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Abstract

Background: Complementary feeding is a formative step in an infant’s life, bridging the gap between-
milk feeding and family foods, and setting the scene for future health outcomes and eating behaviours.
From birth, infants are exposed to sugars and the sweet tastes they provide. Breastmilk and infant
formula are high in the intrinsic sugar, lactose, which is an important source of energy for the growing
infant. Infants then begin the transition onto complementary foods around six months of age, a stage
necessary to provide them with adequate nutrients for growth and development beyond what breastmilk
can provide. The first foods and beverages provided to them during this stage are important for
predicting future health outcomes. Infant feeding recommendations across the world advise against the
introduction of added sugars, honey or sweeteners during the complementary feeding period on the
premise that they do not provide any nutritional benefit (other than energy provision). Despite these
recommendations, infants are being introduced to foods containing added sugars in their first year of
life. The New Zealand Food and Nutrition Guidelines for Healthy Infants and Toddlers currently do not
address sugars naturally present in milk/milk products, grains and cereals, or the sweet fruits and
vegetables commonly found in many infant foods as there is currently no evidence of the negative
effects of consuming these. Few studies have described the total sugar intake from complementary
foods consumed by New Zealand infants, or analysed sources contributing to these.

Aim: To investigate the quantity of total sugars obtained from complementary foods and beverages and
the food and beverage sources contributing to these in the diets of nine- to eleven-month-old infants in
Aotearoa-New-Zealand

Methods: A cross-sectional study design was used. Four-day weighed food records (4dWFR) were
completed on non-consecutive days by the parents of 95 infants (aged between nine and eleven months)
across New Zealand. Descriptive analyses were carried out to determine the energy intake, nutrients
(including carbohydrates, total sugars, % energy from sugar) and the foods and beverages contributing
to sugar intakes in the infants.

Results: The mean + SD daily total sugar intake from complementary foods and beverages was 23.8 +
13.7g, which contributed to 22.0% of the total energy intake derived from complementary foods among
infants (range 7.0 to 55.0%). Infants consumed sugars from seven food groups (vegetables, fruits,
breads and cereals, commercial infant products, dairy and dairy-free alternatives, meat and meat-
substitutes, and discretionary foods and beverages). The majority of sugar was contributed by fruits (46.2
+ 20.1%) and vegetables (14.6 £ 13.4%) in particular those of the sweeter variety (bananas, apples,
pears, kumara, carrots and pumpkin). Sixty percent of infants consumed sugar from commercial infant
products, which tend to be fruit based; these contributed to 19.1 £ 20.6% of the infants’ total sugar
intake from complementary foods.

Conclusion: Fruits, vegetables and commercially-available complementary foods are the greatest

contributors to total sugars from foods consumed by NZ infants, and are predominantly those that impart



an overall sweet taste, rather than vegetables which would expose infants to a more bitter taste experience.
Manufacturers of infant foods should be encouraged to reformulate commercially available
complementary foods (CACFs) available in New Zealand to shift towards the use of more vegetable

and savoury products, rather than fruit-based and sweet foods.
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Chapter 1: Introduction

1.1 Background

Nutrition plays an essential role supporting infants to grow, learn, and develop during the first 1000 days
of life (from conception through to 24 months of age), and serves as a foundation for their health status
for rest of their life (Alles et al., 2014; Darling et al., 2020; Finn et al., 2018; Koletzko et al., 2012; WHO,
2003a). Complementary feeding is initiated around six months of age, a vulnerable period where infants
are gradually introduced to solid foods alongside their usual milk feeds (breast milk and/or infant formula)
to help them adapt to family foods (MOH, 2008; WHO, 2003a; Dewey, 2003). These early
complementary foods are important for bridging any nutritional gaps caused by the changing requirements
of growing infants (Cowbrough, 2010). Ensuring adequate energy intake is vital for growth, however,
there is the potential for sugar in complementary foods to contribute to excess energy intake leading to
obesity and a greater risk of dental caries in childhood (Amoutzopoulus et al., 2018; Arnold et al., 1977;
de Ruyter et al., 2012; Ruottinen et al., 2004; Sheiham & James, 2015; WHO, 2015). The 2018/2019 NZ
Health survey indicated that 31.1% of NZ children (aged 2-14 years) are either overweight or obese
(19.8% and 11.3%, respectively) (MOH, 2019). Currently, there is no national data for those aged 0-2
years in New Zealand. Establishing optimal nutrition and good dietary practices in the early years of

life is important for the maintenance of a healthy weight.

Current feeding recommendations for the New Zealand population are to exclusively breastfeed infants
for the first 6 months of life, with continued breastfeeding, alongside the introduction of solids, up to at
least one year of age (MOH, 2008). These recommendations are in line with the World Health
Organisation’s (WHO) Global Strategy for Infant and Young Feeding (WHO, 2003b). Exclusive
breastfeeding refers to the provision of breast milk only (either directly from the breast or expressed),
as well as any prescribed medications (MOH, 2008). Breastmilk is the ideal source of nutrition for
infants and toddlers as it can meet the complete nutritional needs for around the first six months of an
infant’s life and aid in development (both physical and mental) and help protect from many acute and
chronic infectious diseases (MOH, 2008). These benefits of breastmilk continue beyond the first six
months of life; however, breast milk can no longer solely provide all nutrients needed for optimal
growth and development beyond this age (Abeshu et al., 2016; Butte et al., 2000; UNICEF, 1998). The
introduction of solid foods alongside breast milk and milk feeding (with infant formula) is known as
complementary feeding and is an important step for bridging the gap between infant nutrient
requirements and the nutrients breastmilk is able to provide, particularly during this pivotal stage of
growth (Abeshu et al., 2016). Breastmilk contains a naturally occurring sugar, lactose, which has a

sweet taste and provides infants with energy.



Table 1
Relevant definitions for sugars

Type of sugar Definition

Scientific term for all monosaccharides (glucose, galactose, fructose) and
Sugars disaccharides (sucrose, lactose, maltose) (Cummings & Stephen, 2007; Scientific
Advisory Committee on Nutrition (SACN), 2015).

Total sugars All dietary sugars in a food, including extrinsic sugars (i.e free and added sugars)
as well as those intrinsic to a food (Cummings & Stephen, 2007).

o Sugars found naturally within the cellular structure of intact plant cell walls

Intrinsic sugars (e.g.sugars in intact fruits and vegetables) (Cummings & Stephen, 2007; Fidler-

Mis et al., 2017).

Sugars not located within the cellular structure of a food e.g. added and free sugars,
Extrinsic sugars and galactose and lactose in milk/milk products (Committee on Medical Aspects
of Food Policy, 1989; Cummings & Stephen, 2007).

All sugars that are added to foods/beverages during preparation and processing
(i.e. by a manufacturer, chef, or when cooking at home) including white sugar,
brown sugar, raw sugar and corn syrups (Bresson et al., 2009; EFSA Panel on
Dietetic Products, Nutrition and Allergies, 2010; Fidler-Mis et al., 2017).

Added sugars

All sugars which have been added to foods/beverages during processing and
manufacturing, as well as those found naturally in syrups, honey, fruit juice and
fruit juice concentrates (Cummings & Stephen, 2007; WHO, 2015). These sugars
are also referred to as ‘non-milk extrinsic sugars’ (NMES) (Cummings & Stephen,
2007; Committee on Medical Aspects of Food Policy, 1989).

Free sugars

Sugars occurring naturally in milk and milk products (e.g. lactose), however, are
not located within the cellular wall (Committee on Medical Aspects of Food

Milk sugars Policy, 1989).

The New Zealand Food and Nutrition Guidelines for Healthy Infants and Toddlers advise against
consumption of free sugars in infancy on the premise that they do not provide any nutritional benefit
(other than energy provision) (MOH, 2008). Sugars within an infant’s diet should instead be those
naturally found in foods (i.e., milk sugars lactose milk, milk products, and unsweetened dairy products,
and intrinsic sugars in fruits, vegetables and wheat products). These naturally occurring sugars
contribute to an infant’s total sugar intake, as well as their total carbohydrate content (Fidler Mis et al.,
2017; WHO, 2015). Currently, the only recommendations around these naturally occurring sugars for
infants are found in the Nutrient Reference Values (NRVs) for Australia and New Zealand, which
indicate 51g/day of carbohydrate, specifically from complementary foods, is adequate for growth and
development (National Health and Medical Research Council et al., 2006). There is not sufficient
evidence to indicate consumption levels greater than this will have adverse effects. However, there are
some emerging concerns around consumption of total sugars, whether from naturally occurring or
intrinsic sugars, having the potential to ingrain preferences for sweet tastes from a young age (Campoy
et al.,, 2018; Alles et al., 2014). These innate preferences are continually developed and modified
through multiple exposures, interactions and experiences with a variety of foods (Beauchamp &

Mennellam 2009; Cornwell & McAlister, 2011).



Commercially available complementary foods (CACFs) are a convenient alternative to homemade
infant foods, particularly at times when family foods contain amounts of sugar and protein in quantities
higher than recommended for infants (MOH, 2008). Results from the Growing Up in NZ study indicate
a large proportion of infants (60.0%) are consuming CACFs daily as they progress into toddlerhood
(Thornley et al., 2020). All commercially produced infant foods sold in NZ must comply with the
Australia New Zealand Food Standards code, which provides regulation regarding the nutritional
composition of foods intended for infant use, in particular the amount of free sugars in products (Food
Standards Australia NZ (FSANZ), 2002; MOH, 2008). A recent report from WHO, based on four
European countries, identified that commercial infant foods can contain high levels of total sugars
(WHO, 2019). In three of the countries, at least half of the products for which data was collected were
found to provide more than 30% of energy from sugars. Another concern highlighted by the WHO
report was the prevalent use of sugar and concentrated fruit juice as sweetening agents in many
commercial infant foods, contributing to the free sugar content of these foods. Country-specific surveys
of commercial infant foods have identified similar findings; many infant-based products, including
products marketed as savoury, have had fruit added to them to impart a sweet flavour (Garcia et al.,
2016). A large number of complementary feeding products available on the New Zealand market also
contain high amounts of sweet-tasting vegetables, such as sweet corn, kumara, and carrot (Padarath et
al., 2020), therefore, there could be cause for concern regarding the quantity of total sugars from

complementary foods consumed by infants in New Zealand, not just free sugars.

While the importance of adequate nutrition in infancy is well documented, the research analysing sugar
intakes from foods and beverages provided to infants during the complementary feeding period is limited.
The majority of research available on sugar intake of infants from complementary feeding originates
from overseas and indicates eating patterns trending towards high intakes of energy-dense products,
specifically foods with low nutrient content and high in added sugars (Butte et al., 2010; Chan et al., 2011;
Cowin et al., 2007; Siega-Riz et al., 2010; Webb et al., 2006; Yuan et al., 2017; Zhou et al., 2012),
accompanied by intakes of fruits and vegetables that fall below the recommended daily servings (Fox et

al., 2004; Fox et al., 2006; Siega-Riz et al., 2010). The evidence within New Zealand is limited.

1.2 Statement of the problem

Early consumption of sugar during the complementary feeding period in infancy is likely to track through
to later life, ingrain preferences for particular tastes and contribute to the growing burden of non-
communicable diseases. This research was undertaken to describe total sugar intakes in New Zealand

infants and to recognise complementary food sources contributing to these intakes.



1.3 Study Purpose

Significance of this research
Assessing the intake of sugar from complementary foods will provide insight into whether infants’ diets
are in line with the current Ministry of Health Food and Nutrition Guidelines for Healthy Infants and

Toddlers and what foods contribute to their intake of sugar.

Aim
To investigate the quantity of total sugars obtained from complementary foods and the food sources

contributing to these in the diets of nine- to eleven-month-old infants living in Aotearoa-New-
Zealand.

Objectives
The specific objectives for this study were to:
1. Describe the total sugar intake of infants’ diets from complementary foods
2. Describe the major complementary food and beverage sources contributing to total sugars in
the infants’ diets
3. Assess the contribution of commercial foods to the intake of total sugar from complementary

foods in infants’ diets.



1.4 Thesis Structure

The introduction, outlined in chapter one, sets the scene for this research and identifies the aims,
objectives and justification for this particular study. Chapter two reviews the literature pertaining to the
importance of adequate nutrition in infancy, the transition from milk feeding to complementary feeding
and the importance of both stages, the current recommendations around carbohydrate intake in infants,
current intake of sugars in infants, and the health consequences associated with high intake of sugars.
Chapter three describes the research study, including materials and methods, the findings and
conclusions from this study, presented as a manuscript. Chapter four identifies the strengths and
limitations of the research, provides a final conclusion and proposes future research directions.
Appendices include supplementary methods, supplementary results and details of 4dWFR templates
used by the participants.

1.5 Contribution of researchers

Anna Morgan
MSc Nutrition and Dietetic student and primary researcher — reviewed the literature, performed the

statistical analysis and interpretation of the data, formulation of the results and main author of the thesis.

Associate Professor Cath Conlon
Primary academic supervisor — assisted with ethical approval of prior research study, involved in the
development and research design, assisted with statistical analysis and supervised with progression of

the research process through to final manuscript.

Associate Professor Kathryn Beck
Academic co-supervisor — involved in the development and research design, assisted with statistical

analysis and supervised with progression of the research process through to final manuscript.

Professor Pamela von Hurst
Academic co-supervisor — involved in the development and research design, assisted with statistical

analysis and supervised with progression of the research process through to final manuscript.

Amy Judd and Ashleigh Jackson
NZ Registered Dietitians and previous Massey students — involved in the recruitment of participants

and data collection in 2016 and 2018 to provide the dataset used for this secondary analysis.



Chapter 2: Literature Review

2.1. Introduction

This review of the literature describes the current recommendations around infant feeding, and the impacts
of early-life nutrition. The review places a particular focus on the complementary feeding stage and
quantities of sugars consumed during this period, guidelines on sugar intakes in the infant group, and the

current evidence around infant dietary intakes.

The relevant literature was identified through comprehensive searches of electronic databases (including
PubMed, Web of Science and Google Scholar) using a variety of search term combinations (Figure 1).
The search terms were aligned with the study’s purpose, aims and objectives. Only full-text English
journal articles that had been retrieved between the dates of October 2019 and December 2020 were used.
Reference lists from relevant articles were also screened for relevant literature. Global infant feeding

guidelines and position statements were also reviewed.

Dates searched: October 2019 — December 2020

Electronic databases: Web of Science, PubMed, Google Scholar

Search terms:

Sugar

AND intake OR nutrition OR infant nutrition OR diet OR feeding OR complementary feeding OR
complementary food*

AND infant OR infancy OR baby OR babies

AND diet record* OR weighed record* OR weighed food record* OR food record* OR diet* assess*
AND obesity OR childhood obesity OR adiposity OR weight

AND taste preference OR taste development OR flavour development OR flavour preference

AND dental caries OR tooth decay OR dental decay

Figure 1. Search strategy for literature review

2.2. The importance of the first 1000 days

Early nutrition is a key part of the first 1000 days of life (from conception through to 24 months of age);
it plays an essential role in growth and development (Darling et al., 2020). A wealth of research establishes
optimal nutrition during infancy as a foundation for later health (Finn et al., 2018; Koletzko et al., 2012;
Mustard, 2009; Shonkoff et al., 2012). The brain and its network of synaptic connections grow and adapt
with every new experience encountered, particularly throughout the first few years of life. A suboptimal

nutritional environment (i.e., nutrient deficiencies or excesses) during this period may negatively impact
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brain and central nervous system development (Abeshu et al., 2016; Krebs et al., 2011; Moore et al., 2017,
Perry, 2002; Schwarzenberg & Georgieff, 2018).

Food preferences are formed during the first two years of life; both the types of foods provided to infants
and the timing of introducing these are important factors in the early establishment of healthy eating habits
(Birch & Doub, 2014). The first solid foods also have more immediate roles in helping them grow and
reach important developmental milestones (Ministry of Health (MOH), 2008), therefore, special
consideration of the nutrient profile of these foods is required. It is ideal for parents and caregivers to
provide age-appropriate and nutritious food, which expose infants to a range of tastes and flavours.
Despite the significant impact nutrition has on the immediate and future health status of infants, accurate
assessment of dietary intake during these formative years is a challenging task and, therefore, the intake

of complementary foods among New Zealand infants is not well understood.

2.3. Nutrition during infancy — Breastfeeding

Breastmilk is a dynamic fluid which adapts to the changing requirements of infants as they grow (Kunz
etal., 1999). It provides the optimal combination of macronutrients, micronutrients and digestive enzymes
for sustained growth, as well as microbial and antibacterial components which help to establish the
immune system (Martin et al., 2016; Robinson, 2015). Breastmilk has early protective effects against
common childhood infections (Lamberti et al., 2011), as well as the long-term protective role against the
development of non-communicable diseases (NCD), including obesity, type 2 diabetes and cardiovascular
disease (Kelishadi & Farajian, 2014). Global recommendations for infants state that exclusive
breastfeeding until six months of age ensures infants are provided with all the required nutrients for
growth, development and protection (WHO, 2003b), with continued breastfeeding up to two years of age
alongside the introduction of complementary foods. The New Zealand Ministry of Health Food and
Nutrition Guidelines for Healthy Infants and Toddlers align with these global recommendations (MOH,
2008). However, the NZ Health survey from 2019/2020 indicated only 49.9% of mothers exclusively
breastfed their infant beyond four months old and only 7.6% continued until six months old (Ministry of

Health, 2020).

2.4. Nutrition during infancy — Complementary Feeding

Around six months of age, infants require an additional source of energy and nutrients in their diet, as
breastmilk can no longer provide them with all nutrients required for growth (Abeshu et al., 2016; Faldella
et al., 2003; Male et al., 2001; WHO, 2003b). In New Zealand, it is recommended that complementary
foods be introduced alongside milk feeds (BM/IF) around six months of age to bridge any nutritional gaps

which may occur due to the increasing requirements of growing infants (MOH, 2008). Complementary
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feeding is a period of high vulnerability to nutritional deficiencies due to rapid growth, and associated
nutrition demands and restrictions in energy could affect growth and development (Alexy et al., 1999;
Black et al., 2017). As infants transition from an exclusive diet of breast milk and/or infant formula to
family foods, the nutritional composition of their diet changes from high-fat to a lower fat diet during
childhood, placing a greater emphasis on provision of energy through carbohydrate and protein intake
(Black et al., 2017). In New Zealand, it is recommended that infants between six to twelve months should
consume 51g of carbohydrate from complementary foods (National Health and Medical Research Council

et al., 2006).

In the early stages of complementary feeding, breastmilk is still the most important source of nutrients.
Therefore, the foods provided to infants should be introduced in small amounts after breast/formula
feeding. However, as infants progress beyond eight to nine months, complementary foods make an
increasing contribution to the infant’s requirements and it is encouraged to offer these foods prior to milk
feeds (MOH, 2008). During these first experiences with solid foods, it is recommended that infants are
not exposed to any added sugars, honey or any other sweeteners, as most foods containing these may
ingrain preferences for the sweet tastes these foods provide. The NZ Food and Nutrition guidelines for
Healthy Infants and Toddlers recommend fruit, vegetables, breads and cereals as first foods for infants

(MOH, 2008).

2.5. Carbohydrate recommendations for infants

Carbohydrates are an important nutrient, providing energy for growth and the developing brain (National
Health and Medical Research Council et al., 2016). The types and quality of carbohydrates introduced
during this stage are important. New Zealand has a staged approach for introducing these foods to infants
from six to 12 months; the eight to twelve-month-old stage includes incorporating many foods high in
carbohydrates, such as porridge, wheat biscuits, infant cereals, yoghurt, bread, and soft fruits and

vegetables (MOH, 2008).

Infants are the only population group where an adequate intake (Al) is available for carbohydrates, which
takes into account the lactose content of breastmilk, and then at six months includes the amount required
from complementary foods. The Al for carbohydrates specifically from complementary foods is 51g/day,
a value produced with the carbohydrate content of breastmilk (predominantly lactose) taken into
consideration. Combined they provide a value adequate for aiding in the growth and nutritional demands
of infants between seven to twelve months old (National Health and Medical Research Council et al.,
2016). As solid foods begin to become a larger part of infants’ diets, with breastmilk/IF feeds reducing,

an increasing quantity of carbohydrates will be derived from solid foods.



With regards to sugar-specific recommendations in the infant population, the Food and Nutrition
Guidelines for Healthy Infants and Toddlers recommend against the introduction of any added sugar,
fruit juice, fruit juice concentrates, flavoured milks or soft drinks among this younger age group (MOH,
2008). There are currently no recommendations specific to total sugar intake or contributions of total

sugars to energy requirements.

2.6. Current intake of carbohydrates in infants

Carbohydrates are an important source of energy for infants, and the types and quantities provided, are an
important consideration. Nutrition experts have emphasised the importance of reducing sugar intake
during infancy (WHO, 2008), however, sugar intake for this age group is not well described in the

literature and consequently adherence to recommendations is difficult to determine.

2.6.1. Sugar intake in infancy

Analysis of infants’ and young children’s diets has raised concerns about types of food provided during
the complementary feeding period (Butte et al., 2010; Chan et al., 2011; Cowin et al., 2007; Siega-Riz et
al., 2010; Webb et al., 2006; Yuan et al., 2017; Zhou et al., 2012). Excessive consumption of energy-
dense and nutrient-poor foods, particularly those high in sugars, has been highlighted as a major concern
(Fox et al., 2004; Siega-Riz et al., 2010). In addition, food group analysis has identified that fruits and
vegetables are not being consumed by infants on a daily basis (Fox et al., 2004; Siega-Riz et al., 2010).

Early introduction of complementary feeding and formula-feeding have been associated with high sugar
intakes in infants (Alexy et al., 1999; Yuan et al., 2017). Yuan et al. (2017) identified that infants (at eight
and twelve months old) were more likely to have a higher intake of added sugars if they had started
complementary feeding earlier than four months of age (OR = 1.4; 95% CI: 0.99, 1.9 for the eight-month-
olds; OR = 1.6; 95% CI: 1.2, 2.2 for the 12-month-olds) and if they consumed commercially-produced
products (OR =3.9; 95% CI: 2.6, 5.8). An earlier analysis in Germany identified greater intakes of added
sugars among formula-fed infants compared to breastfed infants (Alexy et al., 1999). In the formula-fed
group, between 4.8% and 9.4% of total energy intake (among six month old boys and girls, respectively)
was attributed to added sugars, whereas breastfed infants were found to consume no more than 0.1% daily
energy from added sugars despite some infants having started on solid foods (Alexy et al., 1999).
However, these results are not generalisable to the NZ infant population, as the European Commission
allows added sugars (including sucrose, glucose and maltodextrin) to be included in infant formula,
whereas, food regulations in New Zealand do not allow their inclusion (Food Standards Australia NZ

(FSANZ), 2002).



A comprehensive systematic review describes the carbohydrate intakes of children (from birth to ten years
of age) from both complementary and BM/IF (Stephen et al., 2012). The researchers stratified their results
according to how sugars were classified within the included studies (i.e., total sugars, added sugar, non-
milk extrinsic sugars, and specific monosaccharides e.g., sucrose). Results from studies addressing total
sugars indicated 25% to 36.8% of total energy intake was attributed to total sugars among infants 12
months and under (Bialostosky et al., 2002; Conn et al., 2009; Fisher et al., 2008; Gibney et al., 1995;
Hagman et al., 1986; Marriot et al., 2008; Marriot et al., 2009; Mills & Tyler, 1992; Noble et al., 2001).
Although these levels appear significantly elevated (approximately 30% of energy), they include both
added sugars and intrinsic sugars (i.e., those in fruit, vegetables and milk products), the latter of which do
not have set limitations within dietary recommendations. Studies that described only the added sugar
intakes of a similar participant age group, found intakes ranged from 9% to 17% of total daily energy
(Alexy et al., 1999; Andersen et al., 2003). These results, however, do not provide the full extent of sugars
eaten, as they neglect the inclusion of any additional free sugars that could have been consumed from fruit
juice or honey. Similarly, one study which specifically addressed sucrose intake among two to eleven-
month-old infants in the US, found sucrose contributed 14% of daily energy intake (Bialotosky et al.,
2002).

Results from an early UK review, indicated an average NMES consumption contributing to 10.7% of total
daily energy among those under 12 months old (Mills & Tyler, 1992). Older infants in this study (>12
months old) consumed even greater levels, with NMES intakes ranging from 12.3% to 18.7% of total
energy intake. The systematic review comprised studies from a variety of countries, including Britain,
Australia, Germany, Bulgaria, UK, US, Greece, Sweden and Finland. Similar consumption trends of
elevated sugar intakes have also been identified by Ruottinen et al. (2004) in a slightly older group of 13-

month-old infants living in Turku, Finland.

Dietary trends towards high sugar foods tend to continue beyond infancy through to childhood. Lioret et
al. (2013) recorded the dietary habits of infants at eight months old and again at 18 months old. Their
results indicated consumption of sweet energy-dense foods and sugar-sweetened beverages (SSB) had
more than doubled by the time the infants reached 18 months old. The observed increases could partly be
explained by the parallel increase in overall energy intake during the ten months between investigation
periods, however, intake was still considered high when taking energy levels into consideration,
particularly considering the energy-dense, nutrient-poor nature of the foods consumed. These foods are
nonessential for growth, and are likely to displace nutrient-rich foods (Bell et al., 2005). A longitudinal
study in Germany confirmed the sustained relationship between high added sugar intakes from
complementary foods during infancy (particularly from commercially produced foods) and subsequent
increased intake during pre-school years (Foterek et al., 2016). Results from this study indicated the use

of homemade complementary foods, in lieu of commercially produced alternatives, may be one strategy
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to address the early consequences of increased sugar (such as obesity and dental caries), as well as

managing eating behaviours that track into later life.

Within New Zealand, there is a lack of information about sugar intakes specifically from complementary
foods. Metcalf et al. (2007) analysed 24-hour recalls, from one- to four-year-old children, and observed
31% of energy intake was attributed to total sugars. Almost half was attributed to added sugars (12.9% of
total energy intake). The sample size for this group was small, with only 125 children included, although
the range of ethnicities was representative of the ethnic diversity in NZ. The Baby-led introduction to
solids (BLISS) study analysed differences in nutrient intakes between varying complementary feeding
routes (i.e. baby-led weaning versus spoon-feeding) (Erickson et al., 2018). Results indicated added sugars
are being consumed in the first 12 months. Added sugars contributed between 0.6 to 0.7% of total energy
intake at seven months of age and had increased to between 2.8% and 3.5% of total energy intake by 12
months of age, however the results do not provide an indication as to the quantity contributed by
complementary foods alone. While not specifically focused on sugar intake, data on the first foods
provided to NZ infants was collected in the Growing Up in NZ study (Morton et al., 2012). Results
identified that infants had been introduced to a number of carbohydrate-rich foods by the age of nine
months; the most common foods being baby rice, fruit and vegetables. By nine months of age, more than
half of the infants had also been introduced to a range of carbohydrate-containing foods which are outside
the Ministry of Health Food and Nutrition guidelines for Healthy Infants and Toddlers, including lollies,
chocolate, hot chips, and potato chips (MOH, 2008).

2.6.2. Sources of carbohydrate in infants’ diets

A few studies have addressed the dietary sources contributing to these sugar intakes of infants. A
comprehensive survey of 488 British infants, conducted by Mills and Tyler (1992), indicated that non-
milk extrinsic sugars (NMES) (see Table 1) provided 29% of total sugar intakes for infants aged six to
nine months old, and 41% for those aged nine- to 12-months-old, with the greatest contribution coming
from juice and other sweetened beverages. More recent analysis of the UK National Diet and Nutrition
Survey (NDNS) also indicated roughly one third (31%) of NMES were similarly consumed in the form
of beverages (with 17% from fruit juice and 12% from soft drinks), although this data was collected from
a slightly older group of one-to-three-year-olds (Bates et al., 2010). Erkkola et al. (2009) also indicated
fruit juice to be the largest contributor of added sugars among infants and toddlers in Finland, contributing
roughly one third of daily total sugar intake. Jardi et al. (2019) similarly attributed elevated free sugar
intakes to consumption of sugary drinks, while also identifying sweetened breakfast cereals, biscuits,

chocolate, sugar and honey as major contributors.
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Fruit and vegetable consumption, among complementary fed infants, has also been described in various
largescale surveys in the US. Results from the 2005-2012 American National Health and Nutrition
Examination Survey (NHANES) dataset indicated deep-yellow vegetables were the most commonly
consumed vegetable (consumed by 47.8% of infants between 2005-2008 and 42.0% between 2009-2012),
whereas dark green vegetables were consumed by roughly only 6.3% of the young infants (6.1% between
2005-2008 and 6.6% between 2009-2012) (Miles & Siega-Riz, 2017). Although this research did not
focus on sugar quantities consumed by the infants, the results do indicate a higher consumption of sweeter
vegetables compared to the more bitter-tasting ones, which could influence the development of early
preferences to sweet tastes among this young cohort. These findings support previous consumption
patterns, analysed in the 2008 United States Feeding Infants and Toddlers Study (FITS), which identified
an absence of dark green vegetables (based on the USDA-defined vegetable categories (USDA, 2020))
among the top five consumed vegetables in complementary fed infants (four to 12 months old) (Siega-
Riz et al., 2010). Instead, sweeter vegetables, such as carrots, kumara, squash and peas, were preferred.
To complement these studies, research undertaken by Moding et al. (2018) identified a lack of vegetable
products (particularly the dark green vegetables) available in the US, which could explain the observed
increased intake of sweeter vegetables and fruit products. This research investigated the available infant-
food products in the US and identified that only 9.5% of the vegetable products contained single-
vegetables; the remainder contained a combination of fruits and vegetables, none of which included any
dark green vegetables, peas or beans. Among the available products, fruits were also more commonly
listed as the primary ingredient. This lack of vegetable-only products in the American market may hinder
the accustomisation to, and subsequent acceptance of, darker green vegetables at this early stage in life.
Similar findings in New Zealand have recently been published, highlighting the availability of CACFs in
New Zealand (Padarath et al., 2020). The majority of products in NZ (69.0%) contained ingredients which
impart a sweet flavour, including vegetables such as carrot and sweetcorn in lieu of bitter options, such as
broccoli and spinach. In addition to these findings, more than one third (34.0%) of the CACFs analysed

contained free sugars despite MOH guidelines advising against their consumption.

2.7. Health consequences associated with high sugar intake

Sugar intake has been linked to a number of health concerns, including dental caries development (Armold
et al., 1977; Ruottinen et al., 2004; Sheiham & James, 2015), increased risk of obesity (de Ruyter et al.,
2012), enduring preferences for sweet tastes (Liem & Mennella, 2002; Mennella & Beauchamp, 2002),
and displacement of other nutrients (Alexy et al., 2003; Erkkola et al., 2009; Joyce & Gibney, 2008; Kranz
et al., 2006; Ruottinen et al., 2008). These reasons will be discussed in further detail below.
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2.7.1. Dental caries and sugar intake

Dental caries (defined as the demineralisation of tooth enamel due to acidic by-products of bacterial
metabolism of sugars) (Burt & Pai, 2001; Selwitz et al., 2007, WHO, 2017), has been identified as a
consequence of high sugar intake, particularly in infantile teeth. As an infant’s diet diversifies from an
exclusive milk diet to include a variety of food and drinks, it brings an increased number of potential
cariogenic risks. Dysfunction within the oral cavity will negatively impact health, particularly in early life
when food serves as an important vector for both physical and mental development (Naidoo & Myburgh,
2007; Petersen, 2003). The disease process can begin as early as infancy and persist throughout the life
course (Peres et al., 2019). Recent NZ data indicated 4.5% of children below the age of 14 have
experienced a tooth extraction due to dental decay (MOH, 2019). Additionally, the report showed only
56.1% of NZ children (aged 0-14 years old) recounted brushing their teeth more than once a day with
fluoridated toothpaste. Numerous observational studies have confirmed the impact impairment to
dentition can have on quality of life throughout the life course (Chaffee et al., 2017; Do & Spencer, 2007;
Duangthip et al., 2020; Filstrup et al., 2003; Kramer et al., 2013; Krisdapong et al., 2009; Singh et al.,
2020; WHO, 2017; Wong et al., 2011). Despite being widely recognised as preventable, dental diseases
remain prevalent worldwide, with very few population groups exempt (Pitts et al., 2017). According to
the 2015 Global Burden of Disease study, chronic oral diseases, such as dental caries, affect more than

560 million children globally (Kassebaum et al., 2017).

International research has implicated sugar in the etiology of dental caries (tooth decay) development
(Sheiham & James, 2015); it cannot occur unless teeth are exposed to both dietary carbohydrates
(predominantly free sugars) and cariogenic bacteria (Pitts et al., 2017). Evidence validates how influential
these early years are for future dental health and highlights the importance of establishing healthy eating
behaviours from an early age (Alm et al., 2012; Chaffee et al., 2015; Mattila et al., 2001). An eight-year
cohort study describes this lasting impact of sugar on early life dentition; the risk of developing caries in
permanent teeth was nearly three times greater in children who had experienced caries in their childhood
primary teeth (RR =2.6 (95% CI: 1.4, 4.7, p <0.001), compared to those who were free of caries in early
childhood (Li & Wang, 2002). Comparable longitudinal research from Alm and colleagues (2020)
identified a statistically significant elevated risk of developing dental caries in teenage years when sweet
products (such as soft drinks, fruit, soup, confectionery, ice cream and biscuits) were consumed in the first

three years of life.

Frequency of sugar intake is also a predictor of dental caries development (Grindefjord et al., 1996;
Karjalainen et al., 2001; Mattila et al., 2001; Rodrigues & Sheiham, 2000; Wendt et al., 1996). Matilla et
al. (2001) established a positive dose-response association between frequent intake (classified as daily or

more than once a week) of sweet products in early life and caries development by ten years of age (OR =

13



3.1 (95% CI: 1.5, 6.6, p <0.006)). Certain food textures that are able to adhere to teeth for longer periods,
i.e., sticky foods compared with liquid sugars, may pose more cariogenic risks. Repeated episodes of sugar
consumption may provide cariogenic bacteria on the teeth with a continual substrate for acid-production,

therefore, causing degradation of dental enamel.

Researchers within New Zealand recently investigated the relationship between dietary intake and dental
caries progression among 4111 infants involved in the longitudinal Growing Up in NZ study (Thornley et
al., 2020). Their results indicated an association between dental caries and consumption of foods high in
sugar and unrefined starch, including soft drinks, white bread, fruit juice, congee and noodles. Conversely,
certain vegetables, cheese, and unrefined wheat were negatively associated with dental caries progression.
New Zealand infants are exposed to foods high in sugar from a young age, therefore, there is potential for

this to contribute to the high incidence of dental caries in NZ children.

Dental caries in young infants is often the result of a combination of cariogenic determinants, including
the interplay of social, biological and behavioural factors within a family, not just the intake of sugar-
containing products (Bener et al., 2013; Wendt et al., 1996). Despite dental caries having this multi-
factorial nature, a common recommendation presented in the literature is the importance of reducing infant
exposure to free sugars (alongside positive dental behaviours, such as regular toothbrushing) to reduce the

prevalence of caries in later life.

2.7.2. Obesity in infancy

Inadequate dietary intake in early childhood contributes to serious health complications that have
historically presented in older adults, such as obesity (Klesges et al., 1995), which is a risk factor for many
non-communicable diseases, such as type 2 diabetes, cardiovascular disease, gout and fatty liver disease
(Andreyeva et al., 2011; Escobar et al., 2013; Ni Mhurchu et al., 2014; Wilson & Hogan, 2017). The most
recent data from the 2019/2020 New Zealand Health Survey indicates 29.6% of children, under the age
of 15, are classified as either obese or overweight; these weight indicator values have remained unchanged
over the last 10 years (MOH, 2020). Early intervention may be a fundamental preventative strategy for
obesity, as early eating habits have been indicated as strong predictors of food preferences and eating
behaviors in later life (Caballero, 2001). The sugar content of the diet is consistently a subject of much
debate where obesity is concerned, given its potential to impact on excess energy intake, leading to storage

as fat.
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2.7.2.1. Rapid weight gain in infancy

Infancy is a critical period in life where nutrition and growth patterns may have an enduring effect on
weight and metabolism (Koplin et al., 2019; Mennella & Trabulsi, 2012). Rapid weight gain (outside of
expected growth rates) during this critical period is one factor which has been associated with higher Body
Mass Index (BMI) scores during childhood, as well as being linked to an increased risk of obesity in later
adulthood (Eriksson et al., 2003; Parsons et al., 1999; Stettler et al., 2002). Evidence from twin analyses
indicates genetic factors may not influence weight trajectories until later in life, signalling diet and other

environmental factors to be more influential than genetics during the infancy period (Johnson et al., 2014).

Rapid infantile weight gain may independently predict overweight and obesity risk in later childhood and
adulthood, even when controlling for birth weight (Dennison et al., 2006; Eid, 1970; Mellbin & Vuille,
1973; Stettler et al., 2002; Stettler et al., 2003). This link was confirmed by a study in the United States,
which analysed 27,889 children from birth to seven years (Stettler et al., 2002). Results produced by
Stettler et al. (2002) indicated an increased risk of obesity at age seven among the cohort who grew more
rapidly during their first four months of life, compared to those who grew according to their expected
growth trajectories. Results were concordant after adjusting for several confounding factors, including
birth weight and weight at one year of age. Various other studies have since confirmed this link between
rapid weight gain in infants (outside of expected growth trajectories), and higher BMI z-scores and body
fat percentage at six months of age (Gluckman & Hanson, 2008; Karaolis-Danckert et al., 2006; Ong et
al., 2009; Taveras et al., 2009). Systematic reviews have also provided further support for this concept of
accelerated growth in infancy predicting future weight status (Baird et al., 2005; Monteiro & Victora,
2005; Ong & Loos, 2006; Weng et al., 2012), helping highlight the important role of managing growth

trajectories from an early age.

The literature has not confirmed the influence specific dietary factors have on this observed rapid weight
gain in infancy, therefore, it is hard to ascertain how certain foods or nutrients (i.e. sugars and sweet foods)

contribute to obesity, or whether overall energy surplus is a more pertinent factor.

2.7.2.2. Current evidence on carbohydrate intake and adiposity

The importance of managing weight from an early age has been addressed extensively in many cohort
studies, however, confirmation of the link between carbohydrate consumption in infancy and adiposity is
scarce. The literature which has addressed this association is inconsistent. The DONALD (Dortmund
Nutritional and Anthropometric Longitudinally Designed) study indicated a positive correlation between
consumption of added sugars during the second year of life and BMI z-score in participants, whereas, an
elevated sugar intake in the first year was contrastingly linked to a lower BMI-score in later childhood (at

seven years of age) among participants (Herbst et al., 2011). A meta-analysis of randomised controlled
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trials, conducted by Te Morenga et al. (2013), also indicates a positive association between intakes of
sugars (free, added and sugary beverages) and subsequent body weight in both adults and children. Within
this meta-analysis, studies focusing on weight outcomes in children identified a link between excess
consumption of sugars from sugar-sweetened beverages and many non-communicable diseases, including
hypertension, dyslipidaemia, and insulin resistance, whereas, a comparable meta-analysis, conducted by
Forshee et al. (2009), projected an association which neared zero. Te Morenga et al. (2013) hypothesise
this observed weight gain may be explained by differences in energy intakes among the participants,
instead of differences in sugar intakes. In instances where energy was kept consistent among participants
in the reviewed studies, iso-energetic exchanges of sugars for other macronutrients did not lead to any

significant differences in weight among participants, supporting the researchers’ postulations.

Research undertaken in Mexico assessed the link between infant feeding practices at intervals during the
first six months and adiposity indicators at 12 months in a group of 106 infants and found a significant
relationship between early introduction of added sugars (prior to four months old) and higher waist
circumferences at 12 months old (Rodriguez-Cano et al., 2020). Longitudinal research has also
investigated this relationship, analysing free sugar intake and weight of infants throughout regular
intervals during their first two and a half years (Jardi et al., 2019). These researchers identified nearly half
of their participants (40.4%) were consumers of free sugars by 12 months of age, with consumption rates
significantly higher in children who were classed as having excess weight (based on expected BMI z-
scores). In addition, high body fat at 30 months of age was associated with high consumption of free
sugars at 12 months of age. This research from Jardi et al. (2019) indicates elevated intakes of free sugars
impact on both immediate and future weight. However, Maunder et al. (2015) produced conflicting results
when investigating added sugar intakes among a slightly older group of one-to-eight-year-old children
living in South Africa. Their results, also from 24-hour recall analysis, found no association between
obesity and added sugar intake in the one-to-three-year-old group. A Korean-based study further
investigated the effect of different types of sugars (i.e. total sugars compared with those in specific food
groups, such as sugars in fruit, milk and sugar sweetened beverages) on adiposity risk (Hur et al., 2016),
and similarly failed to identify a significant association between total sugar intake and elevated adiposity
at 4 years of age. Their results instead indicated a statistically significant association between high intake
of sugars from fruit and lower BMI z-scores, even when adjusting for fibre content, indicating the potential
adipose-sparing effect from fruit. Proposed mechanisms behind this protective effect of fruit are centred
around characteristics common in all fruits; they are a low energy-density food that is rich in water,
vitamins, minerals and dietary fibre. These components, particularly fibre, help promote satiety, therefore,
may modulate any subsequent consumption of additional energy-dense foods (Yao & Roberts, 2001). It
is also believed that fibre may have functions in reducing the absorptive function of the gut, lessening the
quantity of sugar available for adipose tissue storage (Elia & Cummings, 2007; Wisker & Feldheim,
1990). After adjusting for fibre intake, the direction and significance of the results produced by Hur et al.

16



(2016) remained consistent. These results further highlight the importance of continuing to encourage
consumption of specific foods within the guidelines (i.e. number of servings of fruit and vegetables per

day), instead of focusing on nutrients.

2.7.2.3. Sugar sweetened beverages and adiposity in infants

Sugar from sugar-sweetened beverages (SSBs) have a more definitive effect on the adiposity risk in
infants than sugar from solid foods. Sugar-sweetened beverages are defined as non-alcoholic beverages
with added caloric sweeteners, including carbonated soft-drinks, juice drinks, sports drinks and flavoured
milks (Stacey et al., 2019; WHO, 2016b). Sugar in liquid form does not elicit the same satiety response
as that from solid foods (Vartanian et al., 2007), therefore, there is a lack of compensatory reduction in
dietary intake after their consumption (DiMeglio & Mattes, 2000; Lustig et al., 2012; Mourao et al., 2007;
Ni Mhurchu et al., 2014; Sundborn et al., 2014) which can lead to an energy imbalance and subsequent
storage as fat in the body (Libuda & Kersting, 2009).

The Ministry of Health recommends against introducing of sugar-sweetened beverages in the Food and
Nutrition Guidelines for Healthy Infants and Toddlers (MOH, 2008). Associational evidence from the
Infant Feeding Practices study indicates intake of SSBs during infancy is linked to higher BMI values
throughout childhood and adolescence (Pan et al., 2014); the risk of obesity in later childhood was 71%
greater in children who had consumed any amount of SSBs during infancy compared to those who had
not been exposed to them. The associated risk was even more pronounced (92% greater risk) in children
who had been introduced to SSB before the age of six months (OR = 1.92 (95% CI: 1.01, 3.66). A similar
association was observed in a later Spanish study which analysed children who had been introduced to
SSB during infancy (Cantoral et al., 2015). Participants were separated into tertiles based on their levels
of SSB consumption during their first five years of life. A positive dose-response association was observed
between SSB consumption and weight status; children with the highest cumulative SSB consumption had
a three-fold increased likelihood of being obese in their later child years, compared to the lowest SSB
consumers. Sonneville et al. (2015) also observed a similar positive dose-response association between
juice intakes and BMI scores; a greater juice intake in infancy was associated with an elevated BMI z-
score in later childhood. Although global infant feeding guidelines advise against introduction SSBs in
the first year of life (and ideally longer), a recent study from Australia indicated that almost half the
mothers (42.7% of the 934 participants) provided SSBs to their infants in their first year (Irvine et al.,

2020), indicating non-adherence to global guidelines.

Excess energy may be more influential on weight status than sugar on its own. However, the importance
of establishing health-promoting dietary behaviours in early infancy, including restricting free sugars, has

been widely promoted as a means of minimising the risk of obesity development.
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2.7.3. Taste preference development

Flavour learning begins in utero; the amniotic environment exposes infants to flavours from foods
consumed by their mother (Mennella et al., 1995). These early prenatal exposures have been shown to
heighten an infant’s preference for those same flavours after birth (Hepper, 1988; Schaal et al., 2000;
Spahn et al., 2019). Inborn preferences are often considered responsible for cementing early acceptance
of flavours, however, early life experiences and repeated exposures during complementary feeding may
be foundational for future acceptance of foods (Birch and Doub, 2014; Coulthard et al., 2010; Foterek et
al., 2016; Johnson & Hayes, 2017; Mennella, 2014; Saveedra et al., 2013; Skinner et al., 2002a; Ventura
& Mennella, 2011; Ventura & Worobey, 2013), and may track through childhood and persist into
adulthood (Kelder et al., 1994; Lytle et al., 2000; Mennella & Beauchamp, 2010), indicating the benefit
of intervening from an early age. Therefore, the first steps in transitioning onto solids foods from milk
feeding (either breast milk or formula feeding) should expose infants to a varied diet, with foods which
allow them opportunities to develop preferences for a wide variety of nutritious and health-supporting

foods (Chambers et al., 2016; MOH, 2008).

Infancy is a critical time in the establishment of taste preferences, as infants are readily accepting of new
flavours. Preferences continue to develop throughout the lifetime through exposure and experiential
learning (Mennella et al., 2016a; Schwartz et al., 2011), however, receptiveness to new tastes is greatest
in infancy; fewer exposures are required to create tolerance to certain flavours and to ingrain preferences
for them (Birch et al., 1998; Caton et al., 2014; Coulthard et al., 2014; Harris, 2008; Mennella et al., 2011).
This indicates that the early experiences with food, i.e. during the complementary feeding period, provide
parents with a unique chance to familiarize their infants with a diverse range of foods, not just those with
sweet tastes (Schwartz et al., 2009). Nutrient-rich foods, which are low in sugars, should be provided early
during infancy as it becomes increasingly difficult to enhance acceptance of flavours beyond the toddler
years (Cook et al., 2004; Nicklaus et al., 2005; Skinner et al., 2002a; Skinner et al., 2002b; Wardle et al.,

2003a; Wardle et al., 2003b) and, therefore, variation in the diet can easily become restricted past infancy.

Taste preferences have an important role in establishing healthy eating habits from an early age. Infants
have an innate preference for sweet tastes, which makes it easy for parents to feed them sweeter varieties
of fruit and vegetables as their first foods (such as kumara, corn, pumpkin, apple, banana, pear) and
inherently more difficult to incorporate bitter tasting vegetables and tart fruits. While infants are receptive
to all tastes at this early age, they will instinctively reject these bitter flavors (Mennella, 2007; Schwartz
et al., 2009; Steiner, 1977; Steiner et al., 2001), unless learned through experience, or when combined
with previously accepted flavours that mask the bitterness (Hayes & Johnson, 2017; Keast & Breslin,
2003; Mennella, 2014; Moding et al., 2018). A consequence of this is that parents may choose to begin

18



feeding only these sweeter foods to their infant, due to the positive response they elicit (Lange et al.,

2013).

The evidence indicating early taste preferences are influential on foods preferences throughout the life
course is well-established through observational and experimental studies (Beauchamp & Mennella,
2009; Lioret et al., 2013; Mikkila et al., 2005; Singer et al., 1995). Flavour learning continues to evolve
beyond the pre-natal environment, with research undertaken on children with Phenylketonuria (PKU) (a
disease characterised by an inborn enzyme deficiency) identifying a period of sensitivity in infancy, where
the palatability of non-preferred flavours, such as highly bitter components, can evolve (Owada et al.,
2000). From diagnosis of PKU (generally a few days after birth), infants are put on a dietary regimen,
which contains an extremely bitter-tasting hydrolysate formula (hydrolysed casein formula which has had
phenylalanine removed). Flavour testing among PKU and non-PKU individuals (aged 19-22 years),
conducted by Owada et al. (2000), showed participants with PKU were more likely to accept bitter-tasting
formulae over ones identified as more palatable (generic cow’s milk formula), compared to their healthy
(non-PKU) counterparts. These early life experiences with the characteristically bitter formula imbue a
preference for the bitter tastes which lasts beyond childhood. More recently, experimental data has
demonstrated an analogous association through the use of a combination of bitter vegetables at the start
of complementary feeding and subsequent acceptance of these foods in early childhood (Maier et al.,
2008), however much of the available research has follow up periods which do not tend to extend beyond
seven years, so it is difficult to ascertain whether this acceptance tracks through to adolescence and adult

life.

There is general consensus within the literature that complementary feeding is the perfect time to introduce
bitter vegetables and tarter fruits, in lieu of sweeter tasting foods (including fruits and vegetables which
are sweeter in taste), in order to effectively capitalize on infant receptivity to eating foods foreign to them
(Ahern et al., 2013) and reduce the risk of children resisting these foods later on in life (Chambers et al.,
2016). Various Public Health Organisations have implied the potential benefits of lowering the overall
sweetness of infant foods by reducing the total sugar content (Pan American Health Organisation, 2016;
WHO, 2016a). While non-intrinsic sugars are generally thought to pose the most risk to health, intrinsic
sugars (i.e., those from fruits, vegetables and milk products) still contribute to the overall sweetness profile

of foods.

2.8. Summary

Guidelines on feeding infants acknowledge the important role of nutrition in aiding growth and
development of infants, setting up their taste preferences and influencing their future health status.
Carbohydrates are an important source of energy for infants during this period of rapid growth, however,

the types of carbohydrates being consumed can have differing impacts on health. Assessment of
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carbohydrate and sugar intake from complementary and the food sources provided during this
complementary feeding period is essential for determining whether current practices in New Zealand
align with our Food and Nutrition Guidelines for Healthy Infants and Toddlers or whether there is a

need for further intervention to increase compliance to these recommendations.
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Chapter 3: Research Manuscript: Consumption of sugar during
complementary feeding: an observational study describing total sugar
intake and food sources of sugar among nine- to eleven-month-old infants
in Aotearoa New Zealand

3.1 Abstract

Background: Complementary foods form a large component of an infant’s diet. Many complementary
foods are high in sugar. A high sugar intake in infancy has been associated with increased rates of dental
caries, increased risk of obesity, and predisposition to sweet tastes later in life. Few studies have
described the sugar intake from complementary foods consumed by New Zealand infants, or analysed
sources contributing to these.

Aim: To investigate the quantity of total sugars obtained from complementary foods and beverages and
the food sources contributing to these in the diets of nine- to eleven-month-old infants living in
Aotearoa-New-Zealand.

Methods: A cross-sectional study design was used. Four-day weighed food records (4dWFR) were
completed on non-consecutive days by the parents of 95 infants (aged between nine and eleven months)
across New Zealand. Descriptive analyses were carried out to determine the energy intake, nutrient
intakes (including carbohydrates, total sugars, % energy from sugar) and the food and beverage groups
contributing to sugar intakes in the infants.

Results: The mean + SD daily total sugar intake from complementary foods was 23.8 + 13.7g which
contributed to 22.0% of the total energy intake derived from complementary foods among infants (range
7.0 to 55.0%). Infants consumed sugars from seven food groups (vegetables, fruits, breads and cereals,
commercial infant products, dairy and dairy-free alternatives, meat and meat-substitutes, and
discretionary foods and beverages. The majority of sugar was contributed by fruits (46.2 £ 20.1%) and
vegetables (14.6 £ 13.4%), in particular those of the sweeter variety (bananas, apples, pears, kumara,
carrots and pumpkin). Sixty percent of infants consumed sugar from commercial infant products which
tend to be fruit based; these contributed to 19.1 £ 20.6% of the infants’ total sugar intake from
complementary foods.

Conclusion: Fruits, vegetables and commercially-available complementary foods are the greatest
contributors to total sugars from foods consumed by NZ infants, and are predominantly those that impart
an overall sweet taste, rather than vegetables which would expose infants to a more bitter taste experience.
Manufacturers of infant foods should be encouraged to reformulate commercially-available
complementary foods available in New Zealand to shift towards the use of more vegetable and savoury

products, rather than fruit-based and sweet foods.

Keywords: infant, complementary feeding, sugar intake, food sources
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3.2 Introduction

Early nutrition plays an essential role in helping infants grow, learn, and develop during the first 1000
days of life (from conception through to 24 months of age), and serves as a foundation for their health
status throughout life (Alles et al., 2014; Darling et al., 2020; Finn et al., 2018; Koletzko et al., 2012;
WHO, 2003a). Complementary feeding is initiated around six months and is a period where infants are
gradually introduced to solid foods alongside their usual milk feeds (breast milk and/or formula). This
transition period helps infants adapt to family foods and bridges any nutritional gaps caused by disparities
between nutrients available in breastmilk and the requirements of growing infants (Alvisi et al., 2015;
Cowbrough, 2010; Dewey, 2003; MOH, 2008; WHO, 2003a). In New Zealand, the Ministry of Health
recommends exclusive breastfeeding for the first 6 months of life, around which time complementary
foods should be introduced to infants alongside continued milk feeding up to two years of age (MOH,
2008). Ensuring adequate energy intake from a variety of nutrient dense foods at this stage is vital for
growth.

In New Zealand, the Food and Nutrition Guidelines for Healthy Infants and Toddlers recommend
providing infants with a wide variety of foods from the five main food groups (fruits, vegetables, grains,
dairy/dairy-free alternatives and meat/meat-substitutes) (MOH, 2008). The guidelines discourage
introduction of foods and beverages with free sugars on the premise that they do not provide any
nutritional benefit (other than energy) and may cause infants to become accustomed to their sweet taste
(Dewey, 2003; MOH, 2008; Padarath et al., 2020).

Infants eating patterns globally are trending towards high intakes of energy-dense foods and
beverages during complementary feeding, specifically those with high added sugars (Butte et al., 2010;
Chan et al., 2011; Cowin et al., 2007; Siega-Riz et al., 2010; Webb et al., 2006; Yuan et al., 2017; Zhou
et al., 2012), accompanied by intakes of fruits and vegetables that fall below the recommended daily
servings (Fox et al., 2004; Fox et al., 2006; Siega-Riz et al., 2010). Where vegetables are consumed,
infants tend to have more of an affinity to the sweeter deep-yellow and orange varieties (including carrots,
pumpkin and kumara) compared to the more bitter-tastes from dark-green vegetables (American
Guidelines Group, 2020; Miles & Siega-Riz, 2017; Siega-Riz, 2010). These eating patterns are reflected
in the infant food products available in the US and NZ food markets; there is a lack of vegetable-only
commercial infant products (particularly the dark green vegetables) available in the food market, with
most products containing a combination of sweet fruit and vegetable varieties (Miles & Siega-Riz, 2017;
Siega-Riz, 2010; Padarath et al., 2020). Among the products available in the US and NZ markets, fruits
are also more commonly listed as the primary ingredient. The Growing Up in NZ study indicated a large
proportion of NZ infants (60.0%) are being fed these commercially-available complementary foods
(CACFs) daily as they progress into toddlerhood (Thornley et al., 2020). In a study investigating the
nutritional aspects of commercial infant foods available in NZ, over one third (34.0%) of the CACFs

contained free sugars (Padarath et al., 2020), despite MOH Food and Nutrition Guidelines for Healthy
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Infants and Toddlers advocating against this (MOH, 2008). The majority of products (69.0%) also
contained fruit or vegetables ingredients which impart a sweet flavour, rather than green leafy vegetables
which would expose infants to a more bitter taste experience.

There are concerns around the dietary patterns of NZ infants during complementary feeding,
with particular concern around sugar intake. Limitations on free sugars (defined as all sugars which have
been added to foods/beverages during processing and manufacturing, as well as those found naturally
in syrups, honey, fruit juice and fruit juice concentrates (Cummings & Stephen, 2007; WHO, 2015)
during infancy are recommended for a number of reasons. Intake of sugar during infancy has been linked
to an increased risk of obesity in both childhood and later life (de Ruyter et al., 2012) and can also create
enduring preferences for the sweet tastes that sugar provides (Liem & Mennella, 2002; Mennella &
Beauchamp, 2002). High and frequent intake of free sugars during this early sensitive period of life have
also been implicated as an etiological factor in the development of dental caries, one of the most prevalent
diseases worldwide (Alm et al., 2012; Li & Wang, 2002; Mattila et al., 2001; Mejare et al., 2001; Skeie
et al., 2006; Vanderas et al., 2004; Karjalainen et al., 2001; Kassenbaum et al., 2017; Rodrigues &
Sheiham, 2000; Ruottinen et al., 2004; Sheiham and James, 2015).

There is limited research in New Zealand describing sugar intake during the complementary
feeding period and foods contributing to these intakes. Given the effect early exposure to sugar may have
on future food choices and health outcomes, this research was undertaken to describe total sugar intake
from complementary foods consumed by New Zealand infants and to identify food sources contributing

to these intakes.

3.3 Methods

Study Design

This manuscript reports a secondary analysis of data from a 2018 study which collected four-day
weighed food records (4dWFR) from infants aged nine to eleven months in order to validate a
complementary food frequency questionnaire. Ninety-five parent-infant dyads were recruited
throughout New Zealand between 2016 to 2018. Participants were able to complete all aspects of the
study at home and were supported through email and phone calls throughout the duration of the study.
The methods are fully described elsewhere (Judd et al., 2020). Below is a description relevant to this
analysis of total sugar intake from complementary foods in infants, with further detail about dietary

data collection provided in Appendix A.

Study population and recruitment

From the original dataset, all 95 participants had completed the 4dWFR and were included in this
secondary analysis. Participants were parent-infant dyads from across New Zealand, including a parent,

or primary caregiver, and their nine to eleven-month-old infant. Participants were recruited using a
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convenience sampling method, which used posters in early childcare centres, newsletters, and
advertisements on social media (Facebook and Twitter). Everyone who registered their interest in the
study received a detailed information pack about the study via email, including an information sheet, a
consent form, and an online questionnaire (through Survey Monkey). If preferred, participants were
posted a hard copy of the information pack in the mail. Participants were excluded if their infant had
been previously diagnosed with any illness or taken any medication that could impact their growth or
dietary intake, or if they were born preterm (gestational age <37 weeks). This study was conducted by
researchers from the Department of Sport, Exercise and Nutrition, Massey University. The research
was ethically approved by the Massey University Human Ethics Committee, Southern A, Application
NORI15/061. All parents/caregivers provided informed written consent for participation in the study

(including consent on behalf of their infant).

Demographic data collection
Parents/caregivers completed an online questionnaire (through Survey Monkey). Data was collected on
the age and weight of the infant, ethnicity, length of gestation in weeks, the age the infant started

complementary feeding, current breastfeeding status, and parity.

Dietary data collection

Parents/caregivers completed a 4dWFR of foods eaten by their infant across non-consecutive days
(midnight to midnight) over a two week period, including one weekend day. Parents/caregivers were
provided with a set of Tablefair® dietary scales, all calibrated to within one gram, as well as written
instructions detailing how to complete the food record and how to work the dietary scales, with
examples of how to weigh and record foods (See Appendix C for 4dWFR templates). Participants were
encouraged to choose recording days where they would be with their infant all day (i.e. days where
their infant was not in childcare or with relatives). The importance of maintaining the infants’ normal
dietary intake throughout the duration of the study, was also stressed to the parents and caregivers. The

completed 4dWFRs were then emailed, or posted, back to the main researcher.

Assessment of dietary intake

® Software (version

The information collected from the food records was then entered into FoodWorks
9, 2018, Xyris Software, Queensland, Australia) by two student dietitians, and pulled through into the
latest version for analysis (version 10, 2020, Xyris Software, Queensland, Australia). Three infants were
receiving a prebiotic supplement which was not included in this analysis as it did not impact on total
sugar intake. FoodWorks® is a nutrition software programme which uses the New Zealand Food
Composition database to allow for a detailed analysis of dietary intake. The New Zealand Diet and
Recipe Analysis (FOODfiles database) version was chosen, which provided a range of nutrient values

for food products available in New Zealand (The New Zealand Institute of Plant & Food Research
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Limited, 2017). Where required, foods were inputted into FoodWork® as a new recipe. Similarly, the

nutrition information panel was used to create new food products not located in the FoodWorks® NZ
Food composition database. If micronutrients were not included on the nutrition information panel of
these products, the most comparable food was selected from the Australian or other NZ food databases.
Energy and macronutrient intakes (carbohydrates, fat, protein, total sugar, and dietary fibre) were
reported as mean = SD for the participants. These nutrients were described in grams, kilojoules and as
a percentage of energy intake. The sugars were then converted to kilojoules and calculated as a

percentage of energy intake for each individual, to compare to guideline references.

Food products and beverages were categorised into one of the following seven groups; ‘dairy/dairy-free
alternatives’, ‘fruits’, ‘vegetables’, ‘discretionary foods and beverages’, ‘commercial infant foods,
‘breads and cereals’, ‘meat/meat-substitutes, to determine the groups contributing significantly to sugar
intake. Fruits and vegetables that were within commercial products were categorised under ‘commercial
infant products’, separately from the fruit and vegetable groups. Fruit and vegetables found in infant
products were excluded from the individual fruit and vegetable groups and included in the commercial
infant products group. In this study, the discretionary foods and beverages group contained highly
processed foods and those high in sugar, fat and sodium, for example, potato chips, fruit juices, and

home baking.

Statistical analysis

All statistical analyses were carried out using SPSS® statistical software package (IBM SPSS Statistics
Version 26). Descriptive statistics (participant characteristics, energy and macronutrient intakes
(including total sugar), and percentages of foods contributing to total sugar intakes) were defined using
frequencies and percentages for categorical data. All continuous variables were presented as means,
standard deviation and ranges. Continuous data was treated as normal, based on the central limit
theorem, which states that a sample greater than 30 is sufficient for making the assumption that the data

approximates a normal distribution (Kwak & Kim, 2017).

3.4 Results

Characteristics of the study participants

The characteristics of the 95 participants in this analysis are outlined in Table 2. The mean = SD age of
infants involved was 9.7 + 1.2 months. Half the population (51.0%) consisted of boys and over three
quarters (82.0%) were of NZ European ethnicity. Overall, nearly three quarters were reported to have
consumed breast milk during the dietary recall (74.0%). The mean + SD age of starting solids was 5.5

+ 0.6 months.
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Table 2
Characteristics of study participants (N = 95)

Characteristics Mean £+ SD N (%)
Age (months) 9.7+1.2
Weight (kg) 88+1.2
Sex of infant 2
Male 45 (51)
Female 43 (49)
Length of gestation (weeks)® 392+ 1.6
Ethnicity of infant®¢
NZ European 70 (82)
Asian 7(8)
Maori 4(5)
Pacific 1(1)
Indian 2(2)
Other 1 (D)
Parity
Primiparous 44 (52)
Multiparous 41 (48)
Currently breastfed
Yes 70 (74)
No 25 (26)
Age infant started solids (months) 5.5+0.6

Milk or solids provided first at meal times
Milk 28 (30)

Solids 67 (70)

2 Data available for 88 participants
® Data available for 85 participants
¢ Ethnicity is parents self-selected main ethnicity (other = unspecified)

Dietary analysis of complementary foods

i Macronutrient analysis of complementary food and beverage intake (energy, carbohydrate,
total sugar, fat, protein and dietary fibre)

The mean + SD energy and macronutrient intakes (in grams (g), kilojoules (kJ), and their percentage
contributions to energy intake (%E CF)) from complementary foods are presented in Table 3. The mean
+ SD daily energy intake of the 95 infants from complementary foods, was 1842.8 + 701.7kJ; just over
half of this energy intake (52.0%) was attributed to carbohydrate intake, 28.6% from fat, and 17.4%

from protein.

Adequate intake (Al) values are available for carbohydrates (51.0g/day), fat (5.7g/day) and protein
(7.1g/day) intakes from complementary foods (National Health and Medical Research Council et al.,
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2006) (see Table 3). The mean intake of carbohydrates from complementary foods was 56.5 + 27.5g,
the mean intake of protein was 18.7 £ 8.0g and the mean intake of fat was 14.2 = 7.2g. The mean = SD
daily sugar intake from complementary foods was 23.8 = 13.7g, which contributed to 22.0% of total
energy from complementary foods (range 7.0 — 55.0%).

A number of infants consumed discretionary foods and beverages that do not align with MOH Food
and Nutrition Guidelines for Healthy Infants and Toddlers (MOH, 2008), including biscuits (consumed
by 12% of infants), table sugar (19%), juice (10%), chocolate (5%) and lollies (1%).

Table 3

Mean intake of energy and macronutrients (carbohydrates, protein, fat, sugar, and dietary fibre) from
complementary foods and beverages (%E CF)

Nutrients N Mean = SD Range Al (from CF)
Minimum Maximum

Energy (kJ) 95 1842.8 +701.7 417.9 3489.4 -
Carbohydrate (g) 95 56.5+27.5 9.6 148.9 51.0
Carbohydrate (kJ) 95 960.4 + 468.1 163.2 2531.3 -
Carbohydrate (%E CF) 95 52.0+13 20.0 92.0 -
Total sugar (g) 95 23.8+13.7 4.4 67.2 -
Total sugar (kJ) 95 405.0 +233.7 74.8 1142.4 -
Total sugar (%E CF) ® 95 22.0+9.0 7.0 55.0 -
Dietary fibre (g) 95 84+£37 1.4 21 -
Total fat (g) 95 142+72 0.9 40.6 5.7

SFA (g) 95 57+32 0.2 15.6 -

PUFA (g) 95 1.9+0.9 0.4 0.5 -

MUFA (g) 95 52+33 0.1 27.1 -
Fat (kJ) 95 525.8 £266.5 333 1502.2 -
Fat (%ECF) 95 28.6+10.3 5.6 355.6 -
Protein (g) 95 18.7+8.0 2.1 38.2 7.1
Protein (kJ) 95 318.0+136.3 35.7 649.4 -
Protein (%E CF) 95 17.4+4.7 44 44.6 -

Note: Al, Adequate Intake

& AT’s sourced from Nutrient Reference Values for Australia and New Zealand (National Health and Medical Research

Council et al., 2006).

b Total sugar = sucrose, fructose, maltose, lactose, galactose (all intrinsic and free sugars)

¢ Data available for 88 participants

ii. Contribution of food and beverage sources to sugar intake

The sixty-six different foods and beverages recorded in the participants 4dWFRs were categorised into
seven main groups, as presented in Table 4 and Supplementary table 1 (in Appendix B), which also

show the number of participating infants (N, %) who consumed each of these foods. Outlined in Table
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4 and Supplementary table 1 (in Appendix B) is the the mean contribution, alongside ranges
(minimum and maximum), of each group and individual food/beverage to the infants’ total sugar intakes
from complementary foods.

Each of the seven food groups were consumed by more than three quarters (75%) of the
participating infants. Vegetables were the most commonly consumed food group, with almost all of
parents reporting their infant’s consumption of these in their food records (99%), followed by fruits
(98% of participating infants), and breads and cereals (consumed by 96% of infants). Seventy seven
percent of infants were also consumers of commercially available complementary foods (CACFs).

Fruits contributed 45.2 + 21.0% to the infants’ total sugar intakes from complementary foods.
The three highest sources of total sugars among the fruit group were bananas, which contributed to
nearly one fifth (18.5 = 15.0%) of the total sugar intake from complementary foods, apples (6.6 +
12.2%), and pears (4.5 = 7.0%). Vegetables contributed to 14.9 = 13.9% of the infants’ total sugar
intakes from complementary foods. Carrots, kumara and pumpkin were the three most commonly
consumed vegetables, all eaten by over half of the infants (73%, 56%, 54%, respectively). These three
also contributed the greatest amount of total sugar within the vegetables group (3.3 £4.3%, 3.7+ 5.5%
and 2.7 £+ 4.8%, respectively).

In this cohort, the majority of infants (77%) consumed CACFs, which contributed to 14.7 +
13.9% of the infants’ total sugar intakes from complementary foods. In one infant, these foods

contributed 85.2% of the total daily sugar from complementary foods.

Table 4
Mean contribution of food and beverage sources to total sugar intake from complementary food intakes®

Food groups and foods* N (total %)® Percentage contribution to sugars from
complementary foods

Mean® + SD Minimum Maximum
Fruit 93 (98) 45.2 £21.0 4.4 82.3
Bananas 82 (86) 18.5+15.0 0.1 57.4
Apples 51(54) 6.6+12.2 0.4 76.9
Pears 46 (48) 45+7.0 0.1 27.1
Mandarin 45 (47) 41+6.2 0.3 259
Kiwifruit 31 (33) 26+4.7 1.3 18.3
Vegetables 94 (99) 14.9 +13.9 0.1 73.0
Kumara 53 (56) 3.7+£55 0.6 233
Carrots 69 (73) 33+43 0.13 28.1
Pumpkin 51(54) 2.7+4.8 0.14 32.5
Beans/peas 44 (46) 12+1.8 0.02 9.8
Tomatoes 40 (42) 0.8+14 0.1 6.5
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Commercial infant foods 73 (77) 14.7 +£19.8 0.2 85.2

Puree/pouch products 57 (60) 12.3£19.0 0.1 85.1
Infant cereals (incl. baby rice) 22 (23) 1.5+5.1 0.1 36.9
Infant biscuits/crackers 45 (47) 1.0+£2.7 0.1 23.5
Dairy/dairy-free alternatives 80 (84) 9.7+9.9 0.03 37.6
Yoghurt 57 (60) 57+7.8 0.1 37.6
Milk 52 (55) 3.0+54 0.04 25
Dairy-free alternatives 13 (14) 09+44 0.03 354
Cheese 16 (17) 0.1+04 0.04 34
Cream and butter 22 (23) 0.02+0.1 0.01 0.6
Discretionary foods and beverages 75 (79) 8.3+10.1 0.2 36.1
Dried fruit 27 (28) 20+4.4 0.4 28.5
Custard/mouse 11 (12) 1.1+£34 2.0 20.1
Muesli bars 11 (12) 1.1+42 23 28.4
Sugar 18 (19) 0.8+3.2 0.2 23.51
Cakes/pastries 16 (17) 0.7+4.38 0.1 46.1
Breads and cereals 91 (96) 5.6 £ 6.7 0.2 36.1
Bread 87 (92) 2.8+3.2 0.2 18.1
Cereals 54 (57) 1.7+43 0.1 33.6
Pasta 31 (33) 05+1.8 0.04 12.1
Crackers 36 (38) 05+1.6 0.02 10.8
Rice 18 (19) 0.1+0.3 0.02 3.1
Meat/meat-substitutes 71 (74) 0.9 1.3 0.02 6.8
Nuts, seeds and nut butters 13 (14) 02+0.7 0.01 5.2
Legumes/plant-based meat substitutes 22 (23) 0.2+0.6 0.1 4.5
Meat (Beef, chicken, lamb, pork) 22 (23) 02+0.5 0.1 33
Eggs 30 (32) 0.2+0.3 0.02 1.5
Fish 18 (19) 0.1+0.2 0.03 1.1

*The table outlines the five foods within each food group contributing the most to total sugar intake — the full list
of foods consumed can be found in the full table in Appendix B — Supplementary Results.

b Total percentage is calculated based on the total number of infants (N = 95).

¢ Mean percentage contribution to energy from complementary foods is calculated taking into account all 95
infants in the study, not just those infants who consumed the specific food.

d Categorisation of food group is outlined in the methods.

3.5 Discussion

This study reports the total sugar intakes of nine to eleven-month-old infants in Aotearoa-New Zealand
as they transition from milk feeds (BM and/or IF) to family foods. The study specifically investigates
total sugar intakes from complementary foods and highlights the food sources contributing to sugar

intake.
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The intake of total carbohydrates from complementary foods ranged between 9.6g/day to
148.9g/day among infants, with intakes from almost half the infants exceeding the adequate intake (Al)
of 51g, as stipulated in the Nutrient Reference Values for Australia and New Zealand (NRV) (National
Health and Medical Research Council et al., 2006). The mean total sugar intake from complementary
foods consumed by infants in this study was 23.8 £ 13.7g/day, which contributed an average of 22.0%
of the daily energy from complementary foods. This aligns with previously described intakes, which
indicated around 25% to 36.8% of daily energy intake from complementary foods is attributed to sugar
in infants 12 months and under (Bialostosky et al., 2002; Conn et al., 2009; Fisher et al., 2008; Gibney et
al., 1995; Hagman et al., 1986; Marriot et al., 2008; Marriot et al., 2009; Mills and Tyler, 1992; Noble &
Emmett, 2001). While carbohydrates are an important source of energy for growing infants, high intakes
from complementary foods above the Al, could lead to excess energy intake among these infants and
subsequent storage as fat. Alternatively, they could displace other important nutrients needed by a
growing infant (i.e. fats and protein).

Over half the infants had been exposed to a wide range of foods by the age of 9-11 months, an
important concept for increasing their acceptance of a variety of foods. These results are consistent with
those from the Growing Up in NZ study, which also indicated NZ infants had been introduced to a number
of food options by the age of nine months; the most common foods being baby rice, fruit and vegetables
(Morton et al., 2012). The Growing Up In NZ study also identified that more than half of the infants were
exposed to lollies, chocolate, hot chips, and potato chips at some stage by nine months old. These are all
foods which are not recommended during the complementary feeding stage, due to their low nutritive
value. In this study only a small number of infants in this study were exposed to these foods (no more than
5% of infants consumed these foods during the time of dietary analysis). Differences in these findings
could be attributed to the population group; the Growing Up in NZ study was a representative study
population, while this small sample of infants was a convenience sample. The parents and caregivers in
this study were a volunteer group who may have been more interested in health and, therefore may have
been more aware of the foods provided to their infants.

The majority of the infants in this study appeared to be consuming their sugars from intrinsic
sources, such as fruit and vegetables, however, some did consume products identified in the Growing Up
in NZ study, for example, sugar, biscuits, juice, chocolate, honey, and confectionary (consumed by 19%,
12%, 10%, 5%, 2%, 1%, and of infants, respectively) (See Appendix B: Supplementary Table 1). While
these foods were not high contributors to the total sugar intake of complementary foods consumed by
the infants (contributing no more than 2.1% in total), their presence is of concern as these foods are not
recommended in this age group, due to their high quantities of free sugars and subsequent impact on
dental caries and obesity (Ruottinen et al., 2004; Alm et al., 2012). The infants in this study
predominantly adhered to MOH recommendations advising against consumption of sugar-sweetened
beverages, except for juice which was consumed by nine participants (See Appendix B: Supplementary

Table 1). Overseas, in similar aged participant groups, SSBs (with a predominant focus on carbonated
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drinks) were the most abundant source of added sugars in the infants’ diets (Jardi et al., 2019; Mills &
Tyler, 1992; Bates et al., 2010; Erkkola et al., 2009). While it is a positive finding that infants in this
present study were not consuming carbonated drinks, the consumption of discretionary foods and
beverages, such as fruit juice, by the infants in this study is of concern due to their link with adverse
health outcome (WHO, 2003a; MOH, 2008; Mennella et al., 2014).

Total sugars from CACF products were also analysed. Although CACFs were not the primary
source of total sugars, they were abundant in the food records of infants involved in this study.
Approximately 77% of infants consumed CACFs during the study period, contributing between 0.2%
and 85.2% of the total sugar intake from complementary foods.

A recent study identified that 34.0% of the CACFs available in New Zealand contained free
sugars. Repeated exposure to these CACFs, particularly those with sweet tastes, could enhance infants’
inborn preferences for sweet flavours (Mennella et al., 2014; Mennella et al., 2016b; Rosenstein, &
Oster, 1988; Schwartz et al., 2009). The literature also indicates a consistent relationship between high
added sugar intakes from these commercial infant products and subsequent increased intake during pre-
school years (Foterek et al., 2016).

International research indicates infant eating patterns trending towards high intakes of energy-
dense products, specifically foods high in added sugars and low nutrient content (Butte et al., 2010; Chan
et al., 2011; Cowin et al., 2007; Webb et al., 2006; Yuan et al., 2017; Zhou et al., 2012) accompanied by
intakes of fruits and vegetables that fall below the recommended daily servings (Fox et al., 2004; Fox et
al., 2006; Siega-Riz et al., 2010). Although this cohort is not representative of the NZ population, analyses
from this present study appear to contradict these global findings, with results demonstrating fruit and
vegetables were major contributors to participating infants’ diets, consumed by 98% and 99% of
participants, respectively, which contrasts with results from a USA study which indicated nearly 30% of
participating infants and toddlers did not consume not consume any vegetables within a given day (Siega-
Riz et al., 2010).

Results from this study indicate a large intake of sweeter-tasting vegetable and fruits; the most
commonly consumed fruits and vegetables in this study were bananas, apples, pears, kumara, carrots,
and pumpkin, all of which impart a sweet flavour. These findings may be partially explained by the
availability of CACFs in the New Zealand food market. Padarath et al. (2020) identified nearly three-
quarters of CACFs available in NZ contained ingredients that provided an overall sweet flavour, while
only 8% contained a bitter vegetable, all of which still used sweeter ingredients, such as carrots,
sweetcorn, kumara and pumpkin, to mask more bitter tasting components. Similar trends in the infant-
food market have also been identified across USA, UK, Canada and Germany (Garcia et al., 2016;
Elliot, 2011; Crawley & Westwood, 2017; Moding et al., 2018). Incorporation of these sweeter
ingredients is a technique used by manufacturers to dampen the bitterness of certain vegetables to make
them more palatable (Mennella et al., 2014; Sharafi et al., 2013). Research has indicated a lack of green

vegetables in CACF products in NZ; red and orange sweet vegetables (predominantly carrots, kumara,
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tomatoes, pumpkin and sweetcorn) dominate the CACF market, representing over half of the single-
vegetable products (Padarath et al., 2020). It appears the consumption patterns of infants in this study
may reflect the product availability in NZ; intake of darker green vegetables among infants in this study
was negligible, with less than half the infants exposed to them. These results are concerning as exposure
to the individual flavours of more bitter vegetables during the complementary feeding period, is
important for early flavour learning and reducing rigidity in children’s diets (Barends et al., 2013;
Johnson & Hayes, 2017; Remy et al., 2013; Saavedra et al., 2013; Skinner et al., 2022b). Parents and
caregivers may not be aware that exposure to sweet fruits and vegetables in foods restricts their infant’s
exposure to bitter flavours. The first steps in transitioning onto solids foods from milk feeding (either
breast milk or formula feeding) should expose infants to a variety of tastes, providing them with
opportunities to develop preferences for a wide variety of nutritious and health-supporting foods
(Chambers et al., 2016; MOH, 2008). It could be beneficial for manufacturers of commercial infant
foods to produce more single-vegetable products, and reduce the sweetening of products with fruit-
based ingredients, fruit concentrates and sweet vegetables, to help enable these early flavour learning
opportunities. This recommendation is particularly pertinent to NZ, as results from this study indicated
77% of infants were consuming CACFs at the time of this study, which were contributing 14.7 = 19.8%
to total sugar intake from complementary foods.

This study has several strengths. It describes the total sugar intakes from complementary foods
in NZ infants, and highlights the food sources contributing to these intake levels. The use of the weighed
food records provides a strong level of accuracy in quantifying the small quantities consumed by infants.
The use of weighed records also helps reduce the risk of caregivers forgetting to record their infant’s
foods, as they are expected to record them throughout the day at the time they are eaten, as opposed to
attempting to recall foods at the end of each day. Caregivers were also asked to include one weekend
day, helping to capture the overall eating patterns of the infants. Changes to normal intakes of foods
and beverages consumed by infants when in day care were also taken into consideration, with
parents/caregivers asked to only record on days where they would be able to accurately record their
infants intake (e.g. days where the infants were not in day care nor being looked after by others). The
mean weight of infants (8.8 + 1.2kg) included in this study is also a strength. The recommendations
within the NRVs for carbohydrate, protein and fat intake from complementary foods are based on an
infant with a reference weight of 9kg (National Health and Medical Research Council et al., 2000),
highlighting the justification for using this particular dataset to explore the carbohydrate intakes of NZ
infants from complementary foods.

This study also has some important limitations, with a few relating to the participant sample
and their recruitment. Firstly, the use of a convenience sampling recruitment method means the results
will not be an accurate depiction of the infant population in Aotearoa-New Zealand. It is acknowledged
that the voluntary nature of participants could have led to selection of those who are more health

conscious and, therefore, bias the results to indicate more health-focused intakes. Secondly, the sample
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of 95 participants was small compared to other infant dietary intake studies and its predominant NZ-
European participant base is not an accurate depiction of New Zealand’s multi-ethnic population,
therefore, feeding patterns and food choices may not reflect different ethnic groups within NZ. In future
research, it would be useful to have a more diverse participant group from across all cities in New
Zealand, including more participants of Maori, Pacific, and Asian ethnicity, to help provide results
representative of the multi-ethnic population. It is possible that the high level of participant burden
exerted by the use of a 4dWFR may have resulted in a reporting bias; parents and caregivers were
required to weigh each food given to their infant, which may have swayed them to feed their infant
foods which were easier to weigh during the four recorded days, in lieu of mixed dishes which are more
burdensome to weigh, thus providing an inaccurate picture of the normal foods consumed by
participating infants (Gibson, 2005; Thompson & Byers, 1994). A level of reporting bias may also have
skewed the results in favour of more health promoting outcomes, if parents and caregivers believe the
foods provided to their infants are considered unhealthy or did not align with the MOH guidelines
(Krebs-Smith et al., 2000). The use of an existing dataset, due to COVID-19 limitations, produced one
of the major limitations for this study, in that we were only able to analyse total sugar intakes, instead

of free sugar intakes in food records available to us.

3.6 Conclusion

In conclusion, our analysis of a convenience sample of NZ infants demonstrated the primary source of
sugar in infants diets to be from fruit and vegetables (separate from those in CACFs), predominantly
those of the sweeter-tasting variety, such as bananas, apples, kumara, pumpkin and carrots. CACFs
were not the primary source of total sugars, they were abundant in infants’ diets. This research also
highlighted a number of findings that did not align with the MOH recommendations, with some infants
consuming honey, fruit juice and chocolate before the age of 12 months. A deeper understanding around
the potential impacts of total sugar intakes and minimal exposure to a variety of tastes (bitter and sweet)
on the future health outcomes of infants may be warranted. These insights may also encourage
manufacturers of infant foods to reformulate CACFs in NZ to shift more towards vegetable and savoury
products, rather than fruit-based and sweet foods. Future research should include analysis of free sugar

intake among infants to provide a more complete picture of infantile sugar intakes in New Zealand.
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Chapter 4: Conclusion and Recommendations

4.1 Research outcomes

The aim of this study was to investigate the quantity of total sugars from complementary foods in the
diets of nine to eleven month old infants in Aotearoa-New Zealand and explore the major food sources
contributing to these intake levels. The total sugar intakes of infants in this study aligned with those
previously described in overseas literature. Our analysis of a convenience sample of NZ infants affirms
the primary sources of sugar in infants diets are fruit and vegetables, predominantly those of the
sweeter-tasting variety, such as kumara, pumpkin and carrots, as well as commercial infant products.
The results from this research complement findings from current evidence which describes the
availability of infant-products in the NZ market. This research also highlights a number of findings
which do not align with the MOH Food and Nutrition Guidelines for Healthy Infants and Toddlers, with
infants in this study consuming free sugars in the form of honey, fruit juice and chocolate before the

age of 12 months old, all of which may have future implications to their health.

4.2 Strengths and Limitations

This research has a number of strengths and limitations, including sample size, sample ethnicity,
recruitment method, and reporting bias due to the nature of the chosen dietary assessment method

(4dWFR).
4.2.1 Strengths

This study has several strengths. A high level of accuracy was assured through the use of weighed food
records, as parents were able to accurately quantify the small quantities of food consumed by their
infants. Parents and caregivers were given many instructions (all included in the handouts provided)
which attempted to minimise any changes to the infants normal eating patterns, such as requests to
include one weekend day in the food records, and record on days where the infant was in their care for
the full day. The mean weight of infants in this study provided strong justification for using this
particular dataset to describe the carbohydrate intake of NZ infants. The mean weight (8.8 = 2.2kg) was
comparable to the reference weight that is used within the NRVs for carbohydrate, fat and protein
recommendations from complementary foods, as they are based on an infant with a reference weight of

9kg (National Health and Medical Research Council et al., 2006).

4.2.2 Limitations

The use of a convenience sampling recruitment method meant the results were not an accurate depiction

of the infant population in Aotearoa-New Zealand. The voluntary nature of this sample could have led
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to participation from those who are more health conscious, swaying the results in favour of more health-
focused intakes. This convenience sample of 95 participants was small compared to other infant dietary
analysis studies, with a predominant NZ-European participant base, therefore, it will not accurately
represent New Zealand’s multi-ethnic population. Implications of this are that the feeding patterns and
food choices may differ considerably in ethnicities that are not well-represented in this participant
sample. In future research, it would be useful to have a more diverse participant group from across all
cities in New Zealand, including more participants of Maori, Pacific, and Asian ethnicity, to help
provide results representative of the multi-ethnic population. These results are subject to potential
reporting bias from the possible high level of participant burden exerted by the use of a 4dWFR. While
this helps provide a more accurate picture of infant intakes if completed correctly, asking parents and
caregivers to weigh each food may have swayed them to choose foods which are less burdensome to
weigh, in lieu of mixed dishes they may normally feed their infant, thus providing an inaccurate picture
of the normal foods consumed by participating infants. Similarly, parents and caregivers may have
chosen to give their infants more health-promoting foods during the four recorded days if they believed
believe the foods they regularly provided to their infants were considered unhealthy or did not align

with MOH guidelines.

4.3 Recommendations

Assessing sugar intake in infants is important not only due to their impact on immediate and long term
health concerns, such as dental decay and adiposity (Fidler Mis et al., 2017; Palmer et al., 2010; Wu &
Chen, 2009), but also because early exposure to the sweeter tastes that sugars provide can influence
dietary preferences throughout life, and further impact on later health outcomes (Beauchamp &
Mennella, 2009; Cornwell & McAlister, 2011; Cogswell et al., 2015; Fidler Mis et al., 2017; Lioret et
al., 2013). There is limited research describing the sugar intakes of infants living in Aotearoa-New
Zealand specifically from complementary foods. While this study identifies that consumption of total
sugars is predominantly from sweet-tasting fruits and vegetables, it would be beneficial for further
research to focus on the breakdown of sugars consumed in these foods i.e., total, added and free sugars.
This would address the components of total sugars consumed by infants and whether these are
exceeding global limitations set at less than 10% of energy intake from free sugars. Further research
may also address the long-term effects of total sugars and consumption of sweet-tasting foods on
adverse health outcomes. The implementation of further guidelines and public health messaging that
promotes the intake of more savoury foods during the complementary feeding period, particularly those
from vegetables, and wholegrain breads and cereals may be warranted. This study also highlighted the
widespread use of commercial products in the diets of infants, which is concerning considering current
evidence identifying the high added sugar content of these products and their predominantly sweet taste

(in conjunction with abundant lack of vegetables). In the future, it would be beneficial for infant food
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manufacturers to develop more bitter vegetable and savoury food products, in lieu of the fruit-based
and sweet foods that are dominating the food market, to reduce the total and added sugar content of
infant foods. Further encouragement should be given to parents to use a balance between homemade
and commercial baby products. Additionally, parents and caregivers should be made aware of the
potential implications of sweet-tasting CACFs in NZ and encouraged to incorporate more bitter-tasting

foods in their infant’s diet to facilitate their future acceptance of family foods.
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Appendices

Appendix A: Supplementary Methods
3.5 Dietary data collection

Once signed consent was obtained, and eligibility was confirmed, participants were asked to complete
a 4-day weighed food record (4dWFR) which requested details of all complementary foods eaten by
the infant. Participants received instructions in their information pack on how to complete these

accurately.

Four-day weighed food records

All eligible participants received detailed instructions on how to complete the four-day weighed food
records. If required, they were also provided with a set of Tablefair® white electronic dietary scales.
The dietary scales were accurate to within + one gram. A five-page guide at the beginning of the food
diary provided participants with written instructions detailing how to complete the food record and how
to work the dietary scales, with examples included. All participants received email correspondence after
the first week to help answer any questions or concerns they had. Participants were alerted of foods

which are commonly forgotten or missed, such as oils and sauces.

The parent or primary caregiver were asked to complete the 4dWFR in four non-consecutive recording
days, including one weekend day, within a two-week period. Participants were instructed to record on
days they would be with their infant all day (i.e., days where their infant was not in childcare centres or
with relatives). Each recording day was defined as midnight-to-midnight, in order to incorporate any
later foods consumed at night. For each recording day, participants were asked to record the weights of
all food and drinks that were consumed by their infant. The importance of maintaining the infants’
normal dietary patterns, throughout the duration of the study, was also stressed to the parents and

caregivers.

For homemade food, participants were asked to provide details of all ingredients included in the recipes
and record the weighed amount of each in their food diary, prior to offering the food to the infant.
Participants were then asked to record the total amount consumed by the infant (either in grams or the
proportion of the recipe eaten). Parents were asked to record any brand names of commercially

produced foods eaten, which were then entered into FoodWorks® as a new food.

The completed 4dWFR was then emailed, or posted, back to the main researcher. Each individual record

was checked upon completion to ensure accuracy of the data and account for any missing information.
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Participants were informed that they may be contacted via email, after handing in the diary, to help

provide any further clarification where needed.

3.9 Study Overview

e Four-day weighed food records

e FoodWorks software (Version 10, 2020, Xyrus Software, Queensland, Australia)
*SPSS software (Version 22.0, IBM Corporation, New York, USA)

*Survey Monkey Questionnaire software

e Convenience sampling through advertising on social medica websites (Facebook and Twitter),

*New Zealand

e Participant group: Parents of 9-11 month old infants

e Exclusion criteria: Preterm baby (<37 weeks) and illness or medication which impacts on growth or dietary intake of the infant

v

Study Design

~

¢ Cross-sectional observational study

*Weighed food records of all foods and beverages consumed by infants during a four-day period (including one weekend day).
e Data collected over a two week period.

*Socio-demographic information collected

J

Data
Collection

~

*Food records completed by the parent/primary caregiver for every food/beverage consumed by the infant throughout a day
(midnight to midnight).
#Socio-demographic information collected via online questionnaire (Survey Monkey)

Statistical
Analysis

J
)
¢ Analysis of participant socio-demographic information
¢ Nutritional analysis of nutrients from FoodWorks analysed in SPSS
J
)
e Thesis completion by February 2021
J
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Appendix B: Supplementary Results

Supplementary Table 1

Mean contribution of food and beverage sources to total sugar intake from complementary food intakes?

Food groups and foods® N (total %)" Percentage contribution to energy from
complementary foods
Mean® + SD Minimum Maximum

Fruit 93 (98) 45.2 £21.0 4.4 82.3
Bananas 82 (86) 18.5+15.0 0.1 57.4
Apples 51(54) 6.6+12.2 0.4 76.9
Pears 46 (48) 45+7.0 0.1 27.1
Mandarin 45 (47) 4.1+£6.2 0.3 259
Kiwifruit 31 (33) 26+4.7 1.3 18.3
Berries 34 (36) 1.8+4.5 0.02 323
Grapes 22 (23) 1.6+4.2 1.3 24.0
Oranges 18 (19) 1.4+3.7 0.1 18.8
Pineapple 5(5) 0.5+2.2 6.2 14.6
Feijoa 14 (15) 1.1+3.7 0.3 23.0
Stone Fruits 6 (6) 0.98+4.6 7.6 37.9
Tinned Fruits 10 (11) 0.6+2.6 0.5 20.9
Mango 6 (6) 0.5+2.6 1.3 18.3
Melon 11(12) 04+1.7 0.2 14.5

Vegetables 94 (99) 14.9 £13.9 0.1 73.0
Kumara 53 (56) 3.7+£55 0.6 233
Carrots 69 (73) 33+43 0.13 28.1
Pumpkin 51(54) 2.7+4.38 0.14 32.5
Beans/peas 44 (46) 12+1.8 0.02 9.8
Tomatoes 40 (42) 0.8+14 0.1 6.5
Broccoli and cauliflower 48 (51) 0.8+14 0.1 8.0
Onions 41 (43) 0.7+1.8 0.1 9.8
Frozen vegetables 24 (25) 0.6+1.3 0.03 6.2
Parsnip 9 (10) 03+1.0 0.2 6.7
Sweet Corn 28 (30) 0.5+1.2 0.1 59
Potatoes 48 (51) 03+04 0.02 2.7
Root vegetables 8(8) 02+1.2 0.2 9.8
Cucumber 22 (23) 02+04 0.04 2.6
Cabbage (incl. Brussel sprouts) 7(7) 0.1+£0.6 0.3 4.7
Courgette 9 (10) 0.1+£0.5 0.02 4.7
Capsicum 19 (20) 0.1+03 0.02 1.5
Avocado 18 (19) 0.1+0.3 0.05 22
Silver beet 303 0.02+0.2 0.1 1.7
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Commercial infant foods

Puree/pouch products

Infant cereals (incl. baby rice)

Infant biscuits/crackers
Dairy/dairy-free alternatives

Yoghurt

Milk

Dairy-free alternatives

Cheese

Cream and butter
Discretionary foods and beverages

Dried fruit

Custard/mouse

Muesli bars

Sugar

Cakes/pastries

Jams

Biscuits

Juice

Sauces

Takeaways

Yeast spreads (Vegemite and Marmite)

Chocolate

Honey

Confectionery

Potato chips
Breads and cereals

Bread

Cereals

Pasta

Crackers

Rice

Popcorn
Meat/meat-substitutes

Nuts, seeds and nut butters

Legumes/plant-based meat substitutes

Meat (Beef, chicken, lamb, pork)

Eggs
Fish

73 (77)
57 (60)
22 (23)
45 (47)
80 (84)
57 (60)
52 (55)
13 (14)
16 (17)
22 (23)
75 (79)
27 (28)
11 (12)
11 (12)
18 (19)
16 (17)
11 (12)
11 (12)
9(10)
21(22)
10 (11)
26 (27)
5(5)
2(2)
1(1)
4(4)
91 (96)
87 (92)
54 (57)
31(33)
36 (38)
18 (19)
1(1)
71 (74)
13 (14)
22 (23)
22 (23)
30 (32)
18 (19)

14.7 £ 19.8
12.3+19.0
1.5+5.1
1.0£2.7
9.7+9.9
57+78
3.0+54
09+44
0.1+04
0.02+0.1
8.3+10.1
20+44
1.1+£34
1.1+4.2
0.8+3.2
0.7+4.8
0.6+£2.5
0.6+2.0
04+25
04+1.6
02+1.0
02+04
02+0.2
0.1+£0.7
0.03+0.3
0.03+0.2
5.6 6.7
2.8+32
1.7+4.3
0.5+1.8
05+1.6
0.1+03
0.0+£0.0
0.9 £1.3
02+0.7
0.2 0.6
0.2+0.5
02+03
0.1+£0.2

0.2
0.1
0.1
0.1
0.03
0.1
0.04
0.03
0.04
0.01
0.2
0.4
2.0
2.3
0.2
0.1
0.8
1.5
0.01
0.01
0.2
0.1
1.0
4.0
3.0
0.1
0.2
0.2
0.1
0.04
0.02
0.02
0.1
0.02
0.01
0.1
0.1
0.02
0.03

85.2
85.1
36.9
23.5
37.6
37.6
25.0
354
34
0.6
36.1
28.5
20.1
28.4
23.51
46.1
19.0
10.8
20.5
10.1
7.0
2.4
11.2
5.51
3.0
1.3
36.1
18.1
33.6
12.1
10.8
3.1
0.1
6.8
52
4.5
33
1.5
1.1
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Appendix C: Four-day weighed food record (4dWFR)

Feeding Babies Study

Weighed Food Diary

To be completed by infants’ primary carer(s)

Instructions for completing food diary:

Instructions for using food scales

Weigh EVERYTHING (food and liquids) in gram (g) amounts with weighing scales

Step 1: Turn on the scales

Firstly, set scales up on a flat surface such as kitchen bench.
Push the ON/ZERO key

Ensure the display screen then appears with “0g”

If the unit is in “0z”, change to “g” on the back of the scales

Step 2: Place plate or bowl on scales

Place the EMPTY plate or bowl you intend to serve the food or liquid in  on the scale.
Push the ON/ZERO key
Ensure the display screen then appears with “0Og” with the plate on the scale

Step 3: Weigh the plate or bowl with food (before eating)

Add first food to the scale and record the weight in the “Amount” column.

Push the ON/ZERO key

Ensure the display screen then appears with “0Og” with the plate on the scale and first food
Add second food to the scale and record the weight in the “Amount” column.

Repeat for as needed.

Step 4: Weigh the plate or bowl with leftover food (after eating)

Place the EMPTY plate or bowl you intend to serve the food or liquid in  on the scale.
Push the ON/ZERO key

Ensure the display screen then appears with “Og” with the plate on the scale

Record the weight of the first food left over in the “weight of food leftover column”
Push the ON/ZERO key

Ensure the display screen then appears with “Og” with the plate on the scale

Record weight of second food left over in the “weight of food leftover column”

Repeat as needed.

Step 5: Estimate the leftovers unable to be weighed
For any foods that may have been spilt on the floor, or on the infant estimate as accurately as possible amounts and record in

“leftovers column” (e.g. 2tsp apple puree)

How to estimate amounts of food and drink when you can’t weigh them?

If unable to weigh and estimate the amounts, please record this in the “weight of all meals and snacks”

Household measures — cups, tablespoons and teaspoons. Be specific whether it’s heaped or level.

Date started
|DD||MM||YY|

This diary requires all the foods and fluids your infant consumes to be weighed and recorded on four non-consecutive days, including
one weekend day. E.g. Monday, Wednesday, Friday, Sunday.
Please try not to change what you give your child as a result of keeping a food diary!

Weights marked on packages — weights on packaged foods. E.g. % of a 110g tin of Watties baby food apple and pear puree.

Bread — number and size of the slices. E.g. 1/2 slice homebrand multigrain, toast slice.

Fruit — infants palm size used to estimate portion size. E.g. 4 green grapes, % banana, % granny smith apple.
Takeaway foods — record the amount consumed and the corresponding weight of the food using the weights
commonly consumed takeaway food” pictures provided

KEEP IN MIND: We are not looking for a “HEALTHY” diet, we want to know what your infant eats!

in the pictures of “the
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