods, at 6 months of age, and 

currently. ‘Infrequently’: <4 times per month; ‘Sometimes’: 1–4 times per week; ‘Frequently’: 5+ 

times per week. Māori: n=131; Pasifika: n=82; non-Māori/Pasifika: n=450. 

 

 

The way in which pouches were fed at time of starting CFs, at six months of age, and currently is 

shown in figure 2. An increasing proportion of infants from all three groups were fed directly from 

the nozzle over time, with the percent shown in the figure and full data shown in supplementary 

table I. 
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Figure 2. How pouches were fed by ethnicity when starting complementary foods, at 6 months, and 

currently. 

 

The proportion of infants sucking the food from the nozzle stratified by how frequently pouches 

were used is shown in figure 3. For infants who ‘frequently’ had pouches, 27.1% of Māori, 25% of 

Pasifika, and 12% of ‘others’ always or mostly sucked from the nozzle. Proportion data is displayed in 

supplementary table II. Proportion data for the time points of “around six months of age” and “when 

starting solids” are shown in supplementary tables III and IV respectively. 

4%

11%

6%

7%

17%

15%

86%

72%

79%

0% 20% 40% 60% 80% 100%

Others

Pasifika

Māori

Always nozzle Mostly nozzle Nozzle & spoon Mostly spoon Always spoon

5%

8%

13%

6%

5%

8%

4%

4%

6%

10%

13%

76%

77%

66%

0% 20% 40% 60% 80% 100%

Others

Pasifika

Māori

Always nozzle Mostly nozzle Nozzle & spoon Mostly spoon Always spoon

7%

21%

14%

8%

4%

8%

8%

3%

6%

16%

26%

23%

62%

46%

50%

0% 20% 40% 60% 80% 100%

Others

Pasifika

Māori

Always nozzle Mostly nozzle Nozzle & spoon Mostly spoon Always spoon

Currently 

At six months 

of age 

When starting 

complementary 

foods 



141 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Proportion of infants currently fed by nozzle stratified by frequency of pouch use. 
‘Infrequently’: <4 times per month; ‘Sometimes’: 1–4 time per week; ‘Frequently’: 5+ times per 

week.  

 

When asked about traditional cultural infant feeding practices, six Pasifika caregivers described using 

ma ma, (pre-mastication) to modify the texture and temperature of the infant’s food. Two Pasifika 

and two Māori caregivers reported using a hāngī or umu to cook food. The most common traditional 

food reported was taro, followed by taro leaves. Supplementary table V shows all participant 

responses describing cultural foods and practices.  
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Discussion 

The changing landscape of complementary feeding practices stands to have both positive and 

negative effects on child growth and development. Given that Māori and Pasifika infants bear the 

greatest burden of inequitable health outcomes related to nutrition in NZ it is important that 

research considers the equity impacts of changing feeding practices. FFNZ identified and described 

detailed characteristics of current infant feeding practices in Māori and Pasifika infants living in NZ, 

including novel infant feeding methods of BLW and PF. The timing of the introduction to CFs, 

characteristics of first foods offered, pouch use, and prevalence of BLW have been stratified by 

ethnicity to allow for an intra-ethnic evaluation. These aspects of infant feeding have the potential 

to impact nutrition-related health outcomes for infants.  

 

Summary of findings 

The mean age of initiating complementary feeding was considerably younger than the MoH and 

WHO guidelines across all ethnicities. The prevalence of BLW across all ethnicities was lowest when 

the infants were first introduced to CFs, and highest when the infants were aged between 7 and 10.0 

months. The majority of caregivers in all ethnicities had tried BLW at least once. Both prevalence and 

frequency of pouch use were lowest at the time of introducing CFs and highest at the current time 

across all ethnicities. The proportion of infants feeding directly from the nozzle increased from when 

CFs were first introduced to the present time. The majority of infants consumed either red meat or 

iron-fortified baby rice at the age of six months. The prevalence of drinks other than formula, breast 

milk, or water offered was low. First foods offered were predominantly vegetables for all ethnicities. 

There is little evidence of use of cultural foods and practices, possibly as these are the norm, and not 

seen as “special” practices.  

 

Timing of introduction of complementary foods 

The WHO recommend that CFs are introduced when the infant is around six months of age (1), 

advice echoed by the MoH in NZ (19). Late introduction is associated with increased risks for food 

allergies, faltering growth (20, 21), iron deficiency anaemia (22), poor food acceptance (23), and 

later development of oral motor skills (24). Early introduction is associated with increased iron 

deficiency, gastrointestinal infections (20, 25, 26), and respiratory illnesses (27). Infants across all 

ethnicities in the present study were represented in those who were introduced to solid foods 

earlier than recommended. Comparisons to other studies is made challenging by the use of differing 

cut-offs to define food introduction as non-timely. The Growing Up in New Zealand (GUiNZ) study 

investigated the early introduction of CFs by ethnicity in a cohort of 5725 infants born between 2007 
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and 2010, and found that 57% of Māori, 46% of Pasifika, and 36% of ‘other’ infants started CFs at ≤4 

months (28). Grant et. Al. (2007) documented time of food introduction in an ethnically diverse 

cohort (n=318) and found that 21% introduced CFs between 0 and 3 months of age, 54% between 

five and six months of age, and 24% at six months or older. The findings from the present study 

suggest that the practice of early introduction is diminishing (41% of Māori infants, 34% of Pasifika 

infants, and 17% of ‘other’ infants) but is still concerning, particularly in light of the higher burden of 

gastrointestinal and respiratory tract illnesses reported for Māori and Pasifika infants (27, 29-33). 

 

Baby-led weaning prevalence 

The prevalence of BLW was measured at three different time points: when initiating complementary 

feeding, at six months of age, and currently. Infants were most likely to be baby-led weaned at the 

‘current’ time point. Infant feeding guidelines recommend the introduction of finger food between 

seven and nine months of age, and because BLW was defined by degree to which the infant was self-

feeding, it is not clear if the increased prevalence of BLW at this time point is due to this, or a specific 

intention by the parent to use BLW. The rate of BLW at around six months of age may be a better 

indicator of the true proportion, as it is probable that a greater proportion of infants would be 

naturally having finger foods and self-feeding between seven and ten months than at 6 months. This 

study found that at 6 months of age 13.7% of Māori, 6.1% of Pasifika, and 13.6% of ‘other’ infants 

identified as being baby-led weaned. This suggests that there is a low prevalence of BLW in all ethnic 

groups, and although these findings may not be generalisable to the general population, it is a large 

cohort with diverse socio-economic backgrounds and ethnicities.   

 

While this study provides some insight into the prevalence of BLW in NZ, this data must be 

interpreted with caution due to a self-selected sample from two urban centres. BLW was not 

referred to during the recruitment stages to help reduce bias. A small 2013 study (n=199) in NZ 

completed an online survey, showing that 21% of the sample reported using partial BLW, and 8% 

used strict BLW. A second online survey in 2018 (n=876) found that 11% of the sample followed a 

partial BLW approach, and 18% used strict BLW. Both studies are subject to self-selection bias with 

the sampling method, and the latter study had an average infant age of 17 months, introducing the 

potential for recall bias.  

 

Baby food pouch use 

Baby food pouches are relatively new to the market but have rapidly become the predominant form 

of packaging. Studies investigating the prevalence of pouch are scarce, and very limited research on 
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whether the infant feeds directly from the pouch or via a spoon was identified. In the present study 

pouches were used by the majority of infants across all ethnicities, with 67.9% of Māori, 64.7% of 

Pasifika, and 48% of ‘other’ infants having pouches frequently or sometimes. The proportion of 

infants feeding directly from the pouch increased with age in the present study. This is a troubling 

trend, as expert groups have advised against sucking food directly from pouches due to concerns 

around potential detrimental impact to dental health, nutrient and energy intake (11, 34). 

 

Pouches in NZ are higher in total sugar than equivalent CIFs in other packaging, with more than 

three times as much total sugars in pouches than equivalent non-pouches (8). The higher total 

sugars and acid content of fruit pouches in particular increases the risk of dental caries developing. 

This risk is exacerbated when the product is sucked directly from the pouch nozzle, as the teeth are 

bathed in the food for a longer period of time than with spoon feeding or finger food (11). Increased 

total sugars intake may also decrease dietary diversity, prevent adequate nutrient intake through 

displacement of other nutrients, and can be associated with increased risk in later life of type 2 

diabetes mellitus and cardiovascular disease (35-37). Infants also have an innate preference for 

sweet tastes, and increased exposure may reinforce this preference long term (37). Māori and 

Pasifika children have a high rate of dental caries and as adults a large burden of diabetes and 

associated co-morbidities. In light of this, it is concerning that the majority of Māori and Pasifika 

infants in the present study used pouches at least once a week, and that the majority of these users 

regularly sucked the food directly from the pouch. 

 

Iron is another nutrient of concern with pouches. A 2021 review of pouches in NZ revealed that none 

were fortified with iron and contained a median of just 0.3 mg/100g (8). Dry infant cereal in NZ has 

mandatory minimum requirements for iron fortification of 20 mg/100g (38), however as pouch food 

is in wet form, it is exempt from these requirements. Additionally, meat-based pouches contain little 

meat, with an average of just 5–10% — even if the pouch label has beef, lamb, or pork in the title 

(8). This presents a particular concern given that the majority of Māori and Pasifika infants having 

pouches frequently or sometimes, and historically are suggested to have high rates of ID and IDA. 

 

With pouches rapidly becoming the predominant form of packaging for CIF, further research into 

why there is such a discrepancy between the iron and sugar content compared with tinned, jar, or 

boxed CIF. The current legislation for iron fortification is only required for dry cereal-based foods, 

which may account for the lack of iron in pouch food, which is in wet form. There is also no 

minimum requirement for the amount of meat contained in a meat-based CIF which could further 
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impact the iron content. In regard to the higher sugar content, it is unclear whether this is related to 

a manufacturing process or for a desire to make the food more palatable to infants. 

 

From a cultural perspective for Māori infants, the practice of infants self-feeding with pouches is a 

move away from the mātauranga Māori of traditional cultural infant feeding practices that support a 

strong connection to te ao Māori: infants who self-feed via the nozzle do not benefit from the close 

and responsive interaction of eating with and sharing the whānau meals. Similarly for Pasifika 

infants, the sharing of foods and eating with the ‘aiga (family) stems from the role of food in 

togetherness, health, and tradition. However, it is important to acknowledge that the convenience 

of pouches meet a need and fit with the lived reality of many whānau. Ways to mitigate the negative 

impacts of pouch use while understanding the motivation for their use need to be considered. 

 

Strengths and limitations 

This is the first study to comprehensively describe infant complementary feeding practices in NZ by 

ethnicity. Strengths include the large sample size, and the range of ethnicities reflecting that of the 

greater NZ population. Limitations of the study were a self-selecting sample. The study also only 

included infants living in two main urban centres so may not be representative of the general 

population. Care was taken to ensure BLW was not mentioned during advertising and the 

recruitment stages to limit bias. The way in which BLW was measured at the current time point (7–

10 months) may result in an over-representation of the true prevalence. BLW was determined by the 

amount the infant self-fed, without specifically asking if BLW was used. However, this is a time when 

finger foods are generally introduced, so it is not clear if the increased prevalence at this time point 

is due to this, or a specific intention by the parent to use BLW.  

 

Conclusion 

This study has provided insight into complementary feeding practices in NZ. The key areas of 

concern identified were the prevalence of early introduction to CF, the prevalence of pouch use, and 

the proportion of infants sucking directly from the pouch nozzle. CF was introduced at ≤4 months for 

less than half of all three groups. Pouch use was common amongst all ethnicities and increased with 

time. Concerningly, of infants who frequently consumed pouches fewer than half of Māori and 

Pasifika infants and just over half of ‘other’ infants were always fed pouches from a spoon. This 

understanding of where the greatest support for infant feeding is needed will help inform future 

research. This is important information for our most vulnerable populations, as under Te Tiriti o 

Waitangi obligations all whānau in NZ have the right to an environment where healthful traditional 
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cultural food and practices are readily accessible, but due to social determinants disproportionately 

experienced by Māori whānau and the Pasifika community these groups are over-represented in 

poor health outcomes. Facilitating Māori- and Pasifika-centred approaches to supporting whānau 

and communities with infant feeding need to be urgently implemented to better support parents 

and caregivers in providing the best possible nutrition to their tamariki. 
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Supplementary Tables 

 

Table I. Frequency of pouch use and method of pouch feeding (shown diagrammatically in Figure X) 

 

n 

Māori Pasifika Non-

Māori/Pasifika 

131 82 450 

Frequency of pouch use when 

starting solids, n (%) 

   

Never 97 (74.1) 64 (78.1) 392 (87.1) 

Infrequently (<4 times per 

month) 

4 (3.1) 1 (1.2) 4 (0.9) 

Sometimes (1–4 times per 

week) 

15 (11.5) 6 (7.3) 20 (4.4) 

Frequently (5+ times per 

week) 

15 (11.5) 11 (13.4) 34 (7.6) 

Frequency of pouch use at 6 

months, n (%) 

   

Never 47 (35.9) 35 (42.7) 257 (57.1) 

Infrequently (<4 times per 

month) 

14 (10.7) 8 (9.8) 50 (11.1) 

Sometimes (1–4 times per 

week) 

28 (21.4) 15 (18.3) 77 (17.1) 

Frequently (5+ times per 

week) 

42 (32.1) 24 (29.3) 66 (14.7) 

Frequency of pouch use 

currently, n (%) 

   

Never 16 (12.2) 12 (14.6) 130 (28.9) 

Infrequently (<4 times per 

month) 

26 (19.9) 17 (20.7) 104 (23.1) 

Sometimes (1–4 times per 

week) 

32 (24.4) 13 (15.9) 115 (25.6) 

Frequently (5+ times per 

week) 

57 (43.5) 40 (48.8) 101 (22.4) 

How pouches were fed when 

starting solids, n (%) 

n=34 n=18 n=58 

Always via nozzle 2 (5.9) 2 (11.1) 2 (3.5) 

Mostly via nozzle 0 0 1 (1.7) 

Both via nozzle and spoon 0 0 1 (1.7) 

Mostly via spoon 5 (14.7) 3 (16.7) 4 (6.9) 
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Always via spoon 27 (79.4) 13 (72.2) 50 (86.2) 

How pouches were fed at 6 

months, n (%) 

n=85 n=48 n=192 

Always via nozzle 11 (12.9) 4 (8.3) 10 (5.2) 

Mostly via nozzle 4 (4.7) 0 11 (5.7) 

Both via nozzle and spoon 3 (3.5) 2 (4.2) 15 (7.8) 

Mostly via spoon 11 (12.9) 5 (10.4) 11 (5.7) 

Always via spoon 56 (65.9) 37 (77.1) 145 (75.5) 

How pouches were fed 

currently, n (%) 

n=117 n=70 n=338 

Always via nozzle 16 (13.7) 15 (21.4) 23 (6.8) 

Mostly via nozzle 9 (7.7) 3 (4.3) 27 (8.0) 

Both via nozzle and spoon 7 (6.0) 2 (2.9) 26 (7.7) 

Mostly via spoon 27 (23.1) 18 (25.7) 54 (16.0) 

Always via spoon 58 (49.6) 32 (45.7) 208 (61.5) 
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Table II. Frequency of pouch use and how pouches were fed by ethnicity in the last month (shown 

diagrammatically in Figure 1) 

 Māori 

n (%) 

Pacific 

n (%) 

Others 

n (%) 

 n=115 n=70 n=318 

Infrequently n=26 n=17 n=103 

 Always nozzle 1 (3.9) 5 (29.4) 10 (9.7) 

 Mostly nozzle 2 (7.7) 0 10 (9.7) 

 Both nozzle & 

spoon 

0 1 (5.9) 5 (4.9) 

 Mostly spoon 6 (23.1) 4 (23.5) 17 (16.5) 

 Always spoon 17 (65.4) 7 (41.2) 61 (59.2) 

Sometimes n=32 n=13 n=115 

 Always nozzle 2 (6.3) 3 (23.1) 5 (4.4) 

 Mostly nozzle 3 (9.4) 0 8 (7.0) 

 Both nozzle & 

spoon 

3 (9.4) 0 7 (6.1) 

 Mostly spoon 6 (18.8) 4 (30.8) 20 (17.4) 

 Always spoon 18 (56.3) 6 (46.2) 75 (65.2) 

Frequently n=57 n=40 n=100 

 Always nozzle 12 (21.1) 7 (17.5) 6 (6.0) 

 Mostly nozzle 4 (7.0) 3 (7.5) 6 (6.0) 

 Both nozzle & 

spoon 

4 (7.0) 1 (2.5) 11 (11.0) 

 Mostly spoon 15 (26.3) 10 (25.0) 16 (16.0) 

 Always spoon 22 (38.6) 19 (47.5) 61 (61.0) 

‘Infrequently’: <4 times per month: ‘Sometimes’: 1 – 4 times per week; ‘Frequently’: 5+ times per 

week. 
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Table III. Frequency of pouch use and how pouches were fed by ethnicity around six months of age 

(shown diagrammatically in Figure 2) 

 Māori 

n (%) 

Pacific 

n (%) 

Others 

n (%) 

 n=84 n=47 n=191 

Infrequently n=14 n=8 n=49 

 Always nozzle 0 0 3 (6.1) 

 Mostly nozzle 1 (7.1) 0 4 (8.2) 

 Both nozzle & 

spoon 

0 0 1 (2.0) 

 Mostly spoon 1 (7.1) 1 (12.5) 7 (14.3) 

 Always spoon 12 (85.7) 7 (87.5) 34 (69.4) 

Sometimes n=28 n=15 n=76 

 Always nozzle 3 (10.7) 1 (6.7) 4 (5.3) 

 Mostly nozzle 2 (7.1) 0 4 (5.3) 

 Both nozzle & 

spoon 

1 (3.6) 1 (6.7) 8 (10.5) 

 Mostly spoon 3 (10.7) 1 (6.7) 2 (2.6) 

 Always spoon 19 (67.9) 12 (80.0) 58 (76.3) 

Frequently n=42 n=24 n=66 

 Always nozzle 7 (16.7) 3 (12.5) 3 (4.6) 

 Mostly nozzle 1 (2.4) 0 3 (4.6) 

 Both nozzle & 

spoon 

2 (4.8) 1 (4.2) 6 (9.1) 

 Mostly spoon 7 (16.7) 3 (12.5) 1 (1.5) 

 Always spoon 25 (59.5) 17 (70.8) 53 (80.3) 

‘Infrequently’: <4 times per month: ‘Sometimes’: 1 – 4 times per week; ‘Frequently’: 5+ times per 

week. 
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Table IV. Frequency of pouch use and how pouches were fed by ethnicity when starting solids 

(shown diagrammatically in Figure 3) 

 Māori 

n (%) 

Pacific 

n (%) 

Others 

n (%) 

 n=34 n=18 n=58 

Infrequently n=4 n=1 n=4 

 Always nozzle 0 0 0 

 Mostly nozzle 0 0 0 

 Both nozzle & 

spoon 

0 0 0 

 Mostly spoon 0 0 1 (25.0) 

 Always spoon 4 (100) 1 (100) 3 (75.0) 

Sometimes n=15 n=6 n=20 

 Always nozzle 0 0 1 (5.0) 

 Mostly nozzle 0 0 1 (5.0) 

 Both nozzle & 

spoon 

0 0 0 

 Mostly spoon 3 (20.0) 1 (16.7) 2 (10.0) 

 Always spoon 12 (80.0) 5 (63.6) 16 (80.0) 

Frequently n=15 n=11 n=34 

 Always nozzle 2 (13.3) 2 (18.2) 1 (2.9) 

 Mostly nozzle 0 0 0 

 Both nozzle & 

spoon 

0 0 1 (2.9) 

 Mostly spoon 2 (13.3) 2 (18.2) 1 (2.9) 

 Always spoon 11 (73.3) 7 (63.6) 31 (91.2) 

‘Infrequently’: <4 times per month: ‘Sometimes’: 1 – 4 times per week; ‘Frequently’: 5+ times per 

week. 
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Table V. Māori and Pasifika cultural foods, feeding, and cooking practices (total response) 

Food 

 

Māori, n  Pasifika, n  

When starting 

solids 
Currently 

When starting 

solids 
Currently 

Kumara 1 0 2 3 

Taro 2 2 5 7 

Taro leaves 3 3 4 6 

Corned beef 0 0 0 1 

Pumpkin 1 0 1 0 

Green banana 0 0 0 1 

Coconut cream 1 1 1 1 

Titi (mutton bird) 1 1 1 1 

Cassava 0 1 1 1 

‘Ota ika/Oka I’a (raw 

fish salad) 
0 0 0 1 

Kaimoana (seafood) 1 0 1 3 

Palusami/Lu Sipi/Lu 

Pulu*  
0 0  3 

Chop-suey 0 0 1 0 

Koko rice**  0 1 0 1 

 

Practices / Cooking methods 

Karakia before eating 1 0 1 0 

Food cooked in hāngī or 
umu 
 

1 1 2 1 

Ma ma (Pre-

mastication) 
1 0 6 0 

Boil-up 1 1 1 1 

Eating together with the 
whānau 

1 0 1 0 

*Corned beef or lamb with vegetables and coconut milk, wrapped in taro leaves and cooked. 
** Samoan cocoa with rice 
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Chapter 5  |  Upoko Tuarima 

Energy and nutrient intake from complementary foods amongst 

Māori, Pasifika, and other infants in Aotearoa New Zealand 
 

 

 

This chapter reports the findings of the First Foods New Zealand study relating to nutrient intake 

from complementary foods and the nutrient density of complementary foods by ethnicity.  

 

This report is presented in manuscript format and will be submitted to a peer-reviewed journal for 

publication in the future. Online statement of contribution can be reviewed in Appendix I. 
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Abstract 

Background: Complementary food (CF) has the critical role of filling the gap between the nutrients 

provided via breast or formula milk and the total requirements of the infant. Due to the high 

nutrient requirements of infants, CFs must be nutrient dense to fulfil nutrient requirements while 

meeting the energy requirements. Understanding where the nutrient gaps are in the infant’s 

complementary diet is important to help identify interventions and future research, particularly for 

Māori and Pasifika infants who have a higher burden of disease than other ethnicities in New 

Zealand (NZ).   

Aim: The aim of this study was to describe the nutrient intake and nutrient density from 

complementary foods amongst Māori, Pasifika, and ‘other’ infants living in NZ.  

Methods: Data were collected from 625 infants aged 7–10.0 months in two main urban centres in 

NZ between July 2020 and February 2022. Usual nutrient intake from complementary food was 

measured from two multiple-pass 24-hour recalls using the multiple-source method. Nutrient 

density was calculated as the concentration of selected nutrients per 418 kJ (100 kcal) of energy. 

Ethnicity was reported as total response, with those who did not select either Māori or Pacific 

categorised into a single ‘other’ group. 

Results: Energy intake increased between 7.0 and 10.0 months of age for all groups and was higher 

overall for boys than girls. Māori and Pasifika girls had a lower energy intake from CF than ‘other’ 

girls, and Pasifika boys had a higher energy intake from CFs than Māori and ‘other’ boys. Māori 

infants had significantly less protein intake as a percentage of total energy intake compared to 

‘other’ infants, and both Māori and Pasifika had a significantly lower proportion of energy from fat 

than ‘others’, with 27%, 25%, and 31% respectively. The proportion of energy from carbohydrates 

was significantly lower for ‘others’ than for Māori and Pasifika. The proportion of sugar as a 

percentage of total energy intake was 25% for both Māori and Pasifika, and 22% for ‘others’. This 

difference was significant between Māori and ‘others’, and there was a non-significant but trending 

difference between Pasifika and ‘others’. Iron, zinc, and calcium densities were inadequate for all 

groups. Māori and ‘others’ had an iron density of 0.8 mg/418 kJ, and Pasifika 0.9 mg/418 kJ, 

compared to the required density of 3.0–4.5 mg/418 kJ. Zinc density was 0.5 mg/418 kJ for all groups 

compared to the required 1.1–16 mg/418 kJ. Calcium density was 37 mg/418 kJ for Māori, 40 

mg/418 kJ for Pasifika, and 38 mg/418 kJ for ‘others’, compared to the required density of 74 – 105 

mg/418 kJ. The desired density for vitamin A, vitamin C, and vitamin B12 was met for all groups. 

Conclusion: These findings provide greater understanding of the nutrient quality of the 

complementary diet for infants in NZ, and show a consistent inadequate nutrient density for iron, 
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zinc, and calcium among infants of all ethnic groups. More research to assess ways to improve 

nutrient density to help close the current gaps is needed.  

 

Introduction 

Complementary foods (CF) are recommended from approximately six months of age, when infants’ 

nutritional requirements start to exceed that provided by breast milk or infant formula alone and 

coincide with developmental readiness for eating solid food (1, 2). The infant needs to obtain 

essential nutrients for healthy growth and development from a range of foods. This is also a time 

where food preferences and eating behaviours are shaped, with the infant having the opportunity to 

explore different tastes and textures. There is extensive evidence to support the relationship 

between nutrition from complementary food and health outcomes throughout the life cycle, 

particularly non-communicable diseases such as type 2 diabetes and cardiovascular disease (3, 4), 

and neurocognitive development related to iron status (5). Despite this, very little is known about 

the nutrient intake of infants from CFs in Aotearoa New Zealand (NZ).  

 

Key nutrients infants require from CFs are energy, protein, fat, carbohydrate, fibre iron, zinc, 

calcium, iodine, selenium, folate, and vitamins A, B12 and C. Other key nutrients that are not 

primarily obtained via the diet are fluoride and vitamin D (2). Typical assessment of the nutritional 

adequacy of the infant’s diet involves measuring the nutrient intake from CFs and milk feeds, 

followed by a comparison to the estimated average requirements (EAR). However, this approach 

does not take into consideration energy, as the nutrient requirements stay the same regardless of 

energy intake. Using nutrient density (the ratio of nutrient to energy) captures energy intake as well. 

Developing this further, a reference nutrient density can be established, and this is referred to as the 

“critical nutrient density” (6). A diet with an adequate critical nutrient density will meet the 

recommended intake when the energy requirements are met, with any gaps between the nutrient 

density of the diet and the critical nutrient density highlighting the nutrients of concern. This is a 

particularly useful approach to apply to the infant’s complementary diet as CFs are appropriate to 

manipulate (unlike breast or formula milk).    

 

Infants have high nutrient requirements per kilogram of body weight compared to any other life 

stage, so CF must be nutrient dense to close the gap. Excess saturated fat and sugar from CFs on the 

other hand have a detrimental impact on the health of infants, is linked to increased dental caries, 

reduced dietary diversity, and development a sweet taste preference that can be life-long (7), and in 

later life increased morbidity — particularly type 2 diabetes and cardiovascular disease (7-9).  
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With ethnicity being the greatest predictor of nutrition-related health outcomes in NZ (10), it is 

important to understand where the nutrient gaps are in the infant diet – particularly for Māori and 

Pasifika infants, who bear the greatest burden of communicable and non-communicable disease (11, 

12). Currently very little is known about the CF intake of infants in NZ, and while some insight was 

provided by the Baby-Led Introduction to Solids (BLISS) study indicating adequate energy, protein, 

fat, vitamin C, calcium, and zinc, but inadequate carbohydrate and iron from CF and milk feeds 

combined (13), these data come from a small control group of 77 infants and does not examine 

nutrients from CFs. The Growing Up In New Zealand study found that Māori and Pasifika infants had 

a lower adherence to feeding guidelines (14), which is suggestive of a poorer quality diet, but as data 

were obtained from food frequency questionnaires, nutrient density calculations are more 

problematic. This highlights the need to understand the nutrient intake of NZ infants by ethnicity, 

and the nutrient density of CFs to help better support improving the choices that parents make. To 

the best of the authors’ knowledge this is the first study of its kind in NZ specifically to assess 

nutrient intake from, and density of, CFs independently of breast or formula milk. Therefore, the 

purpose of the present study was to investigate and describe NZ infants’ nutrient intake from, and 

density of, CFs stratified by ethnicity.  

 

Methods 

Study design and data collection methods are described in brief in the following section, with further 

details reported elsewhere (15). This observational study was registered with the Australian New 

Zealand Clinical Trials Registry, ACTRN12620000459921. Ethical approval was granted by the Health 

and Disability Ethics Committees New Zealand (19/STH/151) and was funded in May 2019 by the 

Health Research Council (HRC) of New Zealand (grant 19/172). Data collection ran from July 2020 to 

February 2022. Data collection was paused during government-mandated COVID-19-related 

lockdowns, which occurred for two and a half weeks in August 2020, one week in February 2021, 

and four and a half months in August 2021. All appropriate hygiene measures were taken to 

minimise risk. 

 

Study Design 

First Foods New Zealand (FFNZ) is an observational cross-sectional study of 625 infants aged 7.0 – 

10.0 months in NZ. The analysis aims to evaluate and compare nutrient intake from complementary 

food for Māori, Pasifika, and non-Māori/Pasifika infants. The age range was chosen as it is close to 

the time where infants are introduced to CF, with the narrow age range allowing for the rapidly 

changing diet in infancy. The sample size was based on the wider study aim of comparing BMI z-
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score and plasma ferritin concentration in infants following baby-led weaning and traditional spoon-

feeding (15). 

 

Study Participants 

A total of 625 infants aged 7.0–10.0 months were recruited from two urban centres in NZ: Tāmaki-

Makaurau (Auckland) and Ōtepoti (Dunedin). Participants were excluded if the adult respondent was 

unable to speak English or if the infant had been part of a nutrition intervention study. Participants 

were recruited through advertisements and word-of-mouth, whilst avoiding special interest groups, 

such as baby-led weaning groups. To ensure ethnic diversity, recruitment was targeted in suburbs 

with higher densities of Māori and Pasifika whānau (families). An information sheet was given to all 

participants and written informed consent was obtained.  

  

Data collection  

Demographic Data 

The data for this paper were collected at an appointment conducted either in the participant’s home 

or at the University research unit, according to the participant’s preference. At the first visit 

demographic data were collected via questionnaire which encompassed ethnicity, household 

deprivation, (NZ Deprivation Index 2018 (16)), maternal education, maternal work status, and 

childcare use. Where possible, NZ census questions were used. Mesh block data were used to 

determine the level of deprivation based on the NZ Deprivation Index. Infant ethnicity was self-

identified by the caregiver. Respondents were asked “what ethnic group does your child belong to?”. 

Checkbox answer options were “Māori”, “Pacific”, “New Zealand European”, or “other”. If the 

participant selected the “other” option, they were prompted to enter free text to describe their 

ethnicity. For the purposes of this paper, if the participant did not select either Māori or Pacific, they 

were categorised as ‘others’ and this is how they are referred to forthwith.    

 

Dietary data 

Dietary data were obtained from two non-consecutive 24-hour recalls collected by trained 

interviewers at the first and second appointments. The recalls were collected on different days of 

the week, which captured between-day variation in dietary intake. The 24-hour recalls captured 

everything the infant ate and drank from midnight to midnight. The caregiver was asked to take 

photographs of the eating surface, including the offered food and beverages, both before and after 

each meal and snack the day before the 24-hour recall was conducted. The photographs were then 

used as prompts during the 24-hour recall interview.  
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Statistical Analysis 

Usual intake was calculated from the 24-hour recalls using the multiple source method for 

estimating usual dietary intake of individuals (17). Dietary data were analysed using FoodWorks 

(version 10, Xyris Software), using the New Zealand Food Composition database FOODfiles 2018 

Version 01. For commercial foods, recipes were created in FoodWorks using the ingredient list on 

the packet, and then modified to match the information on the nutrient information panel (18). This 

ensured that nutrients that did not appear on the nutrient information panel were captured in the 

analysis. Breast and formula milk were excluded from analysis for the purposes of this study. 

Quantile regression was used to determine nutrient intake, allowing adjustment for infant age. 

Nutrient density is reported as concentration of nutrient per 418 kJ (100 kcal) of energy. Ethnicity 

data is reported as total response ethnicity. Data was analysed using Stata statistical package 

(StataCorp).  

 

Results 

A total of 1424 infants were assessed for eligibility, with 625 infants-caregiver dyads enrolled in the 

study, all of whom completed the questionnaire. Data were analysed for all 625 infants. Infant 

ethnicity is reported as total response as many infants were identified as belonging to more than 

one ethnicity. A total of 131 infants were identified by their caregiver as Māori, and 82 as Pasifika. A 

further 516 identified as New Zealand European (NZE), 105 as Asian (Southeast Asian, East Asian, 

and South Asian), 62 as European (other than NZE), and 20 as MELAA (Middle Eastern, Latin 

American, and African), and these have been allocated into a single ‘others’ group as the primary 

focus of this paper is Māori and Pasifika infants. The mean (SD) infant age was 8.4 months for Māori, 

8.5 months for Pasifika, and 8.4 months for ‘other’ infants. Demographic characteristics are 

presented in table 1.  
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Table 1. Demographic characteristics (n=625) 

 Total response ethnicitye 

 Māori 

 

Pasifika 

 

Others 

n 131 82 450 

Infant age (mo), mean (SD) 8.4 (0.8) 8.5 (0.9) 8.4 (0.8) 

Infant sex, n (%)    

Female  57 (43.5) 35 (42.7) 215 (47.8) 

Total response infant 

ethnicitya, n (% 

   

Māori 131 (100) 38 (46.3) 0 

Pacific Island  38 (29.0) 82 (100) 0 

New Zealand European 99 (75.6) 45 (54.9) 372 (82.7) 

Southeast Asian 0 0 28 (6.2) 

East Asian 2 (1.5) 3 (3.7) 40 (8.9) 

South Asian 4 (3.1) 3 (3.7) 25 (5.6) 

Other European 6 (4.6) 7 (8.5) 49 (10.9) 

Others 2 (1.5) 0 18 (4.0) 

Term infant born, n (%)      

Pre-term (<37 weeks) 13 (9.9) 8 (9.8) 29 (6.4) 

Term (≥37 weeks) 118 (91.1) 73 (89.0) 421 (93.6) 

Respondent age (years), mean 

(SD) 

30.1 (5.5) 30.3 (6.0) 33.5 (4.3) 

Highest level of education of 

adult respondent, n (%) 

   

School 34 (26.0) 23 (28.1) 48 (10.7) 

Polytech or similar  48 (36.6) 21 (25.6) 69 (15.3) 

University 48 (36.6) 37 (45.1) 333 (74.0) 

Adult respondent, n (%)    

Mother 130 (99.2) 80 (97.6) 445 (98.9) 

Maternal parity, n (%)    

Primiparous 54 (41.2) 39 (46.3) 229 (50.9) 

Respondent employment 

status, n (%) 

   

Employed full time 17 (13.0) 6 (7.3) 52 (11.6) 

Employed part time 32 (24.4) 14 (17.1) 96 (21.3) 

Otherb 82 (62.6) 62 (75.6) 302 (67.1) 

Number of children living in 

household, n (%) 

   

One  47 (35.9) 28 (34.2) 223 (49.6) 

Two  43 (32.8) 28 (34.2) 142 (31.6) 

Three 21 (16.0) 11 (13.4) 67 (14.9) 

Four or more  20 (15.3) 15 (18.3) 17 (3.8) 
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 Total response ethnicitye 

 Māori 

 

Pasifika 

 

Others 

Number of adults living in 

household, n (%) 

   

One  11 (8.4) 4 (4.9) 13 (2.9) 

Two  92 (70.2) 47 (57.3) 399 (88.7) 

Three 14 (10.7) 14 (17.1) 19 (4.2) 

Four or more  14 (10.7) 17 (20.7) 19 (4.2) 

Childcare usedc, n (%) 27 (20.6) 16 (19.5) 76 (16.9) 

Area-level Deprivationd, n (%)    

1–3 (Low)  27 (20.6) 14 (17.1) 144 (32.0) 

4–7 52 (39.7) 35 (42.7) 214 (47.6) 

8–10 (High) 52 (39.7) 33 (40.2) 92 (20.4) 
a Gestational age - data missing for one Pasifika participant; level of education - data missing for 

one Māori and one Pasifika participant; no. of children living in household – data missing for one 

non-Māori/Pasifika participant. 
b “Other” value includes no employed, paid and un-paid parental leave. 
c “Childcare” refers to formal early childhood education or home-based care, but not a nanny or 

childcare provided by an extended family member/friend.  
d Deprivation level defined using the New Zealand Deprivation (NZDep) indices of 2018 (16). 

NZDep index is area based, uses NZ census variables and calculated for mesh blocks (geographic 

units containing ~100 people). “Low” refers to levels 1–3, “Medium” refers to levels 4–7, “High” 

refers to levels 8–10.  
e Ethnicity is self-identified by the caregiver 

 

 

Energy intake was stratified by age (7, 8, and 9 months) and sex, with the data reported in table 2. 

The median energy intake from CFs increased between seven and nine months of age for all groups 

and was higher overall for boys than girls. There were no significant differences between Māori and 

‘other’ infants, or Pasifika and ‘other’ infants in energy intake.   
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Table 2. Energy intake from complementary food by age, sex, and ethnicity (n=625) 

Energy by 

age and sex 

 Māori 

Median (25th, 

75th percentile) 

 Pasifika 

Median (25th, 

75th percentile) 

 Others 

Median (25th, 

75th percentile) 

Energy (girls) 

kJ/day 
n  n  n  

7 months 24 984 (612, 1482) 11 821 (713, 1112) 80 870 (613, 1418) 

8 months 22 956 (694, 1689) 12 1048 (755, 1721) 90 1096 (736, 1619) 

9 months 11 1224 (858, 2118) 12 1449 (852, 2167) 45 1979 (1381, 

2469) 

Energy (boys) 

kJ/day 

      

7 months 29 1057 (846, 1414) 18 862 (523, 1366) 88 931 (473, 1282) 

8 months 25 1583 (912, 1878) 14 1362 (986, 1878) 84 1320 (859, 1852) 

9 months 20 2021 (1420, 

2608) 

15 2310 (1546, 

3140) 

62 1993 (1382, 

2532) 

 

The contribution of CF to the estimated energy recommendation (EER) is shown in table 3. Māori 

and Pasifika girls had a much lower energy intake from CFs than ‘other’ girls. In contrast, Pasifika 

boys obtained a higher proportion of energy from CF than both Māori and ‘other’ boys, who were 

similar.  

 

Table 3. Contribution of CF to EER by age and sex 

Age Māori Pasifika Other Estimated energy 

requirementsa 

Girls     

7 months 39.4% 32.9% 34.8% 2500 

8 months  35.4% 40.1% 40.6% 2700 

9 months 40.1% 51.8% 70.7% 2800 

Boys  

7 months 37.8% 30.8% 33.3% 2800 

8 months  52.8% 45.4% 44.0% 3000 

9 months 65.2% 74.5% 64.3% 3100 
a Recommendation for total estimated energy requirements from milk feeds and complementary foods. 

Recommendations from National Health and Medical Research Council 2006. Nutrient Reference Values for 

Australia and New Zealand: including recommended dietary intakes, National Health and Medical Research 

Council (19). 
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Daily macronutrient intake by ethnicity is reported in table 4. Māori infants had a significantly lower 

protein intake as a percentage of energy from complementary foods than ‘other’ infants (P=.01). 

Both Māori and Pasifika infants had a significantly lower total fat intake as a percentage of total 

energy compared to ‘other’ infants (p<.009 for Māori, P<.001 for Pasifika). The percentage of 

carbohydrate contributing to total energy from CFs was significantly higher for Māori and Pasifika 

infants (p=.001 and P<.001 respectively). For sugar intake in grams per day, Pasifika infants had a 

significantly higher intake than ‘other’ infants (p=.04). Sugar as a percentage of total energy intake 

was significantly higher for Māori infants than ‘other’ infants (p=.03). 

 

Table 4. Macronutrient intake and total ethnicity  

Macronutrients Māori 

Median (25th, 75th 

percentile) 

Pasifika 

Median (25th, 75th 

percentile) 

Others 

Median (25th, 75th 

percentile) 

n 131 82 450 

Protein (g/day) 11.1 (7.0, 15.5) 11.4 (7.2, 18.9) 11.5 (6.2, 17.9) 

Protein (% energy) 14.6 (11.6, 17.4)a 14.8 (12.3, 17.6) 15.7 (12.7, 18.5) 

Fat (g) 9.2 (5.9, 14.6) 8.5 (5.4, 13.9) 9.7 (4.6, 17.1) 

Fat (% energy) 27.3 (22.1, 34.6)a 24.9 (19.1, 30.2)a 30.7 (23.8, 37.9) 

Saturated Fat (g) 3.5 (1.9, 5.3) 3.2 (1.8, 5.5)b 3.3 (1.4, 5.9) 

Saturated fat (% 

energy) 

10.0 (7.1, 13.1) 9.1 (6.7, 12.0) 10.1 (7.1, 13.7) 

Carbohydrate (g) 39.5 (23.8, 57.9) 42.5 (26.3, 66.2) 35 (21.8, 53.2) 

Carbohydrate (% 

energy) 

54.5 (46.8, 61.7)a 56.6 (48.3, 64.1)a 49.4 (42.0, 58.3) 

Fibre (g) 5.4 (3.6, 7.8) 6.2 (3.9, 8.0) 5.6 (3.5, 8.3) 

Sugar (g) 16.7 (9.7, 25.4) 18.4 (12.6, 27.8)a 16.4 (9.1, 24.2) 

Sugar (% energy) 24.6 (17.0, 31.2)a 24.6 (19.7, 31.7)b 22.3 (16.5, 29.6) 
a Significantly different from ‘others’ adjusted for age (p<0.05) 
b Non-significant trend 

 

 

The contribution of macronutrients to the recommended intake of protein, fat, and carbohydrate is 

reported in table 5. The proportion of protein from CF increased by age time for all groups.  
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Table 5. Proportion of macronutrient recommendations met by complementary food. 

Macronutrients Māori  

 

Pasifika  

 

Others  

 

Daily 

recommendation 

(AI)a 

Total protein 79.4% 81.4% 82.1% 14g 

Total fat 30.7% 28.3% 32.3% 30g 

Total 

carbohydrate 

41.6% 47.2% 36.8% 95g 

a Recommendations from National Health and Medical Research Council 2006. Nutrient Reference Values for 

Australia and New Zealand: including recommended dietary intakes, National Health and Medical Research 
Council (19). 
 

Usual daily micronutrient intake from CF is shown in table 6. None of the daily recommendations for 

minerals were met by CF alone. Median mineral intakes were not significantly different across 

groups. CF contributed 34% of the estimated average requirement (EAR) for iron for Māori, 39% for 

Pasifika, and 36% for others. For zinc, CF contributed 64% of the EAR for both Māori and ‘others’, 

and 68% for Pasifika. Calcium intake from CF did not meet the recommendation of 140 mg/day from 

CFs for any of the groups. Vitamin A intake exceeded the recommendation of 244 µg/day from CF for 

all three groups. CF contributed 78% of the EAR for vitamin B12 for Māori, 76% for Pasifika, and 80% 

for others. For vitamin C, CF contributed 69% of the EAR for Māori, 86% for Pasifika, and 75% for 

‘others’. There were no significant differences in vitamin or mineral intake between groups. 

 

Table 6. Selected micronutrient intake and total ethnicity 

 Total Ethnicity  

Nutrient Māori Pasifika Others Daily 

Recommendation a  

n 131 82 450  

Iron 2.4 (1.4, 4.1) 2.7 (1.8, 4.6) 2.5 (1.4, 4.1) 7 mg b 

Zinc 1.6 (1.0, 2.3) 1.7 (1.1, 2.7) 1.6 (0.9, 2.6) 2.5 mg b 

Calcium 115 (65, 175) 123 (71, 200) 107 (58, 195) 140 mg from CF c 

Vitamin A 257 (141, 390) 295 (166, 416) 262 (143, 417) 244 µg from CF only 

Vitamin 

B12 

0.39 (0.20, 0.76) 0.38 (0.21, 0.76) 0.4 (0.16, 0.82) 0.5µg 

Vitamin C 20.8 (12.7, 30.8) 25.9 (14.8, 34.9) 22.4 (12.7, 

37.8) 

30mg 

a Recommendation for total intake from milk feeds and complementary foods unless stated otherwise.  

Recommendations from National Health and Medical Research Council 2006. Nutrient Reference Values for 

Australia and New Zealand: including recommended dietary intakes, National Health and Medical Research 

Council (19). 
b EAR (estimated average requirement) 
c AI (adequate intake, used when an EAR value is not available) 
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The nutrient density (grams per 418 kJ / 100 kcal of CF) was calculated for iron, zinc, calcium, vitamin 

A, vitamin C, and vitamin B12, and is reported in table 7. The target nutrient density from CF as 

defined by the World Health Organisation using estimated energy requirements (20). Iron, zinc, and 

calcium density of CF falls well below the desired target for all ethnic groups. 

 

Table 7. Selected micronutrient density per 418 kJ of complementary diet of infants aged 7.0–10.0 

months by total ethnicity 

Nutrient Median density 

(25th, 75th percentile) 

Mean desired nutrient 

density for infants aged 

6–8 and 9–11 monthsa 

 Māori Pasifika Others 6–8 

months 

9–11 months 

Iron  

(mg/418 kJ) 

0.8 (0.6, 1.1) 0.9 (0.7, 1.1) 0.8 (0.7, 1.1) 4.5b 3.0b 

Zinc  

(mg/418 kJ) 

0.5 (0.4, 0.6) 0.5 (0.5, 0.6) 0.5 (0.5, 0.6) 1.6 1.1 

Calcium 

(mg/418 kJ) 

37 (28, 50) 40 (29, 50) 38 (28, 50) 105 74 

Vitamin A  

(µg 

RE/418kJ) 

107 (61, 159) 123 (70, 173) 110 (60, 174) 31 30 

Vitamin C 

(mg/418 kJ) 

6.6 (5.0, 10.8) 7.3 (5.2, 10.9) 8.0 (5.7, 11.3) 1.5 1.7 

Vitamin B12 

(µg/418 kJ) 

0.13 (0.1, 0.2) 0.12 (0.1, 0.2) 0.15 (0.1, 0.2) 0.07c 0.08 c 

a Adapted from Dewey KG, Brown KH. Update on technical issues concerning complementary feeding of young 
children in developing countries and implications for intervention programs. Food and Nutrition Bulletin. 
2003;24(1):5-28. 
b Assuming moderate iron bioavailability 
c Adapted from Allen LH. B vitamins: proposed fortification levels for complementary foods for young children. 
The Journal of nutrition. 2003;133(9):3000S-7S. 
 

 

Discussion 

Little is currently known about the nutrient intake from CF of infants in NZ. The FFNZ study has 

quantified energy and key nutrient intake from CF as well as the nutrient density of CF for infants 

living in NZ and stratified by ethnicity. Energy, protein, fat, carbohydrate, iron, zinc, calcium, vitamin 

A, vitamin B12, and vitamin C were analysed and reported on.  

Summary of findings 

Energy intake from CF increased overall with age for all groups and was higher for boys than girls. 

Protein as a percentage of energy intake from CF was significantly lower for Māori compared to 
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‘others’. Fat as a percentage of energy intake from CF was significantly lower for both Māori and 

Pasifika than ‘others’, whereas carbohydrate as a percentage of energy intake from CF was 

significantly higher. Sugar intake in grams from CF was significantly higher for Pasifika when 

compared to ‘others’, and sugar as a percentage of energy intake from CF was significantly higher for 

Māori than ‘others’. CF contributed a low proportion of iron to the recommended intake, and over 

half of total requirements for zinc, vitamin B12, and vitamin C. Vitamin A requirements from CF were 

met, but calcium was not. There were no significant differences in vitamin or mineral intake 

between groups. Nutrient density of CFs was below the critical nutrient density requirement for iron, 

zinc, and calcium. This adds a new understanding to the existing literature on the adequacy of the 

complementary diet of infants.  

 

Energy and macronutrients 

Energy intake from CF increased by age for both boys and girls in all three groups, which mirrors 

findings in two Canadian studies (21, 22). However, Māori and Pasifika girls had a much lower energy 

intake from CF at nine months of age compared to all boys and ‘other’ girls. This may be due to 

Māori and Pasifika girls acquiring a greater proportion of their nutrients from milk feeds than CF at 

nine months or having less energy-dense foods. Iguacel et al. (2019) found that breast-fed infants 

had a lower total intake of CF compared to formula-fed infants, even after adjusting for sex, parent 

education level, and total food intake (23). Despite their lower kilojoule intake, Pasifika girls met the 

minimum energy requirements from CF suggested by Dewey (2013) for breast-fed infants aged 9 

months of 1254kJ per day (24), but Māori girls were negligibly lower at 1224kJ per day.  

 

The significant differences found between macronutrient intake as a percentage of the total energy 

intake has interesting implications. ‘‘other’’ infants had a significantly higher protein intake than 

Māori, and a significantly higher fat intake than both Māori and Pasifika, who both had a significantly 

higher intake of total carbohydrate than ‘others’. Additionally, sugar intake expressed as a 

percentage of total energy intake for Māori infants and sugar intake in grams for Pasifika infants 

were both significantly higher than that of ‘other’ infants. A possible reason for this is that higher 

proportion of Māori and Pasifika live in deprived areas than ‘other’ infants, and it is probable that 

protein-based foods are more expensive than carbohydrate-based foods (25). Rush et. al. (2015) 

demonstrated that NZ whānau living in highly deprived areas replaced fruit and vegetables with 

cheaper energy-dense and nutrient-poor breakfast cereals and/or convenience foods (26). Wang et 

al. (2009) found that so-called “healthier” foods (as defined by energy, sugar, saturated fat, protein, 

fibre, and fruit and vegetable content) were significantly more expensive than those higher in sugar 



169 
 

and saturated fat, and lower in protein, fibre, and fruit and vegetables in both rural and urban NZ 

(27), and although this is older data considering with the recent COVID-19 pandemic and associated 

cost of living crisis (28) it is feasible that such cost discrepancies still exist. The potential 

consequences of this are a poorer quality diet for Māori and Pasifika infants, and greater nutritional 

deficits that likely uphold the existing high nutrition-related morbidity rates, particularly for type 2 

diabetes and cardiovascular disease.  

 

Studies examining nutrient intake from CFs have been mostly conducted in developing countries (29-

36), with two studies examining nutrient intake from CF in developed countries (22, 37). A recent NZ 

study validating a complementary food frequency questionnaire in 9–12-month-old infants gives 

some insight into nutrient intake but has a small sample group and is not ethnically diverse, as this 

was not needed for the primary aim of the study (38). Comparisons to these studies are made 

challenging due to different age range cut-offs used and different methods of reporting nutrient 

intake. Furthermore, accurately measuring or estimating breast milk intake is very difficult, so 

investigating the nutrient density of CF provides the opportunity to explore the nutritional adequacy 

of the infant diet when milk feeds are not quantified. This provides a clearer focus of where 

interventions and future research can be directed, as dietary manipulations are aimed at CF, rather 

than breast or formula feeding in this age group.  

 

Nutrient density of complementary food 

CF must bridge the gap between the infant’s requirements and the amount obtained from breast or 

formula milk. Infants have a much higher nutrient requirement by weight than any other life stage 

yet consume relatively little CF compared to breast milk or formula. Therefore, CFs need to be very 

nutrient dense, as determined by the amount of a given nutrient per 418 kJ of energy, to meet the 

infant’s needs. Solomons & Vossenaar (2013) refer to “critical nutrient density”, where the nutrient 

density is sufficient to provide the recommended daily intake without exceeding the average energy 

requirements of the infant (39). Two particularly challenging nutrients for infants to obtain are iron 

and zinc, due mostly to the very low concentration found in breast milk. This is reflected in the 

results of this study, with CFs providing infants from all ethnic groups with approximately a fifth of 

the target nutrient density for iron and less than half of the target density for zinc. Calcium also fell 

short of the target density with CFs having about half of the recommended amount. The poor 

nutrient density of CF consumed in this cohort suggests that many infants being weaned onto solids 

may be at increased risk of iron, zinc, and calcium deficiency.  
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Nutrient density of CF has been measured in developing countries where malnutrition is associated 

with approximately half of the deaths of over 10 million young children and infants annually. Density 

of selected vitamins and minerals have been examined in rural South Africa, Guatemala, Malawi, and 

the USA, with an overall consensus that iron, zinc, and calcium are common problem nutrients. Iron 

density of CF ranged from 1.2 mg/1000kJ in rural South African to 2.6 mg/1000kJ in Guatemala, the 

latter higher to that found in the present study of 2.0 mg/1000kJ for Māori and ‘other’ infants, and 

2.1 mg/1000kJ for Pasifika infants. Zinc and calcium densities of CF in the current study are also 

similar to those in Malawi, Guatemala, and rural South Africa. This is a surprising finding, as it might 

reasonably be expected that the average NZ infant diet would contain higher amounts of 

bioavailable iron and zinc than that of infants in developing countries. Additionally, there are 

mandatory fortification requirements for iron and vitamin c in cereal-based commercial infant food 

in NZ. The low iron, zinc, and calcium densities reported in this study coupled with the energy 

intakes from CF being adequate suggest that the infants would need to consume significantly more 

kilojoules per day to meet the EAR for these minerals, which is not feasible. The basis of the infant’s 

complementary diet may need to be considered as part of the solution: many infants have a cereal-

rich diet, with cereals being popular, easy to use, and inexpensive first foods. Cereals tend have low 

energy density but have bulking properties which promote satiety and may limit the infant’s capacity 

for other nutrient-dense foods. Investigating from which food groups infants are obtaining their 

energy and nutrients would give a clearer understanding of these nutritional gaps. Infants in the 

present study consumed higher density CF for vitamin A, vitamin C, and vitamin B12 than those in the 

former studies. Details are reported in supplementary table 1.  

 

Another perspective on the consistent and world-wide problem with iron and zinc in particular is 

that the recommendation for these nutrients may be higher than necessary. Quinn (2014) proposed 

that gradually depleting iron stores in the first six months of life is an evolutionary adaption to 

reduce the availability of iron for pathogens and thus reduce infection risk (40). Furthermore, an 

unfortified diet that is high quality, as recommended by WHO (41), is unable to close the critical 

nutrient gap for iron from 6 to 11 months of age, and zinc at 6–8 months for breast-fed infants (42). 

It is also possible that iron (but not zinc) absorption is upregulated in infants with iron deficiency 

(43). Given our findings of much lower iron intake than the recommended amount combined this is 

an area that would benefit from further research. 

 

Strengths and limitations 
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This is the first study to describe nutrient intake and density from CF in NZ. Strengths of the study 

are a large, ethnically diverse sample size with a broad range of socio-demographic characteristics 

reflecting that of the larger NZ population. However, a limitation is that this is not a nationally 

generalisable cohort with infants only recruited from two main urban centres, due to the logistics of 

the larger study (15). Another strength is the use of two multiple-pass 24-hour recalls on non-

consecutive days. These were administered by trained researchers on different days of the week so 

between-day variation was captured. Dietary data were obtained for all 625 participants in the 

cohort. A further limitation in this study was the lack of breast milk data. Although breast milk data 

was collected it was not able to be analysed prior to the submission of this thesis. The breast milk 

data will be included in the published version of this manuscript. 

 

Conclusion 

This study demonstrates a novel approach using nutrient density to understanding and assessing the 

nutrient adequacy and critical nutrient gaps in the infant’s complementary diet. All ethnic groups 

had low iron, zinc, and calcium intake from CF and the nutrient density of CF was insufficient to close 

the nutrient gap for these minerals. There were no significant differences between ethnicities for 

micronutrient intake or density, however Māori had significantly less protein and fat intake than 

‘others’, and significantly higher carbohydrate and sugar as a percentage of total energy intake. 

Similarly, Pasifika infants also had a significantly lower fat intake as a percentage of total energy, and 

higher carbohydrate and sugar than ‘other’ infants. Nutrient density of the CFs was shown to be 

inadequate for iron, zinc, and calcium for all ethnic groups. To better understand where 

interventions and future research could be directed to address these critical nutrient gaps it is 

important to understand the food groups that supply nutrients for infants. Iron availability and 

absorption in particular is greatly influenced by many factors, and given the low density of iron, zinc, 

and calcium in the CF diet of this cohort, understanding the overall make-up of the infant’s diet may 

help guide interventions to help prevent the development of nutritional deficiencies and related 

health outcomes. 
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Supplementary table I. Nutrient densities per 418 kJ (100 kcal) of complementary foods consumed by infants in Malawi, Guatemala, and rural South Africa, 

compared to the present study 

Nutrient FFNZ Study, 2022: median density 

(25th, 75th percentile) 

Malawi, 2001a Guatemala, 

2010b 

Rural South Africa, 

2004c 

Age (months) 7.0 – 10.0 6 – 8 7 – 9 6 – 9 

 Māori Pasifika Others    

Iron (mg/418 kJ) 0.8 (0.6, 1.1) 0.9 (0.7, 1.1) 0.8 (0.7, 1.1) 0.8 1.0 0.5 

Zinc (mg/418 kJ) 0.5 (0.4, 0.6) 0.5 (0.5, 0.6) 0.5 (0.5, 0.6) 0.5 0.5 0.3 

Calcium (mg/418 kJ) 37 (28, 50) 40 (29, 50) 38 (28, 50) 5.0 42 22 

Vitamin A (µg 

RE/418kJ) 

107 (61, 159) 123 (70, 

173) 

110 (60, 174) 2.0 53.5 29 

Vitamin C (mg/418 kJ) 6.6 (5.0, 

10.8) 

7.3 (5.2, 

10.9) 

8.0 (5.7, 

11.3) 

- 3.8 3.5 

Vitamin B12 (µg/418 kJ) 0.13 (0.1, 

0.2) 

0.12 (0.1, 

0.2) 

0.15 (0.1, 

0.2) 

- - 0.06 

a Hotz C, Gibson R. Complementary feeding practices and dietary intakes from complementary foods amongst weanlings in rural Malawi. European Journal of Clinical 

Nutrition. 2001;55(10):841-9. 
b Campos R, Hernandez L, Soto-Mendez MJ, Vossenaar M, Solomons NW. Contribution of complementary food nutrients to estimated total nutrient intakes for rural 

Guatemalan infants in the second semester of life. Asia Pacific Journal of Clinical Nutrition. 2010;19(4):481-90. 
c Faber M. Complementary foods consumed by 6–12-month-old rural infants in South Africa are inadequate in micronutrients
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Chapter 6  |  Upoko Tuaono 

Iron status of Māori, Pasifika, and other infants living in Aotearoa New 

Zealand 
 

 

 

This chapter reports the findings of the First Foods New Zealand study pertaining to iron status by 

ethnicity.  

 

This report is presented in manuscript format and will be submitted to a peer-reviewed journal for 

publication in the future. Online statement of contribution can be reviewed in Appendix J. 
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Abstract 

Background: Iron status is one of the most prevalent problems facing infants worldwide, in both 

developing and developed countries. A complex interplay of both dietary and non-dietary factors 

affects iron absorption, and subsequently iron status.  

Aim: The aim of this study was to describe iron status, and examine factors related to differences in 

iron status amongst Māori, Pasifika, and ‘other’ infants living in NZ. 

Methods: Data were collected from 360 infants aged 7 to 10.0 months living in two main urban 

centres in NZ between July 2020 and February 2022. Haemoglobin, plasma ferritin, soluble 

transferrin receptor (sTfR), C-Reactive protein, and alpha-1-acid-glycoprotein were obtained from a 

venous blood sample. Inflammation was adjusted for using the Biomarkers Reflecting Inflammation 

and Nutritional Determinants of Anaemia (BRINDA) method. Body iron concentration (mg/kg body 

weight) was calculated using the ratio of sTfR and ferritin  

Results: A total of 96.4% of Pasifika infants were iron sufficient, defined as body iron ≥0 mg/kg body 

weight and haemoglobin (Hb) ≥110 g/L, compared to 82.5% of Māori and 77.5% of ‘other’ infants. 

‘Other’ infants had the highest prevalence of iron deficiency overall, with 6% categorised with iron-

deficiency anaemia (IDA) (body iron <0 mg/kg, haemoglobin <110 g/L), 8% with early functional iron 

deficiency (body iron <0 mg/kg, haemoglobin ≥110 g/L), and 8.4% with iron depletion (ferritin <15 

µg/L, body iron ≥0 mg/kg). For Māori infants, 4.7% had IDA and early functional iron deficiency 

respectively, and 8% were iron depleted. One (3.6%) Pasifika infant was iron depleted, and the 

remainder were iron sufficient. Ferritin and body iron concentration showed a non-significant higher 

trend for Pasifika compared to ‘other’ infants. Mediation analysis suggested that the difference in 

body iron concentration between Pasifika and ‘others’ was partially explained by the frequency of 

consumption of baby food pouches.  

Conclusion: These findings give an up-to-date and robust understanding of the iron status of infants 

by ethnicity, highlighting an unexpected finding that non-Māori and non-Pasifika infants are at 

higher risk of poor iron status in NZ.  
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Introduction 

Over two billion people worldwide have iron deficiency, and half of these have related anaemia (1). 

The majority live in low–middle income countries (2), with South Asian and African countries having 

the highest prevalence (3). As many as 40% of very young children in developing countries are iron 

deficient with and without anaemia (4), but the figure is much lower in developed countries, with 2–

25% of infants in European countries having iron deficiency (5). In Aotearoa New Zealand (NZ) 

studies suggest 2.8 – 22% of infants aged 6 – 12 months have at least some degree of iron deficiency 

(6-8). Historically research has shown Māori and Pasifika infants to have poor iron status (9-13), with 

3 – 65% having iron deficiency (ID) with or without anaemia. However, these studies frequently 

failed to control for infection, used varying indices and cut-offs outside of the generally accepted 

range, and some used data from hospitalised infants. A well-designed study in 2007 stratified by 

ethnicity and found that Māori, Pasifika, and ‘other’ ethnicities had a greater burden of iron 

deficiency than European infants (14).  

Iron deficiency in infancy is associated with immune deficiencies, cognitive impairment, and delayed 

motor skill development, and the impact on cognition and intelligence quotient (IQ) may be lifelong. 

Importantly, these effects can occur when there is ID without anaemia (15, 16), and may be 

irreversible even with iron repletion (16, 17). Lower scores on tests of mental and motor functioning 

were shown at age five (18), and follow-up studies in school age and adolescents report ongoing 

lower scores even with iron supplementation in infancy (19-23). 

Defining iron status can be complex due to varying biochemical indices, with different indices used in 

conjunction with each other depending on the individual’s needs. Iron status can be thought of as a 

continuum, from replete through to iron deficiency anaemia (IDA) with varying cut-offs used 

worldwide to define ID and IDA. Current World Health Organisation (WHO) cut-offs drawn from 

expert consultations in 1987 and 2004 have determined that a ferritin value of less than 10–12 ug/L 

is suggestive of depleted iron stores for people of all life stages in the absence of inflammation (24). 

Other useful assays include soluble transferrin receptor (sTfR), serum iron, serum transferrin 

concentration, and transferrin saturation which is determined by calculating the ratio of serum iron 

to transferrin. Haemoglobin (Hb) concentration is required to diagnose anaemia, and the WHO 

recommends a cut-off for children aged six months to four years of less than 110 g/L. The European 

Society for Pediatric Gastroenterology, Hepatology, and Nutrition (ESPGHAN) suggest <105 g/L 

however (25). Regardless of whether a cut-off of 110 or 105 g/L is used, infants at the lower end are 

at risk of developing anaemia. Body iron (mg/kg body weight), calculated using the ratio of sTfR and 
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ferritin, is increasingly used to measure iron status as inflammation has less of an effect and it 

provides a continuous measure of iron status in populations (26).  

 

Infant iron status is determined by dietary and non-dietary factors, beginning with maternal iron 

stores during pregnancy and gestational age at birth, extending through to post-natal iron losses and 

requirements, inflammation, hepcidin control, genetics, dietary iron, and dietary modifiers (27). 

Specific dietary factors may contribute to infant iron status. Consumption of iron-fortified baby rice 

and red meat at around six months of age are important due to term infants being born with enough 

iron stores for approximately six months (28), with breast versus formula feeding possibly making a 

difference (29-34). Varying combinations and degrees of severity of these factors uniquely influence 

infants’ iron status.  

 

The current prevalence of ID and IDA within different ethnic groups in NZ is not known. With the 

inequitable health outcomes experienced by Māori and Pasifika and the historical indication of high 

rates of ID with or without anaemia (ID(A)) it is important to gain a better understanding of the 

frequency of ID(A) in all ethnic groups and contributing factors to help better direct healthcare 

interventions. Therefore, the present study aimed to measure the iron status and intra-ethnic 

determinants of iron status of Māori, Pasifika, and other infants in NZ.  

 

Methods 

Study design and data collection methods are described in brief, with further details reported 

elsewhere (35). This study was registered with the Australian New Zealand Clinical Trials Registry, 

ACTRN12620000459921. Ethical approval was granted by the Health and Disability Ethics 

Committees New Zealand (19/STH/151) and funding obtained from the Health Research Council 

(HRC) of New Zealand (grant 19/172). Data collection ran from July 2020 to February 2022. Data 

collection was paused during government-mandated COVID-19-related lockdowns, which occurred 

for two and a half weeks in August 2020, one week in February 2021, and four and a half months in 

August 2021 in Auckland, and for three weeks in August 2021 in Dunedin. All appropriate hygiene 

measures were taken to minimise risk during data collection. 
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Study Participants 

Infants aged 7.0 – 10.0 months were recruited from two urban centres in NZ: Tāmaki-Makaurau 

(Auckland) and Ōtepoti (Dunedin). Participants were excluded if the caregiver was unable to speak 

English or if the infant had recently been part of a nutrition intervention study that may have 

affected their usual intake. Participants were recruited from a range of ethnic groups and levels of 

deprivation using advertisements and word-of-mouth, whilst avoiding special interest groups, such 

as baby-led weaning groups. To ensure ethnic diversity, recruitment was targeted in suburbs with 

higher proportions of Māori and Pasifika whānau. An information sheet was given to all caregivers 

and written informed consent was obtained from the primary caregiver of 625 infants.   

 

Data collection 

Demographic data 

Demographic data was collected via questionnaire which encompassed age, ethnicity, sex, 

household deprivation, (NZ Deprivation Index 2018 (36)), caregiver education, work status, parity, 

childcare use, the number of children and adults living in the household, and whether the infant was 

a premature or full-term at birth. Mesh block data was used to determine the level of deprivation 

based on the NZ Deprivation Index. Infant ethnicity was self-determined by the caregiver. 

Respondents were asked “what ethnic group does your child belong to?”. Checkbox answer options 

mirrored that of the 2018 New Zealand census, and participants were able to select from the 

following list: “NZ European”, “Māori”, “Samoan”, “Cook Island Māori”, “Tongan”, “Niuean”, 

“Chinese”, “Indian”, and “other, e.g., Dutch, Japanese, Tokelauan”. If the participant selected the 

“other” option, they were prompted to enter free text to describe their ethnicity. Participants were 

grouped by total response for both Māori and Pasifika. For the purposes of this analysis, remaining 

participants were grouped together as a singular ‘non-Māori, non-Pasifika’ group, and will be 

referred to as ‘other(s)’ forthwith.  

 

Feeding Practices Data 

Feeding practices were self-reported by the caregiver via a questionnaire, with a researcher present 

to clarify any questions. Caregivers were asked about the timing of the introduction of 

complementary food and current pouch use. Infants were designated as ‘frequent pouch users’ if 

they consumed five or more pouches per week in the past month. Participants were also asked if 

their infant had iron-fortified baby rice or red meat at around six months of age. Milk feeding data 

was also collected via a questionnaire. Participants were asked if their infant was still being breast-
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fed, how old the infant was when they stopped being breastfed (if applicable), if the infant had ever 

had infant formula, how old the infant was when they first had infant formula, and if they were still 

drinking infant formula.  

 

 

Biochemical assessment 

Local anaesthetic (Ametop Gel, Smith & Nephew, Canada) was applied to both of the infants’ arms 

inside the elbow, and an occlusive dressing was applied. The dressing was removed and excess gel 

wiped off with a tissue 30–45 minutes after application, with the blood sample drawn no more than 

4–6 hours after the Ametop was applied. Blood samples were collected by venepuncture via an 

EDTA vacutainer. Full blood count was measured on the day of collection by Southern Community 

Labs (SCL), Dunedin, and Labtests, Auckland on a Sysmex-XN20 Module® automated analyser 

(Sysmex, Kobe, Japan). The ferritin assay was conducted on a E602-Cobas 8000 analyser (Roche 

Diagnostics, USA), and was measured within seven days of collection. Remaining plasma samples 

were stored at -70° Celsius until consequent analysis of sTfR, C-Reactive Protein (CRP), and α1-acid 

glycoprotein (AGP) on a Hitachi Cobas C311 analyser (Roche Diagnostics, Mannheim, Germany, and 

Hitachi High-Technologies Corp, Tokyo, Japan) machine at the Department of Human Nutrition 

(University of Otago, Dunedin, NZ). Abnormal results were reviewed by the study paediatrician and a 

letter was sent to both the caregiver and their general practitioner as specified by the caregiver on 

the consent form. If no abnormal results were detected a letter was sent to the caregiver providing 

the infant’s haemoglobin (g/L), plasma ferritin (µg/L) and haematocrit. The letter included a brief 

lay-language explanation of each of these indices. Ferritin was adjusted for inflammation using the 

BRINDA method (37), and sTfR was adjusted to be equivalent with the Flowers assay as follows (26): 

1.5 x Roche sTfR + 0.35 mg/L. Body iron was calculated as follows: -[log10 (sTfR x 1000/ferritin) – 

2.8229]/0.1207.    

Cut-offs used to determine iron status are described in table 1. Infants who had low Hb in the 

absence of iron deficiency were included in the “iron sufficient” group. 
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Table 1. Iron status categories and haematological cut-offs 

Iron status category Cut-off value 

Iron sufficient Plasma ferritin ≥15 µg/La, body iron ≥0 mg/kg 

Iron depleted Plasma ferritin <15 µg/La, body iron ≥0 mg/kg 

Early functional iron deficiency Body iron <0 mg/kgb, haemoglobin ≥110 g/Lc 

Iron deficiency anaemia Body iron <0 mg/kgb, haemoglobin <110 g/Lc 

a Southern Community Laboratories Ltd. (2012) 
b Cook et al. (2003) 
c World Health Organization (2001) 

 

Statistical analysis 

The biochemical indices were described using mean, geometric mean, and median. Potential 

mediators were identified by assessing statistical significance in differences between ethnicities in 

early feeding practices. Multivariable linear regression analyses were performed to determine the 

suitability of using mediation analysis to explain differences in body iron between ethnic groups. This 

was done by first testing the relationship between ethnic group and body iron (mg/kg body weight), 

then testing the relationship between ethnicity and each mediating factor. Potential mediating 

factors tested were the introduction of complementary food at <5 months of age, consumption of 

red meat and / or iron-fortified baby rice at six months of age, and use of baby food pouches 

currently. The factors that were found to be significantly different between ethnicities were then 

tested for the relationship with body iron. Where all relationships were significant (p<0.05) for an 

ethnic group, mediation analysis was performed. All data was analysed using Stata V.17 (StataCorp) 

statistical software.  

 

Results 

In total 1424 infants were assessed for eligibility. Of these, 625 were enrolled in the study and blood 

samples were collected from 365 infants. Of the 260 infants that did not have a blood sample taken, 

116 (45%) had an unsuccessful blood draw, 92 (35%) caregivers declined the blood test, 32 (12%) 

were unable to attend the blood test appointment due to illnesses, and 20 (8%) were unable to 

attend due to government-mandated COVID-19 lockdowns. Within those who had a blood sample 

taken, 63 infants were Māori, 28 Pasifika, and the remaining 288 infants were European, Asian (east 

Asian, southeast Asian, and south Asian), or Middle Eastern, Latin American, and African (MELAA). 

Ethnicity is reported as total response for Māori and Pasifika. Demographic characteristics are 
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reported in table 2. The ethnicity portion of this table demonstrates that many participants 

identified as two or more ethnicities.  

 

Table 2. Demographic characteristics by ethnicity (n=321) 

 Māori Pasifika Othersa 

n 63 28 288 

Age, mean (SD) 

months 

8.3 (0.8) 8.5 (0.8) 8.3 (0.8) 

Sex, n (%) male 37 (58.7) 14 (50.0) 160 (55.6) 

Ethnicity, n (%)    

 Māori 63 (100) 14 (50.0) 0 

 Pacific 14 (22.2) 28 (100) 0 

 South Asian 2 (3.2) 1 (3.6) 9 (3.1) 

 South-East 

Asian 

0 0 14 (4.9) 

 East Asian 2 (3.2) 1 (3.6) 17 (5.9) 

 NZ European 48 (76.2) 20 (71.4) 250 (86.8) 

 Other 

European 

5 (7.9) 1 (3.6) 32 (11.1) 

 Others 0 0 12 (4.2) 

Preterm birth, n 

(%)b 

3 (4.8) 1 (3.6) 21 (7.3) 

Respondent age, 

mean (SD) years 

30.7 (5.8) 31.9 (6.9) 33.4 (4.2) 

Primiparous, n (%) 26 (41.3) 15 (53.6) 145 (50.4) 

Respondent 

employment 

status, n (%) 

   

 Full-time 9 (14.3) 2 (7.1) 36 (12.5) 

 Part-time 18 (28.6) 4 (14.3) 62 (21.5) 

 Otherc 36 (57.1) 22 (78.6) 190 (66.0) 

Childcared, n (%) 16 (25.4) 7 (25.0) 49 (17.0) 

Area-level 

deprivatione, n (%) 

   

 1–3 (Low)  16 (25.4) 6 (21.4) 91 (32.6) 

 4–7 25 (39.7) 12 (42.9) 136 (47.2) 

 8–10 (High) 22 (34.9) 10 (35.7) 61 (21.2) 
a‘Others’ was defined as infants who did not identify as Māori or Pasifika 
bGestational age - data missing for one Pasifika participant 
c“Other” value includes not employed, paid and un-paid parental leave. 
d“Childcare” refers to formal early childhood education or home-based care, but not a nanny or childcare 
provided by an extended family member/friend 
eDeprivation level defined using the New Zealand Deprivation (NZDep) indices of 2018 (36). NZDep index is 

area based, uses NZ census variables, and calculated for mesh blocks (geographic units containing ~100 

people). “Low” refers to levels 1–3, “Medium” refers to levels 4–7, “High” refers to levels 8–10.  
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Haematological indices are reported in table 3. There was a trend for Pasifika infants to have higher 

ferritin and body iron concentrations than ‘others’ (p=0.08 and 0.05 respectively). 

 

Table 3. Iron and inflammatory biomarkers by total ethnicity 

 Māori Pasifika Othersa 

 nb  n  n b  

Haemoglobin, 
mean (SD) g/L 65 115.8 (9.3) 28 117.0 (9.7) 295 115.3 (8.9) 

Plasma ferritin c, 
geometric mean 
(95% CI) µg/L 

63 25.3 (21.2, 30.2) 28 29.5 (24.3, 35.9) d 288 22.5 (20.5, 24.7) 

Soluble 
transferrin 
receptor c, mean 
(SD) mg/L 

63 4.3 (1.4) 28 4.1 (1.5) 289 4.3 (1.2) 

Body irone, 
mean (SD) 
mg/kg 

63 3.5 (3.1) 28 4.3 (2.3) d 288 3.0 (3.3) 

a ‘Others’ was defined as all those who did not identify as Māori or Pasifika 
b Analysis of all biochemical indices were unable to be performed on all infants due to insufficient blood draws 
for some, therefore there are differing numbers in some categories 
c Plasma ferritin and soluble transferrin receptor adjusted for inflammation (CRP & AGP) using the BRINDA 
method (38) 
d Non-significant trend compared to ‘others’ 
eBody iron calculation = -[log10(sTfRx1000/ferritin)-2.8229]/0.1207 (26) 

 

Iron status by ethnicity is described in table 4 and shows that Pasifika infants had the lowest 

prevalence of any stage of iron deficiency compared to Māori and ‘others’.  
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Table 4. Iron status by total response ethnicity 

 Māori 
(n=63) 

 

Pasifika 
(n=28) 

Othersa 

(n=288) 

Iron sufficientb, n 
(%) 

52 (82.5) 27 (96.4) 219 (76.0) 

Iron depletedc, n (%) 

5 (8) 1 (3.6) 27 (9.4) 

Early functional iron 
deficiencyd, n (%) 3 (4.7) 0 34 (11.8) 

Iron deficient 
anaemiae, n (%) 3 (4.7) 0 8 (2.8) 

a ‘Others’ was defined as all those who did not identify as Māori or Pasifika 
b Defined as body iron ≥0 mg/kg, ferritin ≥15 µg/L 
c Defined as body iron ≥0 mg/kg, ferritin <15 µg/L 
d Defined as body iron <0 mg/kg, Hb ≥110 g/L 
e Defined as body iron <0 mg/kg, Hb <110 g/L 
  
 

Mediation factors for differences in body iron by ethnicity explained by differences in feeding 

practices for Pasifika compared to ‘others’ are reported in table 5. The relationship between body 

iron and Māori ethnicity was too small to satisfy the requirements for mediation. However, for 

Pasifika infants, frequent pouch use (defined as the infant having pouches at least five times per 

week) partially explains their higher body iron compared to ‘other’ infants. None of the other factors 

analysed were able to explain the difference in body iron. The prevalence of early feeding practices 

chosen by ethnicity are shown in supplementary table 1.  

 

Table 5. Mediation of differences in body iron by ethnicity 

Potential mediators Mean difference in 

body iron from 

‘others’ 

Mean difference in 

body iron from 

‘others’ adjusted for 

potential mediator 

% mediated 

Pasifika    

Frequent pouch use 1.24 (-0.01, 2.48) 1.02 (-0.23, 2.26) 17.7 

Early introduction to 

solids 
1.24 (-0.01, 2.48) 1.22 (-0.03, 2.47) 1.6 

Baby rice consumed 

around 6 months 
1.24 (-0.01, 2.48) 1.26 (0.01, 2.51) -1.6 

Red meat consumed 

around 6 months 
1.24 (-0.01, 2.48) 1.31 (0.05, 2.56) -5.6 

Currently having 

infant formula 
1.24 (-0.01, 2.48) 1.18 (-0.03, 2.40) 4.8 
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Discussion 

Summary of findings 

Blood samples were obtained from 365 infants in an ethnically diverse self-selected sample with the 

results stratified by ethnicity. Infants were categorised as having IDA, early functional ID, or ID using 

body iron stores (mg/kg) and Hb concentration (g/L). ‘Other’ infants had the highest proportion of ID 

with and without anaemia, followed by Māori. Pasifika infants had a low prevalence of ID, with just 

one infant having depleted iron stores only. The haematological indices mirrored these findings, with 

a trend for Pasifika infants to have a higher ferritin concentration compared to ‘others’, and a non-

significantly higher Hb value compared to ‘others’ and Māori. Frequent pouch use partially explained 

the higher body iron in Pasifika infants compared to ‘other’ infants when potential mediation factors 

were examined, but not the consumption of iron-fortified baby rice or red meat at around six 

months of age, use of infant formula, or age of introduction to complementary food.  

 

Biochemical indices and cut-offs 

Diagnosing ID and appropriately interpreting haematological indices in infants is challenging due to 

varying cut-offs and indices used worldwide. This is due in part to the lack of sufficiently validated 

markers and reference ranges for very young children and infants, with cut-offs extrapolated from 

older children being less than desirable due to physiological changes in red blood cell morphology 

during the huge phase of growth in the first year of life (39). The United States National Health and 

Nutrition Examination Surveys (NHANES) (26) and the World Health Organization (40) define low Hb 

as <110 g/L, a figure that has been extrapolated from older children. ESPGHAN use a lower cut-off of 

105 g/L, however. Similarly, the ferritin threshold varies between studies, with the WHO advising 

that <12 μg/L is suggestive of low iron stores in children under 5 years of age, which is similar to that 

of ESPGHAN, who give a range of <10–12 μg/L. In NZ the Southern Community Laboratories have a 

higher cut-off of <15 μg/L for very young children, while Starship Children’s Hospital (the largest 

paediatric tertiary hospital in NZ) use a cut-off of <10 μg/L (41). It has been suggested that increasing 

the ferritin cut-off in children to as high as 30 μg/L improves the diagnostic accuracy, with the 

sensitivity with a cut-off at 12 μg/L being 25% compared to 30 μg/L being 92% (42). Using a cut-off of 

12 μg/L gave an implausibly low prevalence of iron depletion, so it was therefore decided in this 

study to use a cut-off of <15 μg/L. 

 

Iron status  

The findings in this study are in stark contrast to previous studies which indicate that Māori and 

Pasifika infants tended to have higher rates of IDA and ID than other infants in NZ (9-13). Whilst 
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there are flaws in some older studies, such as the use of hospitalised populations (9, 11-13, 43, 44), 

not measuring inflammatory markers, and the use of inappropriate haematological cut-offs, there 

are a small number of studies that are robust and comparable in design to the present study. Grant 

et. al. (2007) defined ID as <10 µg/L for ferritin, and found that ID was present in 20% of the Māori 

infants in their cohort, 17% of Pasifika, 27% of ‘other’ infants, and just 7% of NZE infants (14). In 

comparison, the total rate of ID with and without anaemia in the present study was 21% of Māori 

infants, 3.6% of Pasifika, and 22% of ‘others’, a group comprised primarily of NZE infants. Wall et al., 

(2008), using the same cohort as the aforementioned study by Grant et al., (2007), found fewer 

associations between dietary factors and iron status in Māori and Pasifika compared to NZE infants 

(45), suggesting non-nutritive factors as possible causes for ID and IDA. A possible explanation for 

this is a historically higher rate of illness and infection in Māori and Pasifika infants, possibly 

exacerbated by genetic variations in the hepcidin production mediating the pathogenesis of ID 

caused by inflammation (46). Additionally, there is a relatively high proportion of α-thalassaemia 

amongst Māori and Pasifika people, at 16 – 20% of the population (47-50). This causes a microcytic 

hypochromic appearance of red blood cells which may be mistaken for anaemia, potentially 

explaining the higher proportion of infants in older studies where haemoglobin was the sole 

biochemical measure used to define IDA. One infant was identified as having probable α-

thalassaemia in the present study and was included in the final analysis, as the definition of ID did 

not rely upon the appearance of the red blood cells.  

 

Factors mediating differences in iron status 

Frequent pouch use partially explained the higher body iron concentration in Pasifika infants 

compared to ‘other’ infants. This was unexpected due to the low iron content of pouches in NZ of 

just 0.3 mg/100g (51), and with meat-based pouches containing on average just 5 – 10% of meat. 

However, it is possible that if fruit pouches were commonly consumed the vitamin C may increase 

iron absorption, however this was not assessed in this study. The use of iron-fortified baby rice and / 

or red meat at six months of age, current infant formula use, and early introduction of 

complementary foods did not explain the differences in body iron. It is possible that a more complex 

interplay of dietary factors may partially explain the difference. Wall et al. (2008) found that Pasifika 

children obtained a higher proportion of iron from meat compared to NZE children (45), so it is 

possible that another factor that may help explain the difference is that Pasifika infants may have 

obtained their iron from more highly bioavailable sources such as red meat. It is also possible that 

the timing and quantity of calcium intake may further impact the bioavailability of dietary iron 
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intake, however these factors have not been evaluated in the present study due to the additional 

scope of work required to determine this.  

 

Strengths and limitations 

This is the first study since 2007 to comprehensively evaluate the iron status of NZ infants and 

stratify by ethnicity. A strength of this study is the diverse range of ethnicities in similar proportions 

to that of the wider population, however the wider study was not specifically designed to assess 

ethnic differences. The use of a venous blood sample, analysis and adjustment for two inflammatory 

markers, and subsequent use of body iron concentration as a measure of iron status gives a sensitive 

and reliable measure of iron status. Limitations were a high attrition rate due to a separate visit to a 

clinic for phlebotomy being required for Auckland participants, which may have been avoided if in-

home samples were collected. This is particularly reflected in the Māori and Pasifika group, with 52% 

and 66% respectively not providing a blood sample. Moreover, it is possible that participants who 

have a higher level of health literacy are more likely to present for the required blood test and may 

be more motivated to seek out and implement advice for best practices of infant feeding. Therefore, 

this data should be interpreted with caution, and further studies investigating iron status by 

ethnicity that are generalisable to the population should be conducted. Another limitation was the 

lack of dietary and non-dietary factors relating to iron status that were not included in the analysis, 

particularly food sources of iron, prematurity, and blood loss.  

 

Conclusion 

This study has provided a robust update on the iron status of infants living in NZ by ethnicity. 

Contrasting with previous studies, Pasifika infants had a very low rate of ID, and Māori infants had a 

slightly lower prevalence than ‘others’. This has been an unexpected finding, with frequent pouch 

use being the only factor explaining the difference in body iron between Pasifika and ‘other’ infants. 

This is also a surprising finding given the low iron concentration in pouches, but if a high proportion 

of fruit pouches are used it may be due to the absorption enhancing action of vitamin C. The 

difference between Pasifika and ‘others’ could not be explained by current infant formula use, red 

meat and / or iron-fortified baby rice offered at six months, and age of introduction of 

complementary food, suggesting there may be a non-nutritive factor, or a more complex dietary 

factor that the study has not accounted for. Another possibility is that the study was not adequately 

powdered to detect such a difference. While these findings suggest a stronger focus for healthcare 

interventions is needed for Māori and other non-Pasifika ethnicities, the small group size of both 

Māori and Pasifika due to a high attrition rate in the study indicates further research to support 
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these findings would be beneficial. Additionally, further research into non-nutritive factors and 

absorption modifiers of iron as a possible explanation for any differences in iron status would help 

better direct future healthcare interventions and support in this crucial area of infant growth and 

development.  
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Supplementary table I. Early feeding practices by ethnicity 

Feeding practice Māori, n (%) Pasifika, n (%) ‘Others’, n (%) 

n 63 28 249 

Using baby-led weaning at around 6 months 

of age 
7 (11.1) 1 (3.6) 40 (16.1) 

Frequent pouch usea 24 (38.1)c 12 (42.9)c 56 (22.5) 

Early introduction to complementary foodb 19 (30.2)c 7 (25.0) 43 (17.3) 

Iron-fortified baby rice consumed at around 

6 months of age 
36 (57.1) 15 (53.6) 110 (44.2) 

Red meat consumed at around 6 months of 

age 
29 (46.0)c 12 (42.9) 155 (62.3) 

Currently having infant formula 38 (60.3) 15 (53.6) 127 (51.0) 
a Pouches are given at least five times per week 
b Defined as introduced to complementary foods at <5 months of age 
c Significantly different to ‘others’, p<0.05 
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Chapter 7  |  Upoko Tuawhitu 

Discussion and Conclusions 
 

 

This chapter provides a summary of the findings for each aim of this study, discusses the implications 

of those findings, and provides concluding remarks and directions for future research.   
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Inequities in nutrition-related health outcomes in Aotearoa New Zealand (NZ) are predicted by 

ethnicity, with Māori and Pasifika bearing the greatest burden compared to other ethnicities. Little is 

currently known about what and how we feed infants in NZ, particularly Māori and Pasifika infants. 

Therefore, the primary aim of this study was to conduct an intra-ethnic analysis of infant 

complementary feeding practices, nutrient intake and density from complementary foods, and iron 

status between Māori, Pasifika, and non-Māori, non-Pasifika infants.  

 

The first aim was to describe complementary feeding practices, presented in chapter three of this 

thesis. The complementary feeding practices explored by ethnicity encompassed timing of 

introduction to complementary foods, method of feeding (baby-led weaning versus traditional 

spoon-feeding), pouch use, types of first foods offered, traditional cultural foods offered, and 

inappropriate drinks. Infants’ ethnicity was identified by their caregiver and reported as total 

response. Infants were categorised as Māori, Pasifika, or ‘other’ (non-Māori, non-Pasifika). Baby-led 

weaning (BLW) prevalence was lowest for all ethnicities at the time of introducing complementary 

foods and highest at the ‘current’ time (7.0–10.0 months), with the majority of caregivers reporting 

having tried BLW at least once. Similar proportions of Māori and ‘other’ infants were baby-led 

weaned, compared to only a very small proportion of Pasifika infants. Pouch use prevalence, 

frequency, and proportion of infants sucking directly from the pouch was similarly lowest at the time 

of introducing complementary food, and highest at the current time, with Māori and Pasifika infants 

having a higher prevalence of frequent pouch use and sucking directly from the pouch than ‘other’ 

infants. The majority of infants from all ethnic groups were introduced to complementary food at 

around six months of age, as per the Manatū Hauora – Ministry of Health (MoH) guidelines (1). 

However, for Māori and Pasifika, this represented 56.5% and 62.2% respectively, with 80.9% of 

‘others’ introducing complementary foods in a timely manner. The majority of infants from all ethnic 

groups had red meat around six months of age, with approximately 50% of all ethnicities having 

iron-fortified baby rice. For all ethnicities, the most common type of first food offered was 

vegetables, and the most common texture for the first food offered was pureed. Age-inappropriate 

drinks were given to 18% of Māori, 21% of Pasifika, and 4% of ‘other’ infants. Caregivers were asked 

if traditional cultural foods were given to their infants, but there was a low response rate with just 

9% of Māori and 21% of Pasifika reporting that they offered cultural foods to their infants. A possible 

reason for such a low response rate is that whānau do not consider their everyday foods to be 

different or special, and just see it as ordinary everyday food. Rephrasing this question using specific 

food examples, or even providing an exhaustive list of cultural foods and cooking practices may help 

overcome this issue in future research.  
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Baby-led weaning was most prevalent at the ‘current’ timepoint – i.e., at the time of conducting the 

study when the infants were aged 7.0–10.0 months, as compared to when first introducing 

complementary foods and/or at six months of age. However, there was a limitation in the way in 

which BLW was measured: infants were categorised as “BLW” or “partial BLW” according to how 

frequently the caregiver reported the infant as self-feeding, without specifically asking about an 

intention to BLW. Given that 7.0–10.0 months of age is a common time for the introduction to finger 

foods it may not be an accurate representation of the true prevalence of BLW. At six months of age, 

when finger-foods are less common, there was a low prevalence of BLW in all ethnic groups, with 

~14% of both Māori and ‘others’ being identified as using BLW, and just 6% of Pasifika. As this is not 

a nationally generalisable cohort these findings cannot be extrapolated to the wider population, but 

with ethnically and socio-economically diverse participants it gives some insight into the use of BLW 

in NZ.  

 

Key areas of concern highlighted by these findings were the prevalence of early introduction to 

complementary foods for Māori and Pasifika infants, and the prevalence of pouch use alongside the 

frequency of infants sucking food directly from the pouch nozzle. With regard to the early 

introduction to complementary food, the World Health Organisation (WHO) changed their 

recommendations to “around six months of age” in 2001 (2), and these guidelines were adopted by 

the Ministry of Health in NZ in 2006 (3). The prevalence of early introduction of complementary 

foods amongst Māori and Pasifika infants is concerning in light of their higher prevalence of 

gastrointestinal and respiratory tract illnesses, with displacement of breast milk by solid food prior 

to six months increasing the risk of illnesses (4). However, when comparing the findings in the 

present study to those in the Growing Up In New Zealand (GUINZ) study (2009 & 2010) (5), it 

appears that the proportion of infants being introduced early is declining, with a 17 % lower 

frequency of early introduction for Māori, 12% for Pasifika, and 19% for ‘others’ in the FFNZ study.  

 

A number of potential concerns have been identified around pouch use, in particular the high sugar 

content compared to commercial infant food not packaged in pouches and the low iron and meat 

content. Pouches now make up the majority of the market share of commercial infant food and lack 

advisory warnings on the label around the method of feeding – presumably due to a lack of research, 

despite expert groups advising against sucking food directly from the pouches (6, 7). Māori and 

Pasifika children have a higher rate of dental caries, and as adults up to a four-fold higher rates of 

type 2 diabetes than NZ Europeans (8), significantly higher rates of cardiovascular disease (9-11), 

along with historically high rates of iron deficiency with and without anaemia (12-17). Therefore, the 
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increasing availability, popularity, and use of baby food pouches could have implications for these 

health outcomes due to the higher sugar and lower iron content. The high sugar content is a risk for 

both dental caries forming as well as the infant developing a sweet-taste preference that may be 

life-long. The low iron content may impact on iron status, which in turn can have far-reaching 

implications for cognitive and social development and can affect IQ in adolescence (18-22).  

 

The second aim of this study was presented in chapter four, and examined energy and nutrient 

intake from complementary food, and the nutrient density of the complementary diet. This is critical 

information as complementary food has the important role of filling the gap between what the 

infant’s nutrient requirements are, and what they obtain from breast milk and / or formula. 

Furthermore, infants have exceptionally high nutrient requirements per kilogram of body weight 

(23). Currently very little is known about the complementary diets of NZ infants and investigating 

this is essential to better understand the complexities of the infant’s diet as well as helping inform 

future nutrition interventions and research to help close nutrient gaps.  

 

Energy intake was stratified by sex, age, and ethnicity. Expectedly, energy intake increased between 

7 and 10 months of age and was higher overall for boys than girls. Of interest, Māori and Pasifika 

girls had a much lower intake of energy from complementary foods compared to ‘other’ girls and all 

boys. A possible reason for this is that Māori and Pasifika girls may acquire a greater proportion of 

their nutrients from milk feeds than from complementary foods at nine months of age, or they may 

be consuming less energy-dense complementary foods. Pasifika girls still met the recommended 

intake of energy from complementary foods at nine months, but Māori girls were marginally lower 

(23). For macronutrients, ‘other’ infants had a significantly higher intake of total fat as a percentage 

of their total energy intake compared to Māori and Pasifika, and a significantly higher intake of 

protein as a percentage of total energy intake compared to just Māori. ‘Other’ infants had a 

significantly lower proportion of carbohydrate intake than both Māori and Pasifika infants. Pasifika 

infants had a significantly higher intake of sugar in grams per day compared to others, while sugar as 

a percentage of total energy intake was significantly higher for Māori. This may be reflective of the 

relative cost of the food sources, with protein-rich foods having a higher cost (24), and the Māori 

and Pasifika infants tended to live in more highly deprived neighbourhoods than ‘other’ infants. The 

nutrient density of complementary foods was found to be inadequate for iron, zinc, and calcium but 

adequate for vitamin A, vitamin B12, and vitamin C.  
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The common finding of inadequate nutrient density of complementary foods for iron, zinc, and 

calcium for all ethnic groups is consistent with international findings in developing countries (25-27). 

This presents a unique opportunity to examine the quality and nutritional density of complementary 

food, but also raises a question about the recommendations for iron in particular – could they be too 

high? Given that dietary iron intake has not been strongly or consistently associated with iron status 

this is worth exploring further.  

 

The method used to obtain dietary data was a multiple (three) pass 24-hour recall. This method 

provides less of a burden than a weighed diet record, and alongside detailed prompts at each pass 

for forgotten foods and fluids and the use of props this has provided a valid and reliable method to 

assess the nutrient intake of the infants in this study. Furthermore, the use of nutrient density to 

assess the infants’ complementary diets has given a clearer understanding of where critical nutrient 

gaps lie. Furthermore, this focus on the complementary diet helps better direct where future 

interventions are needed given that it is appropriate to manipulate the complementary diet rather 

than milk feeds.  

 

The third and final aim of this thesis was to describe infant iron status using body iron expressed as 

mg/kg body weight of NZ infants stratified by ethnicity. There is little recent robust data on the iron 

status of NZ infants, yet iron is crucial for healthy growth and development. Iron deficiency has 

short- and long-term effects on immune function, cognitive function (28, 29), and motor skill 

development (30). The most recent available data in NZ suggest that 3 – 22% of infants aged 

between six and 12 months have some degree of iron deficiency with or without anaemia (31-33), 

with that figure stretching to up to 65% when looking at just Māori and Pasifika (13-17). These 

figures are based on historical data however, using varying biochemical indices and cut-offs to define 

iron deficiency and anaemia, as well as using hospitalised infants in some cases. 

 

Of the overall study group of 625 infants, biochemical, demographic, and feeding practice data was 

collected from 360, with the remaining 265 infants not providing a blood sample (Appendix D). In 

total, 96.4% of Pasifika infants were iron sufficient, followed by 82.5% of Māori and 77.5% of ‘other’ 

infants. In total, 6% of ‘other’ infants were categorised with iron-deficiency anaemia (IDA), 8% with 

early functional iron deficiency, and 8.4% with iron depletion. Of the Māori infants, 4.7% had IDA 

and early functional iron deficiency respectively, and 8% were iron depleted. One (3.6%) Pasifika 

infant was iron depleted.  
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Given historical data indicating a high prevalence of iron deficiency with and without anaemia for 

Māori and Pasifika infants it was surprising to find a very low prevalence of ID and IDA amongst 

Pasifika, and to a lesser extent Māori in this cohort. This can perhaps be explained in part by some 

older studies using inappropriate cut-offs to determine iron status, and in some cases hospitalised 

infants (13, 15-17, 34, 35). A more recent and similarly designed study still contrasts with the 

present study, finding that 20% of Māori infants and 17% of Pasifika were iron deficient compared to 

just 7% of NZE infants (12). A later study examining the same cohort determined that non-nutritive 

factors were likely determinants of ID and IDA (36). Notably, genetic factors can determine up to 

50% of the variability in iron status (37, 38). It is possible that a higher rate of infection and 

inflammation in Māori and Pasifika infants (39, 40) could explain the higher rate of ID previously 

seen, however it is not known if this is a factor in the present study. Another consideration is the 

higher rate of α-thalassaemia affecting Māori and Pasifika, at 16 – 20% of the population (41-44) – 

the resulting microcytic hypochromic red blood cells may have been interpreted as anaemia in older 

studies. 

 

When mediating factors were analysed to explain the ethnic difference in iron status it was found 

that frequent pouch consumption by Pasifika infants was the only factor that partially explained the 

difference. Infant formula use, early introduction of complementary food, consumption of iron-

fortified baby rice at six months of age, and consumption of red meat at six months of age were not 

able to explain the difference. This was surprising because commercial baby food pouches in NZ are 

not fortified with iron, containing just 0.3 mg/100g of iron on average (45). Additionally, meat-based 

pouches contain on average only 5–10% meat or poultry (45). It is therefore likely that non-dietary 

factors, possibly alongside a more complex interplay of dietary factors, such as iron being obtained 

from more highly bioavailable sources, or being eaten in conjunction with vitamin C, or away from 

dietary inhibitors such as calcium and phytic acid, may explain the differences. This idea is further 

supported by the high nutrient density for vitamin C in the infants’ complementary diets of 6.6 – 8.0 

mg/418 kJ vs the required density of 1.5-1.7 mg/418 kJ. 

 

Perhaps surprisingly, the nutrient density for iron in the infants complementary diet was particularly 

low (0.8 mg / 418 kJ for Māori and ‘others’, 0.9 mg / 418 kJ for Pasifika, vs the recommended 4.5 mg 

and 3.0 mg / 418 kJ for  6-8 months and 9-11 months respectively), yet the vast majority of all 

ethnicities were iron sufficient (82.5% Māori, 96.4% Pasifika, 76.0% ‘others’). Iron status is affected 

by a kaleidoscope of interrelated factors, from maternal iron stores, gestation, various confounders 

such as infection and inflammation, losses, genetic factors, and dietary enhancers and inhibitors  
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(46-58).  Therefore, dietary iron intake from the complementary diet is just one of many different 

factors that may all have a profound influence on the infant’s iron status, however the marked 

discrepancy between dietary iron intake from complementary foods and iron status is worthy of 

further investigation into the recommended dietary intake currently set.  

 

Overall, the solution to understanding iron absorption, utilisation, and requirements is complex and 

affected by many factors that vary between infants. Untangling this in order to provide the best 

possible nutrition advice for infants on a population level is challenging and perhaps best conducted 

on an infant-to-infant basis.  

 

Conclusion 

Complementary feeding practices and foods play a critical role in the growth and development of 

infants. Feeding practices and complementary foods offered influence not just the health and 

growth of the infant, but the infant’s first experience with foods which helps lay down a life-long 

pattern of preferences. The potential impact of feeding practices on the infant is further reinforced 

by the foods offered — particularly in terms of nutrient density of the complementary diet, with the 

infant having the highest needs per kilogram of body weight than at any other stage in life. These 

factors can influence the lifelong morbidity risk for infants, with both communicable and non-

communicable disease disproportionately experienced by Māori and Pasifika (59). Furthermore, iron 

deficiency and iron deficiency anaemia has historically been prevalent particularly amongst Māori 

and Pasifika infants, affecting immune function, cognitive development, and gross motor skill 

development. Therefore, it is important to look at this through a Māori and Pasifika lens to help 

provide a better understanding of where future research and public health initiatives can be best 

focussed.  

 

Complementary feeding practices of concern were the prevalence of pouch feeding alongside 

infants sucking directly from the pouch nozzle, particularly in light of the high sugar and low iron 

content of pouch food. Reassuringly, the majority of infants from all ethnic groups were introduced 

to CF at around six months of age, while 14% of both Māori and ‘other’ infants were baby-led 

weaned at six months of age, compared to just 6% of Pasifika. The majority of infants also had either 

red meat or iron-fortified baby rice (or both) at around six months of age, and a very low prevalence 

of age-inappropriate drinks. Other than pouch use, for which no formal guidelines are published in 

NZ, the majority of infants in all ethnic groups are fed according to the guidelines.  
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The nutrient density of complementary foods was inadequate for iron, zinc, and calcium but there 

were no significant nor trending differences between ethnic groups, indicating that solving the 

problem of inadequate nutrient density for these minerals in complementary food requires a broad 

approach suitable for all cultural backgrounds. There were significant differences in the proportion 

of fat, protein, total carbohydrate, and sugar intake, with ‘other’ infants having a significantly higher 

intake of fat and protein compared to Māori, and just fat compared to Pasifika. Pasifika and Māori 

both had a significantly higher sugar and total carbohydrate intake than ‘other’ infants though, 

which may be reflective of the relative cost of the food sources of these macronutrients given that 

Māori and Pasifika infants tended to live in more highly deprived neighbourhoods than ‘other’ 

infants. Despite this, the micronutrient density of the complementary diet was very similar for all 

groups.  

 

Pasifika infants had the highest prevalence of iron sufficiency, followed by Māori, then ‘other’ 

infants. This was a surprising finding with previous studies indicating that Pasifika and Māori tended 

to have much higher rates of ID and IDA than NZE infants. Frequent pouch use was the only factor 

examined that could partially explain this difference. This is surprising due to lack of iron fortification 

in commercial baby food pouches and low proportion of meat in the meat-based pouches. However, 

it may be that the Pasifika ethnicity also has a partial effect, and there are other effects that were 

not measured for, such as the iron bioavailability of complementary foods and dietary modifiers. It is 

important to note that due to a high attrition rate the Māori and Pasifika groups were small, 

therefore further research to support these findings are needed. 

 

Pēpi (infants) and tamariki (children) are our greatest treasure and represent hope for the future. Kai 

(food) is about nourishment, love, and connection, and helps tamariki to grow into strong healthy 

adults by giving them the best possible start in life. This study has highlighted important areas in 

need of greater understanding and research to help better the lives of our future generations.   

 

 

Directions for future research 

1. A high prevalence of baby food pouch consumption was identified particularly for Māori and 

Pasifika infants, but little is known about the potential health impacts of frequent pouch use 

and direct feeding from the pouch in these vulnerable groups. Research investigating both 

the nutritional content as well as the impact of sucking directly from the nozzle is needed. 
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2. Very few Māori and Pasifika reported using traditional cultural foods or practices, despite an 

increase in “de-colonising through kai (food)” (60). Given the health benefits of a traditional 

responsive feeding pattern using cultural foods, qualitative research examining barriers, 

prevalence, and nutrition-related health outcomes would be worthwhile. 

 

3. Currently there appears to be loopholes in regulations relating to the fortification and food 

content of commercial infant food with iron, whereby food products labelled as “4+ months” 

are not required to be iron fortified, meaning manufacturers can avoid fortifying food with 

enough iron by labelling the package in this way. Additionally, there is no requirement for a 

minimum percentage of meat in infant foods that contain a meat ingredient in the title. 

Given the very low iron intake for NZ infants a review of the legislation and labelling of 

commercial infant foods to provide recommendations is urgently needed. 

 

4. The nutrient density of the complementary diet of infants in NZ is lacking for iron, zinc, and 

calcium. Research is needed to investigate novel and practicable fortification strategies to fill 

this critical nutrient gap and are appropriate for a range of cultural backgrounds. 

 

5. Non-nutritive factors appear to play a key role in the iron status of infants in NZ. Given 

genetic variations in hepcidin that can result in phenotypic idiosyncrasies, such as the 

disproportionate synthesis of hepcidin or resistance of iron transporters to its effects, 

further research investigating hepcidin concentration alongside iron status would greatly 

improve understanding of infant iron status.  
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Appendix A: Information Sheet 
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Appendix B: Consent form 
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Appendix C: Flowchart of Participants for First Foods New Zealand 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Number screened 
n=1424 

Eligible infants 
n=1198 

Verbally consented 
n=860 

Written consent 
n=630 

Enrolled in study 
n=625 

 Infant too old: n=83

 Infant too young: n=3

• Outside eligible location: n=139 

• Involved in nutrition intervention: n=1 

• Not contactable / aged out: n=338 

• Did not give written consent: n=231 

• Withdrew: n=1 

• Too old: n=3 

• Too young: n=1 
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Appendix D: Flowchart of Participants and Blood Tests 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

• Caregiver declined blood test: n=92 

• Unable to attend due to illness: n=32 

• Unable to attend due to COVID-19 lockdowns: n=20 
 

• Unsuccessful blood draw: n=116 
 

Number in study 
n=625 

Number attempted blood test 
n=481 

Adequate blood sample 
obtained 

n=365 
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Appendix E: Infant and Caregiver Ethnicity 

Table E1. Classification of ethnicity in infants and caregivers (n=625) 
Ethnicity groups 
 

Reported ethnicities Infant Caregiver 

Ethnicity Level 1: 
total response 

 n (%) n (%) 

 NZ European 
 

 494 (79.0) 448 (71.7) 

 Māori 
 

 131 (21.0) 85 (13.6) 

 Pacific Samoan, Cook Island Māori, Tongan, Niuean, Tuvaluan, 
Tokelauan, Rotuman, Papua New Guinea, Kiribati, Hawaiian, 

Fijian 

82 (13.1) 48 (7.7) 

 Southeast Asian Vietnamese, Thai, Malaysian, Indonesian, Filipino, Burmese 28 (4.5) 27 (4.3) 
 East Asian Chinese, Taiwanese, Korean, Japanese, Asian 44 (7.0) 39 (6.2) 
 South Asian Indian, Sri Lankan, South African Indian, Pakistani, Fijian 

Indian 
30 (4.8) 25 (4.0) 

 West Asian 
 

Syrian, Middle Eastern, Lebanese 4 (0.6) 4 (0.6) 

 European Swiss, Scottish, Russian, Romanian, Lithuanian, Irish, 
Hungarian, German, French, English, Dutch, Danish, British, 

European, Croatian, Slovenian, Polish 

48 (7.7) 40 (6.4) 

 Other European South African, Canadian, Australian, American 14 (2.2) 17 (2.7) 
 African 

 
African, Ethiopian, Zimbabwean 3 (0.5) 2 (0.3) 

 South American Peruvian, Nepalese, Latin American, Brazil, Argentinian, 
South American 

12 (1.9) 11 (1.8) 

 Other 
 

Native American, Aboriginal 2 (0.3) 0 

Ethnicity Level 2: 
total response 

   

 NZ European  494 (79.0) 448 (71.7) 
 Māori  131 (21.0) 85 (13.6) 
 Pacific  82 (13.1) 48 (7.7) 
 Southeast Asian  28 (4.5) 27 (4.3) 
 East Asian  44 (7.0) 39 (6.2) 
 South Asian  30 (4.8) 25 (4.0) 
 Other European European & Other European 61 (9.8) 57 (9.1) 
 Others 

 
Other, West Asian, African, South American 21 (3.4) 17 (2.7) 

Ethnicity Level 2: 
prioritised (as listed) 

   

 Māori  131 (21.0) 85 (13.6) 
 Pacific  44 (7.0) 32 (5.1) 
 East Asian  40 (6.4) 35 (5.6) 
 South Asian  24 (3.8) 23 (3.7) 
 Southeast Asian  26 (4.2) 26 (4.2) 
 Others  16 (2.6) 15 (2.4) 
 Other European  34 (5.4) 50 (8.0) 
 NZ European 

 
 310 (49.6) 359 (57.4) 

Ethnicity Level 3: 
prioritised (as listed) 

   

 Māori  131 (21.0) 85 (13.6) 
 Pacific  44 (7.0) 32 (5.1) 
 Asian Southeast Asian, South Asian, East Asian 90 (14.4) 84 (13.4) 
 Others  16 (2.6) 15 (2.4) 
 European NZ European, European, Other European 344 (55.0) 409 (65.4) 
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Table E2. Self-identified infant ethnicity (n=625) 

Self-identified ethnicity n Level 1 ethnicity group 

New Zealand European 494 NZE 

Māori 131 Māori 

Samoan 44 Pacific 

Cook Island Māori 24 Pacific 

Tongan 22 Pacific 

Niuean 9 Pacific 

Chinese 31 East Asian 

Indian 22 South Asian 

Vietnamese 2 Southeast Asian 

Tuvaluan 1 Pacific 

Tokelauan 1 Pacific 

Thai 4 Southeast Asian 

Taiwanese 1 East Asian 

Syrian 1 West Asian 

Swiss 2 European 

Sri Lankan 4 South Asian 

South American 1 South American 

South African Indian 1 South Asian 

South African 5 Other European 

Scottish 1 European 

Russian 2 European 

Rotuman 1 Pacific 

Romanian 2 European 

Peruvian 1 South American 

Papua New Guinea 1 Pacific 

Pakistani 2 South Asian 

Nepalese 1 South American 

Native American 1 Other 

Middle Eastern 2 West Asian 

Malaysian 1 Southeast Asian 

Lithuanian 1 European 

Lebanese 1 West Asian 

Latin American 6 South American 

Korean 3 East Asian 

Kiribati 1 Pacific 

Japanese 2 East Asian 

Irish 5 European 

Indonesian 1 Southeast Asian 

Hungarian 1 European 

Hawaiian 1 Pacific 

German 5 European 

French 1 European 

Filipino 20 Southeast Asian 

Fijian Indian 1 South Asian 

Fijian 4 Pacific 

European 7 European 

Ethiopian 2 African 

English 2 European 
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Self-identified ethnicity n Level 1 ethnicity group 

Dutch 6 European 

Danish 1 European 

Canada 1 Other European 

Burmese 1 Southeast Asian 

British 13 European 

Brazil 2 South American 

Australian 4 Other European 

Asian 8 East Asian 

Argentinian 1 South American 

American 4 Other European 

African 1 African 

Aboriginal 1 Other 
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Table E3. Self-identified caregiver ethnicity (n=625) 

Self-identified ethnicity n Level 1 ethnicity group 

New Zealand European 448 NZE 

Māori 85 Māori 

Samoan 20 Pacific 

Cook Island Māori 18 Pacific 

Tongan 11 Pacific 

Niuean 4 Pacific 

Chinese 29 East Asian 

Indian 20 South Asian 

Zimbabwean 1 African 

Vietnamese 3 Southeast Asian 

Tuvaluan 1 Pacific 

Tokelauan 1 Pacific 

Thai 3 Southeast Asian 

Taiwanese 1 East Asian 

Syrian 1 West Asian 

Swiss 3 European 

Sri Lankan 2 South Asian 

South American 1 South American 

South African 6 Other European 

Slovenian 1 European 

Scottish 1 European 

Russian 2 European 

Romanian 1 European 

Polish 1 European 

Peruvian 1 South American 

Papua New Guinea 1 Pacific 

Pakistani 1 South Asian 

Middle Eastern 2 West Asian 

Lithuanian 1 European 

Lebanese 1 West Asian 

Latin American 6 South American 

Korean 2 East Asian 

Kiribati 1 Pacific 

Japanese 1 East Asian 

Irish 1 European 

Indonesian 1 Southeast Asian 

Hungarian 1 European 

Hawaiian 1 Pacific 

German 3 European 

French 1 European 

Filipino 20 Southeast Asian 

Fijian Indian 2 South Asian 

Fijian 2 Pacific 

European 5 European 

English 2 European 

Dutch 5 European 

Croatian 1 European 

Canada 3 Other European 
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Self-identified ethnicity n Level 1 ethnicity group 

Burmese 1 Southeast Asian 

British 11 European 

Brazil 3 South American 

Australian 4 Other European 

Asian 6 East Asian 

American 5 Other European 

African 1 African 
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Appendix F: Study Questionnaire 

Question Answer options 

How are you related to this baby? Radio, required 

1 Mother 

2 Father 

3 Grandparent 

4 Guardian 

5 Other (please state) 
 

What is your date of birth? Text (dd/mm/yyyy) 

What is today’s date? Text (dd/mm/yyyy) 

Was your baby born pre-term or term?  Radio 

1 Preterm (less than 37 weeks gestation) 

2 Term (37 weeks gestation or older) 

3 I don’t know 
 

Is your baby a boy or a girl? Radio 

1 Girl 

2 Boy 

3 I would rather not say 
 

Which ethnic group does your child 
belong to? Select all that apply to your 
child.  

Checkbox 

1 NZ European 

2 Māori 

3 Samoan 

4 Cook Island Māori 

5 Tongan 

6 Niuean 

7 Chinese 

8 Indian 

9 Other, e.g., Dutch, Japanese, 
Tokelauan 

 
If other, please enter ethnicity(s) 

Is your child descended from a Māori 
(that is, did they have a Māori birth 
parent, grandparent, or great-
grandparent, etc) 

Radio 

1 Yes 

2 Don’t know 

3 No 
 

How old was your baby when they first 
had anything to drink that wasn’t breast 
milk? (e.g., infant formula, water, other 
liquids) 

Radio 

1 They didn’t have any 
breast milk 

2 Breast milk is the 
only drink they’ve 
had so far 

3 1 month old 

4 2 months old 

5 3 months old 

6 4 months old 
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7 5 months old 

8 6 months old 

9 7 months old 

10 8 months old 

11 9 months old 

12 10 months old 
 

Is baby still being breastfed? Yes / No 

If no, how old was your baby when they 
stopped being breastfed? 

Radio 

1 Less than 1 month 
old 

2 1 month old 

3 2 months old 

4 3 months old 

5 4 months old 

6 5 months old 

7 6 months old 

8 7 months old 

9 8 months old 

10 9 months old 

11 10 months old 
 

Has your baby ever had infant formula? Yes / No 

If yes, how old was your baby when 
they first had infant formula? 

Radio 

1 Less than 1 month 
old 

2 1 month old 

3 2 months old 

4 3 months old 

5 4 months old 

6 5 months old 

7 6 months old 

8 7 months old 

9 8 months old 

10 9 months old 

11 10 months old 
 

Does your baby still drink infant 
formula? 

Yes / No 

If no, how old was your baby when they 
stopped drinking infant formula? 

Radio 

1 Less than 1 month 
old 

2 1 month old 

3 2 months old 

4 3 months old 

5 4 months old 

6 5 months old 

7 6 months old 

8 7 months old 
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9 8 months old 

10 9 months old 

11 10 months old 
 

Are you currently offering your baby 
any drinks other than water, breast 
milk, or infant formula? 

Yes / No 

What other drinks are you currently 
offering your baby? Please select all 
that apply. 

Checkbox 

1 Cow’s milk – undiluted 

2 Cow’s milk – diluted 

3 Soy or other milk alternative 

4 Tea 

5 Juice or fruit drink 

6 Other (please specify) 
 

How old was your baby when they first 
had solid foods? (solid foods are 
anything that isn’t breast milk, infant 
formula, or other drinks. They don’t 
have to be thick – some solids are 
runny, and some have drinks like breast 
milk or infant formula mixed into them)  

Radio 

1 They haven’t had solids yet 

2 Less than 1 month old 

3 1 month old 

4 2 months old 

5 3 months old 

6 4 months old 

7 5 months old 

8 6 months old 

9 7 months old 

10 8 months old 

11 9 months old 

12 10 months old 
 

What was the first food you gave your 
baby? 

Free text 

What texture was the first food you 
gave your baby? 

Radio 

1 Pureed 

2 Mashed 

3 Chopped 

4 Finger food 

5 Other 
 

How was your baby fed when they first 
started eating solids? 

Radio 

1 Spoon fed by an adult 

2 Mostly spoon fed by an adult, some 
baby feeding themselves 

3 About half spoon fed by an adult and 
half baby feeding themselves 

4 Mostly baby feeding themselves, some 
spoon feeding by an adult 

5 Baby feeding themselves 
 

How was your baby fed at around 6 
months of age? 

Radio 

1 Spoon fed by an adult 
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2 Mostly spoon fed by an adult, some 
baby feeding themselves 

3 About half spoon fed by an adult and 
half baby feeding themselves 

4 Mostly baby feeding themselves, some 
spoon feeding by an adult 

5 Baby feeding themselves 
 

How is your baby being fed solids now? Radio 

1 Spoon fed by an adult 

2 Mostly spoon fed by an adult, some 
baby feeding themselves 

3 About half spoon fed by an adult and 
half baby feeding themselves 

4 Mostly baby feeding themselves, some 
spoon feeding by an adult 

5 Baby feeding themselves 
 

Have you ever used baby-led weaning 
with your baby? 

Radio 

1 I don’t know what baby-led weaning is 

2 Yes, we have followed baby-led weaning 
most or all of the time 

3 Yes, we have followed baby-led weaning 
some of the time 

4 Yes, we tried baby-led weaning but we 
stopped 

5 No, we did not try baby-led weaning 
 

If yes, how old was your baby when you 
first tried baby-led weaning? 

Radio 

1 Less than 1 month 
old 

2 1 month old 

3 2 months old 

4 3 months old 

5 4 months old 

6 5 months old 

7 6 months old 

8 7 months old 

9 8 months old 

10 9 months old 

11 10 months old 
 

Have you used any traditional foods or 
practices when starting baby on solids? 
You might have chosen them because 
they are traditional to your culture, or 
your family or whānau. 

Yes / No 

If yes, please describe: Free text 
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Are there any traditional or cultural 
(family or whānau) foods you like your 
baby to have now? 

Yes / No 

If yes, please describe: Free text 

When your baby was around 6 months 
of age, did they eat bought baby rice 
cereal? 

Radio 

1 Yes 

2 No – I offered it but they wouldn’t 
eat it 

3 No – I didn’t offer it because I don’t 
agree with my baby eating it 

4 No – I didn’t offer it because I didn’t 
think it would be safe for my baby 

5 No – I didn’t offer it because my 
baby hadn’t started eating solids yet 

6 No – I didn’t offer it for another 
reason (free text to state answer) 

 

When your baby was around 6 months 
of age, did they eat red meat (like beef 
or lamb)? 

Radio 

1 Yes 

2 No – I offered it but they wouldn’t 
eat it 

3 No – I didn’t offer it because I don’t 
agree with my baby eating it 

4 No – I didn’t offer it because I didn’t 
think it would be safe for my baby 

5 No – I didn’t offer it because my 
baby hadn’t started eating solids yet 

6 No – I didn’t offer it for another 
reason (free text to state answer) 

 

Has your baby ever eaten food from a 
baby food pouch? 

Yes / No 

How often has your baby eaten from a 
‘ready-to-eat’ baby food pouch in the 
past month? (i.e., pouches that are 
filled when you buy them) 

Radio 

1 Never 

2 More than once a day 

3 Once a day 

4 5–6 times a week 

5 2–4 times a week 

6 Once a week 

7 2–3 times a month 

8 Once a month 

9 Less than once a month 
 

How often has your baby eaten from a 
‘home-filled’ baby food pouch in the 
past month? (i.e., pouches that you 
have to put the food in at home) 

Radio 

1 Never 

2 More than once a day 

3 Once a day 

4 5–6 times a week 

5 2–4 times a week 
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6 Once a week 

7 2–3 times a month 

8 Once a month 

9 Less than once a month 
 

When baby has food from a baby food 
pouch, how does baby get the food? 

Radio 

1 Always suck it straight from the 
pouch nozzle 

2 Mostly suck it straight from the 
pouch nozzle, sometimes on a spoon 

3 About half the time suck it straight 
from the pouch nozzle and half the 
time on a spoon 

4 Mostly from a spoon, sometimes suck 
it straight from the pouch nozzle 

5 Always on a spoon 
 

When your baby first started eating 
solids, were they having food from a 
baby food pouch? 

Yes / No 

When your baby first started eating 
solids, how often would they have food 
from a ‘ready-to-eat’ baby food pouch? 
(i.e., pouches that are filled when you 
buy them) 

Radio 

1 Never 

2 More than once a day 

3 Once a day 

4 5–6 times a week 

5 2–4 times a week 

6 Once a week 

7 2–3 times a month 

8 Once a month 

9 Less than once a month 
 

When your baby first started eating 
solids, how often would they have food 
from a ‘home-filled baby food pouch? 
(i.e., pouches that you have to put the 
food in at home) 

Radio 

1 Never 

2 More than once a day 

3 Once a day 

4 5–6 times a week 

5 2–4 times a week 

6 Once a week 

7 2–3 times a month 

8 Once a month 

9 Less than once a month 
 

When baby had food from a baby food 
pouch when they first started solids, 
how did baby get the food? 

Radio 

1 Always suck it straight from the 
pouch nozzle 

2 Mostly suck it straight from the 
pouch nozzle, sometimes on a spoon 

3 About half the time suck it straight 
from the pouch nozzle and half the 
time on a spoon 
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4 Mostly from a spoon, sometimes suck 
it straight from the pouch nozzle 

5 Always on a spoon 
 

Was your baby eating food from a baby 
food pouch when they were around 6 
months of age? 

Yes/No 

How often would they have food from a 
‘ready-to-eat’ baby food pouch when 
they were around six months? (i.e., 
pouches that you have to put the food 
in at home) 

Radio 

1 Never 

2 More than once a day 

3 Once a day 

4 5–6 times a week 

5 2–4 times a week 

6 Once a week 

7 2–3 times a month 

8 Once a month 

9 Less than once a month 
 

How often would they have food from a 
‘home-filled’ baby food pouch when 
they were around six months? (i.e., 
pouches that you have to put the food 
in at home) 

Radio 

1 Never 

2 More than once a day 

3 Once a day 

4 5–6 times a week 

5 2–4 times a week 

6 Once a week 

7 2–3 times a month 

8 Once a month 

9 Less than once a month 
 

When baby had food from a baby food 
pouch at around 6 months of age, how 
did baby get the food? 

Radio 

1 Always suck it straight from the 
pouch nozzle 

2 Mostly suck it straight from the 
pouch nozzle, sometimes on a spoon 

3 About half the time suck it straight 
from the pouch nozzle and half the 
time on a spoon 

4 Mostly from a spoon, sometimes suck 
it straight from the pouch nozzle 

5 Always on a spoon 
 

What ethnic group do you belong to? 
Select all that apply to you. 

Checkbox 

1 NZ European 

2 Māori 

3 Samoan 

4 Cook Island Māori 

5 Tongan 

6 Niuean 

7 Chinese 

8 Indian 
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9 Other, e.g., Dutch, Japanese, 
Tokelauan 

If other, please enter the ethnicity: (free text) 

Are you descended from a Māori (that 
is, did you have a Māori birth parent, 
grandparent, or great-grandparent, 
etc)? 

Radio 

1 Yes 

2 No 

3 Don’t know 
 

Do you currently have paid 
employment? 

Radio 

1 No 

2 Yes – part-time 

3 Yes – full-time 

4 Paid parental leave 

5 Unpaid parental 
leave 

 

What is the highest level of education 
you have completed? 

Radio 

1 School 

2 Polytechnic or similar 

3 University 

4 Other (please state – free text) 
 

How many children have you / the 
baby’s mother given birth to (including 
this baby)? 

Radio 

1 One 

2 Two 

3 Three 

4 Four or more 
 

How many children usually (at least half 
the time) live in this household 
(including this baby)? 

Radio 

1 One 

2 Two 

3 Three 

4 Four or more 
 

How many adults usually live in your 
household (including yourself)? 

Radio 

1 One 

2 Two 

3 Three 

4 Four or more 
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Appendix G: Example blood test results letters 

 

1. Example of a letter when there has been an abnormal result 
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1. Example of a letter when there has been an expected result 
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Appendix H: Statement of contribution – Chapter 3 
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Appendix I: Statement of contribution – Chapter 4 
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Appendix J: Statement of contribution – Chapter 5 

 

 


