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Abstract
Background: Added sugars are associated with dental caries, obesity, hypertension
and other non-communicable diseases (NCD) (1). The most recent estimation of
sugar intakes in New Zealand is the 2008/09 Adult Nutrition Survey (ANS), but in
this survey total sugar intakes were reported whereas added sugars were not
separately estimated. Additionally, the World Health Organisation (WHO)
recommendations are based on free sugars, a term that relates to added sugars plus
sugars from honey, syrups, fruit juices and fruit juice concentrates (2-4).
Objective: To determine the current added and free sugar intakes and the main food
sources of these sugars in 15-18 year old New Zealand females (n=145).
Design: Nation-wide cross-sectional, observational study using clustered data, in
which 145 participants were enrolled. The first twenty-four hour (24h) dietary recall
was completed by 132 participants and 113 participants completed the second 24h
dietary recall.
Methods: The Survey of nutrition, dietary assessment and lifestyle (SuNDiAL) has
been designed to compare the nutritional status, dietary habits, health status, and
attitudes and motivations for food choices of adolescent women. English speaking,
15-18 year old non-pregnant females were recruited from eight different secondary
schools in seven different locations. Two second year Masters of Dietetics (MDIET)
students were based at each school and responsible for recruitment and collecting
data. Each participant completed an online enrolment questionnaire and a 60 minute
meeting with either MDIET student. In this meeting the first twenty-four hour recall
was completed and anthropometric measurements (height, weight, ulna length)
taken. The second 24h recall was completed via telephone or video-call at least one
week later and on a different day of the week. Data from the two twenty-four hour
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recalls were entered into FoodWorks Software (5) and analysed for total sugar
intake. Added and free sugar intakes were estimated following a systematic method
established by Louie et al (6). Food groups were individually coded using the
individual entries of foods and beverages from FoodWorks (5).
Results: Mean (95% confidence interval) added and free sugar intakes were 100g
(82, 118) and 106g (87, 125), respectively. Added and free sugars represent 11.5%
(9.9, 13,1) and 12.2% (10.5, 12.9) of total energy, respectively. Of total sugar
consumption in this convenience sample, 52% was from added sugar and 48% from
intrinsic sugar. The energy densities of foods containing added sugars were 12.5kJ/g
(11.9, 13.2) compared to 6.9kJ/g (6.5, 7.2) of foods containing intrinsic sugars. The
three food groups contributing the highest percent of added sugars were
sugar/sweets (15%), non-alcoholic beverages (13%) and savoury sauces and
condiments (12%).
Conclusion: Added sugar intakes in this sample are comparable to those estimated
from other national and convenience samples from around the world. A mean intake
of 106g/d representing 12.2% of energy from free sugars exceeds the WHO
recommendation of not more than 10% energy (1). Sugar/sweets were the highest
food group contributing to added and free sugar intake, followed by non-alcoholic
beverages. The identification of savoury sauces and condiments contributing the
third highest amount of added sugars was unexpected. This is not a food group that
has previously presented as one of the highest contributors of added sugars to this
demographic.
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Preface
Marieke Flatt (candidate) conducted this research as part of the SuNDiAL Project in
five-months as part of completing a Masters of Dietetics (MDIET). This thesis was
completed under the academic supervision of primary supervisor Dr. Bernard Venn.
Dr Meredith Peddie and Dr Jill Haszard were the principal investigators.

This thesis presents data from the first half of the SuNDiAL Study. It is part of a full
year study comparing the nutritional status, dietary habits, health status and attitudes
and motivations for food choice of vegetarian and non-vegetarian adolescent
women. As this was the first part of the data set, insufficient data on vegetarians was
available to make the comparisons. Therefore this thesis focuses on added and free
sugar intakes of all participants.

The statistical analysis was completed by the Human Nutrition Department Biostatistician Dr Jill Haszard. Added and free sugar data were estimated from total
sugar data by the candidate and primary supervisor.

Results of this thesis will be presented at the SuNDiAL Symposium on 19th
November 2019 in Dunedin.
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1. Introduction
Added sugars have been at the forefront of public debates for many years as their impact on
obesity and NCD continues to get questioned (7). Worldwide, body weight is increasing
(8), whereas sugar consumption is decreasing (9) arguing against the popular notion that
dietary sugar is one of the major contributing factors to weight gain and other NCD (7).

Many foods contain sugars naturally, for example fruit, some vegetables, milk and honey.
These sugars are intrinsic to the food. Other sugar is added to the food by the cook or by the
manufacturer for many reasons ranging from taste to fermentation (10). Free sugars is a
term used by the WHO to encompass added sugars plus sugars from honey, syrups, fruit
juices and fruit concentrates (1). The sugar most commonly added to food and beverages in
New Zealand is sucrose (2, 11).

Sucrose intake varies across age ranges, with data from the ANS indicating that both
sucrose intake and sugar intake from non-alcoholic beverages is at its highest among people
15-30y, declining thereafter (12).

Adolescents (10-19 years old) represent one sixth of the world’s population (13) and
currently have the highest intake of added sugars worldwide (14). This is a nutritionally
important stage of life and adolescents have particular health needs as this is a time when
the most rapidly changing formative phases of human development occur (15). Adolescents
are seen to be a healthy demographic, yet they suffer from a high burden of disease from
many preventable causes (13). Choices made during adolescence have a big effect on future
health as many serious health problems that occur in adulthood stem from adolescence (15).
Lifestyle and dietary habits change during adolescence as young people become more
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responsible for their decisions. This makes this population more vulnerable to consuming
nutrient poor, energy rich foods that are commonly high in added sugar (16).

Although research has been conducted and is on-going, one conclusion arising from the
evidence is that sugar itself does not cause weight gain and NCD (7). It is the excess
calories from sugar that are not compensated for in the diet that promotes weight gain,
encouraging the development of NCD (7). Sugar is energy dense and may not be
compensated for in the diet, particularly in the liquid form, leading to excess energy
consumption (17).

Sugar sweetened beverages (SSB) fail to be compensated for in the diet (18-20) and are the
leading contributor of added sugars in adolescent females worldwide (21-23). Sugar
sweetened beverages have been shown to cause an increase in blood pressure (24), diabetes
risk and overall weight gain (25). Many countries have introduced a SSB tax with a goal of
reducing intake (26) however, New Zealand has not and does not plan to for the time being
(27).

In 2004, adolescents consumed the highest percentage (20%) of added sugars of total
energy, more than any other age group (14). Median total sugar intakes in women between
the 1997 National Nutrition Survey (28) and the 2008/09 Adult Nutrition Survey decreased
from 99g to 96g (12), following the worldwide trend of a decrease in intakes. Between
2002 and 2006, SSB intake in New Zealand continued to increase where as SSB
consumption decreased in the United States of America and the United Kingdom (29).
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However, evidence linking sugar intake to health issues has focussed on added sugars (and
free sugars) rather that total sugars. The most recent data on dietary sugar intakes in New
Zealand is from the 2008/2009 New Zealand ANS which is ten years old (12). Added or
free sugar intake was not reported in the most recent ANS. However, Kibblewhite et al
have used this data to estimate dietary sugar intakes (30). These estimates predict that for
15-18 year old females, added and free sugar contributed 12.4% and 15.2% of total energy,
respectively (30).

The aim of this thesis is to describe the dietary intake of added and free sugars and the main
food sources of these sugars in 15-18 year old adolescent females in New Zealand. Results
from this thesis will be used to inform public health policy about current adolescent added
and free sugar intakes, whether they are following the WHO guidelines and how to promote
appropriate intakes of added and free sugars.
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2. Literature Review
Literature search methods
Literature was searched using electronic databases Scopus, MedLine Ovid and Google
Scholar. Published studies were identified and assessed for relevance.

Search terms were ‘added sugars’, ‘free sugars’, ‘Sugar intake’, ‘adolescen*’ OR
‘teenager’, female* OR girl*, ‘food’, ‘added sugar*’.

Sugar
Sugars are plant-derived sweet carbohydrates comprising carbon, hydrogen, and oxygen
(10). The term sugar is used to describe carbohydrates that occur naturally or are added to
foods and beverages for their physical, chemical, sensory and biological properties (10, 17,
31). The primary aim of adding sugar is to provide sweetness to foods and beverages but it
is also added for its’ preservation and fermentation properties (10). Sugar provides the same
amount of energy per gram as starch and is used by the human body as an energy source
(17).

Sugar present in the diet is most commonly in the form of sucrose, a disaccharide
comprising of fructose and glucose (17). More than 90% of sweeteners used worldwide are
sucrose (11), which in New Zealand is mainly derived from sugar cane (17). In the United
Kingdom, around half of the sucrose consumed is sourced from imported sugar cane and
around half from locally grown sugar beet (32). Worldwide, between 1992 and 2012, 67%
of the production of sucrose was from cane and 37% from sugar beet (32).
Sucrose, known as ‘table sugar’ is familiar to the public in the form of white, brown and
raw sugar which differ due to different processing techniques (17).
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Although not commonly used in New Zealand, High Fructose Corn Syrup is a liquid
sweetener which in the United States is used in amounts nearly equivalent to sucrose (11).
High Fructose Corn Syrup is a fructose-glucose liquid sweetener that was seen as a suitable
alternative to sucrose due to its stability in acidic systems (11).

Although there are many different types of sugars, for the purpose of this thesis, the focus
will be on added sugars.

History of sugar
Sugar was introduced to the human diet around 10,000 years ago (2). Prior to this, honey
was the primary sweetener and was regarded as a luxury item (33). Sugar derived from
sugar cane was first developed in New Guinea (33) with growth restricted to tropical and
sub-tropical areas (32). Until the 18th century, the sugar produced was only available to
Europe and could only be afforded by the rich (33). Sugar cane growth expanded,
especially into the Caribbean areas in the late 17th Century, and alongside sugar beet
discovery in Europe in 19th century, sugar became readily available to the world’s
population (33).

Definitions of sugar
Different organisations base their definitions on different types of sugars. The WHO
recommendations are for free sugars whereas the Dietary Guidelines Advisory Committee
recommendations are for added sugars (3).
Due to the range of sugars and definitions, it is important to have an understanding of how
they differ so added and free sugars can be identified correctly (Table 2.1) from the food
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sources of adolescent females. Figure 2.1 shows Food Standards Australia New Zealand
summary of sugar categories (17).

Total Sugars

Added sugars
Include all sugars defined as sugars
+ the sugar component of honey,
fruit juice, and fruit juice
concentrates

Intrinsic sugars
Includes natural sugars in
intact vegetables and milk.

Added sugars

Sugars in honey and fruit juice

Includes forms of
dextrose, fructose,
sucrose, lactose, sugar
syrups and fruit syrups.

Includes honey, fruit juice
concentrates and residual fruit
sugar in alcoholic beverages
fermented from fruit

Figure 2.1 Food Standards Australia New Zealand categorisation of sugars.
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Table 2.1 Definitions of types of sugars.
Type of sugar

Definition

Organisation

Simple sugars

Monosaccharides including glucose and fructose (17).

Food Standards Australia New Zealand.

Monosaccharide

Single monomer of carbohydrate in a ring form; glucose, fructose and galactose (34).

World Obesity Foundation, Food Standards Australia

Also referred to as ‘simple sugars’ (17).

New Zealand.

Two monosaccharides bonded together that are broken down into singular

World Obesity Foundation, Food Standards Australia

monosaccharides for digestion (34). For example, sucrose, lactose and maltose (17,

New Zealand, Journal of Nutrition.

Disaccharides

31).
Sucrose

Commonly known as table sugar. This disaccharide is broken down in the body into

Food Standards Australia New Zealand.

glucose and fructose to be used as an energy source (17).
Total sugars

Created for labelling purposes; includes all sugars derived from any source present in

Essentials of Human Nutrition, Advanced Nutrition.

a food, including all monosaccharides and disaccharides other than polyols(2, 3).
Added sugars

Monosaccharides and disaccharides added to foods during processing or preparation.

Advanced Nutrition, Journal of Adolescent Health.

Added sugars does not include any natural sugars except those isolated from a whole
food and concentrated, making sugar the main component such as fruit juice
concentrate (3, 14).
Free sugars

Intrinsic sugars

Natural sugars

Same as added sugars plus sugars that are naturally present in pureed or juiced fruit

Essentials of Human Nutrition, Advanced Nutrition,

and vegetables and sugars naturally present in honey and syrups (2-4).

Public Health Nutrition UK.

Natural sugars that are present in intact fruits, vegetables and milk (17). These occur

Food Standards Australia New Zealand, Essentials of

naturally and are always present with other nutrients (2).

Human Nutrition.

Sugars that occur naturally in the diet such as lactose found in milk and fructose

American Society for Nutritional Sciences.

found in foods (31). Used interchangeably with intrinsic sugars.
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Sugar Sweetened

Drinks with sugar added to them including sports drinks, fruit drinks, energy drinks,

Beverages

fizzy drinks and vitamin waters (35). These are generally high in glucose and fructose

Diabetes Care, Paediatric Obesity.

(34)
High Fructose

Sweetener produced from corn starch containing similar amounts of fructose and

Corn Syrup

glucose (36). Primary sweetener of sugar sweetened beverages in United States of
America (36).

8

Journal of the American College of Cardiology.

Absorption of sugar
Sugars are absorbed as monosaccharides. Sugars are only present in the mouth for a short
period of time hence sugars remain mostly undigested until reaching the small intestine
where absorption occurs. The enzymes glucoamylase, sucrose iso-maltase and lactase are
present on the brush border membrane of the small intestine and are responsible for
breaking down disaccharides into monosaccharides (2). Monosaccharides can then be
absorbed across the enterocytes (2, 34).
Alongside these enzymes are transporters that move the monosaccharides across the
enterocyte (2). Absorption for glucose and galactose relies on Adenosine Triphosphate
which is produced by the sodium-potassium pump, therefore relying on a sodium gradient
within the cell (10, 37). This sodium gradient drives the cotransporter allowing one
molecule of sodium and one molecule of glucose or galactose to cross the enterocyte into
the portal vein by GLUT2 (2, 37).
Fructose is transported into the enterocyte differently to glucose and galactose. A fructose
specific transporter, GLUT5 transports fructose into the enterocyte (38). This transportation
occurs independently of sodium absorption and does not require adenosine triphosphate
hydrolysis (38).
Once absorbed across the enterocytes, the monosaccharides are transported to the liver via
the portal vein (10, 39). The liver takes up fructose and galactose whereas glucose remains
in the blood stream and is delivered to other parts of the body to be used as an energy
source (10). In the liver, a large proportion of fructose is converted into lactate and released
into the portal circulation (38). Galactose and the remaining fructose is converted to
glucose and dependent on the body’s energy needs, glucose gets stored as glycogen or
released into the bloodstream to be used as a source of energy (10).
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Added sugar guidelines
There is no worldwide standardised guideline for added sugar intake with different
countries and organisations setting their guidelines at different amounts. Ordered by year of
publication, Table 2.2 shows the differences in these with a brief reasoning behind them.
The reasonings differ from being the set amount to prevent dental caries to the amount
which avoids micronutrient displacements (40).
International guidelines are set between 5% to 15% of total energy intake (WHO, United
States Dietary Advisory Committee) however, the Institute of Medicine set an upper limit
of intake at 25% of total energy intake (40). The New Zealand Ministry of Health
recommends no specific proportion of total daily energy, providing minimal guidance on
the amount of sugar intake which is appropriate for a healthy diet.
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Table 2.2 Comparison of sugar recommendations.
Author/Organisation

Year

Type of

Recommendation

Evidence for recommendation

Added

25% of calories is the upper limit

Based on preventing micronutrient deficiencies, as foods high in added

sugars

of safe sugar intake (41).

sugars are typically nutrient poor and risk displacing nutrient dense

sugar
Institute of Medicine

2002

foods resulting in a lower micronutrient intake (41).
American Heart

2009

Association

Added

No more than 100 calories per

Based on research investigating the link between excessive consumption

sugars

day of added sugars for women

of added sugars with several metabolic abnormalities, adverse health

and no more than 150 calories

conditions and shortfall of essential nutrients. The amount of added

per day for men (42).

sugars in the American’s daily diet increased 19% between 1970 and
2005 and exceeds discretionary calorie allowances (42).

2017

Added

Recommended that adolescents

Based from scientific evidence concluding a positive relationship

sugars

consume less than 25g/100

between increase added sugars and cardiovascular disease and in

calories of added sugars per day

children (43).

(43).
United States Dietary
Advisory Committee

2010

Added

5-15% total energy from solid

Based on evidence found in Nutrition Evidence Library systematic

sugars

fats and added sugars (44). 120-

review and existing reports showing strong and consistent evidence that

250 calories per day from solid

intake of added sugars are associated with excess body weight in adults

fats and added sugars for girls

and children and increase risk of type 2 diabetes among adults.

aged 14-18 years (45).

Moderate strength evidence showed an association between added
sugars and increase CVD in adults and a relationship between sugar
intake and dental caries within children and adults (45).
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Australia Guidelines/

2013

Australian Government

Added

Limit intake of foods and drinks

Based on reviews investigating the association between sugar and

sugars

containing added sugars such as

disease outcomes. Reviews found that high or frequent consumption of

confectionary, sugar-sweetened

added sugars is associated with increased risk of dental caries (Grade C

soft drinks and cordials, fruit

evidence) and a reduction in sugar consumption prevents increases in

drinks, vitamin waters, energy

measures of body weight and/or body fat (Grade D evidence). No

and sports drinks (46).

association between sugar intake and cancer was found (Grade C
evidence) (47).

World Health

2015

Free sugars

Strong recommendation: Reduce

Based on observational studies (moderate quality evidence)

the intake of free sugars to less

investigating relationship between sugar intakes and dental caries and

than 10% of total energy intake

body weight when sugar intake is less than 10% of total energy intake

(1).

(1).

Conditional recommendation:

Based on ecological studies (very low quality evidence) that observed a

Further reduction of the intake of

positive dose-response relationship between free sugar intakes and

free sugars to below 5% of the

dental caries when free sugar intake is less than 5% of total energy

total energy intake (1).

intake (1).

Added

Choose and/or prepare foods

Based on international evidence reviews, reports and guidelines from

sugars

with little or no added sugar (48).

the following international organisations and countries; American

Organisation

New Zealand
Guidelines/ Ministry of

2015

Health

Dietary Guidelines 2010, Nordic Nutrition Recommendations 2012,
Australian Dietary Guidelines 2013, World Cancer Research Fund
Report and WHO reports (48).
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Sugar intakes of adolescent girls worldwide
There are many variables that need to be accounted for when comparing sugar
intakes in adolescent females around the world (Table 2.3). It must be
acknowledged that when interpreting sugar intakes, the same type of sugar must be
compared (added versus total) and unit of intake compared; percent of total energy
or grams per day.

Table 2.3 Sugar intakes of adolescent females worldwide.
Country

Year

Age of

Type of

Gram per

% total

population

sugar

day

Energy

(y)
New Zealand

2008/2009

per day

15-18

(12)
America (22)

Total

1111

23.91

Sucrose

561

11.61

2009-2012

9-18

Added

Australia

1995-

14-16

Added

76.8(41.8)3

12.8(6.0)3

(23, 49)

2011/2012

Total

140.7(51.9)3

23.5(6.4)3

16-18

Total

173 2

11-18

Added

62.42

>10

Added

>102

Total

11.42

United Kingdom

2014/15-

(21)

2015/16

Brazil (50)

Ireland (51)

2010,11,12

1994

15

Total

16.22

14.42

1184 (89,150)

20
(17,24)4

Greece (52)

2007

Mean 17.5

Total

86.4 +/142.43

1. Median intake
2. Mean intake
3. Mean (SD)
4. Mean (50% confidence interval lower limit and upper limit)

Current added sugar intakes
When comparing current data for adolescent female added sugar intakes, intakes
ranged from 12.8% to 16.2% total energy per day. Currently American nine to
eighteen year olds consume the largest proportion of added sugars (1, 12, 22).
13

Definition and intakes of sugar sweetened beverages
Sugar sweetened beverages are defined as any non-alcoholic liquids that are
sweetened with any form of added sugar (53). These include soft drinks, fruit juice,
cordial, energy drinks, sports drinks such as Powerade, iced tea, mineral water and
tea and coffee beverages with added sugars (12, 14, 21, 35). Breakfast replacement
Up & Go and premade smoothies, although they are beverages with added sugar,
are categorised as dairy products rather than SSB (54). Sugar sweetened beverages
do not include any form of alcoholic drink. These are a separate category labelled
‘alcoholic drinks’ (12).
Sugar sweetened beverages contributed the largest proportion of added sugar in
adolescent female diets in all countries listed in Table 2.4. SSB contribute 27% of
daily total sugar intake for New Zealand adolescent females (12). There is strong
evidence that SSB are the leading contributor of added sugar intake for adolescent
females worldwide.
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Current added sugar consumption
Food sources
Table 2.4 Main food sources contributing to added sugar intake in adolescent
females.
Country

Australia (23).

1

2

3

United Kingdom

United Stated of America

(21).

(22).

Sugar-sweetened

Non-alcoholic

Sugar-sweetened beverages

Beverages (30.9%)

beverages (33%)

(22.8)

Chocolate &

Cereals & Cereal

Sweet bakery products

Confectionary (20.2%)

products (29%)

(16.1)

Cakes, biscuits, pastries

Sugar, preserves and

Other desserts (7.1)

& butter-based products

confectionary (21%)

(15.3%)
4

Ice cream & ice

Biscuits (8%)

Sugars (6.7)

Milk & Milk

Ready-to-eat cereals (6.1)

confection (14.6%)
5

Dairy Products (14.2%)

Products (7%)
1.

Percent contributed as percentage of total added sugar intake (all such values).

2%
2%

Food sources contributing to New Zealand 15-18 year
old female daily total sugar intake.

3%
3%

Non-alcoholic beverages

3%

Fruit
Sugar/sweets

3%

29%

4%

Milk
Cakes & muffins
Dairy products

5%

Biscuits
Bread

5%

Vegetables
Alcoholic beverages

6%

15%

7%

Savoury sauces and condiments
Bread-based dishes
Breakfast cereals

13%

Grains & pasta

Figure 2.2 Food sources contributing to New Zealand adolescent female total sugar
intake.
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Figure 2.2 presents data from the 2008/09 New Zealand Adult Nutrition Survey of
food sources contributing to 15-18 year old females total sugar intake (12).

Different researchers and national surveys categorise food sources of added sugars
differently. Therefore caution must be used when making comparisons between
food sources to ensure similar foods are compared. As listed in Figure 2.2, New
Zealand categorises all dairy products together, whereas the Adult Health Survey in
Australia has a separate category for ‘Ice cream and ice confectionaries’. Examples
of dairy products in the New Zealand ANS providing added sugar to one’s intake
are ice cream, frozen dessert and flavoured yoghurt rather than just plain milk which
contains lactose, a naturally occurring sugar (31, 55). The ANS and United
Kingdom has two separate categories for ‘cakes and muffins’ and ‘biscuits’. When
comparing data from Australia and United States, these foods are grouped together
as ‘cakes, biscuits, pastries & butter-based products’ (23) and ‘sweet bakery
products’ (14). This is similar when comparing intakes from ‘sugars and sweets’ as
listed in the ANS. This category includes chocolate whereas in Australia it is
classified as ‘chocolate and confectionary’ (23). As with the above definition of
SSB, New Zealand has different categories of food sources for added sugar than
other countries. For the purpose of this thesis, the categories of food sources used in
the New Zealand ANS will be used (12). It is crucial that intakes of similar foods
are compared to avoid over- and under-estimating data and to ensure appropriate
comparisons between populations are correct.

Dairy products are the fourth largest contributor of added sugars to New Zealand
adolescent female diets. This is the same in the United States of America (14),
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whereas in Brazil, flavoured milk alone is the second largest contributor of total
sugar to adolescents in their first year of high school (16).

The dietary sources of total sugar in 15-18 year old males and females in New
Zealand follow the same trend, however males have an intake more than 50% less
than females for cakes and muffins (56). Cakes and muffins contributed 2.1% of
total sugars for 15-18 year old males compared to 5.4% for 15-18 year old females
(56). In females this is the third largest contributor whereas for males of this age,
cakes and muffins are sixth (56). Males receive more total sugars from dairy
products, bread based dishes, savoury sauces and condiments and biscuits than from
cakes and muffins, which has an equal intake with breakfast cereals, and alcoholic
beverages (56). Total sugar intake from breakfast cereals for males is higher than
females (2.1% vs 1.7%) whereas females receive 0.7% more total sugars from
alcoholic beverages than males (56).

Trends in added sugar consumption
Food Standards Australia New Zealand stated from 1995 to 2011/12, added sugar
intake decreased in Australian 2-18 year olds from 17% to 13% total energy (17).
This compares to Johnson and Frary witnessing an increase in American added
sugar intake of 23% between 1970 to 1996 (31). It has been found in Brazil and
New Zealand that use of sugar decreased with age and is consumed in greater
quantities by males than females (12, 50). In both Brazil and New Zealand, males
tend to consume more added sugars from SSB than females whereas females
consume more added sugar from confectionery and chocolate (16, 56).
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New Zealand intakes
Data from the 2008/09 New Zealand ANS showed that total sugar intake was
similar between ethnicities in 15-18 year old females (12). Māori had a mean intake
of 111g per day which was lower than Pacific (mean of 114g per day) and New
Zealand European consuming an average of 117g total sugars per day (12).

This survey also showed that total sugar intake did not vary across different
deprivation scores for females of all ages (12). NZDEP quintile one consumed 99g
per day compared with 101g per day in quintile five (12). The quintile with the
highest total sugar intake was quintile three with a slightly increased intake of 108g
per day (12). As no trend was evident, the assumption can be made that deprivation
did not have an effect on total sugar in New Zealand at the time (12).

Health effects of added sugars

Overconsumption of added sugars
Food and beverages containing added sugars contribute to an excessive overall
energy intake, decrease intake of more nutritionally dense foods and provide little
accompanying nutrition of their own (1, 57). Overconsumption of added sugars
contributes to an unhealthy diet, alongside weight gain, dental caries and increased
risk of NCD (1). The effect added sugars have on the body are thought to be
dissimilar for different types of added sugars due to the differences in chemical
structure, physical form and ways they are metabolized by the body as previously
explained (34). It is important to note that in studies where adverse effects of added
sugars are shown, participants’ added sugar consumption was in the 90th percentile
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of population consumption. Limited studies show consumptions of added sugar that
are within healthy eating guidelines, majority of intakes are above
recommendations.

Effect of added sugars on lipids
In 2009, the American Heart Association established that sugar intakes higher than
20% of total daily energy increase triglyceride levels but an unclear effect on
cholesterol remained (58). In 2012, the German Nutrition Society found insufficient
evidence to confirm the effect of increased sugars on cholesterol due to inconsistent
study results (59). A review conducted by Rippe and Angelopoulos agreed with this
confusion as some intervention studies showed an increase effect whereas other
studies showed no effect (60). The studies that showed increases in LDL cholesterol
were mostly studies where added sugar intakes were in the 90th percentile of
population consumption (60). Studies with participant’s added sugar consumption
between the 25th and 95th percentile population consumption did not show any
changes in LDL cholesterol (60). Te Morenga et al clarified this confusion in 2014
with their systematic review and meta-analyses ‘Dietary sugars and cardiometabolic
risk’ (61). This included 37 studies investigating lipid outcomes and different levels
of sugar intake. Each study defined high and low intakes individually. Some studies
classified high intakes as 80g/day and low intakes as 40g/day whereas, other studies
defined high intakes as 46% total energy and low as 9% total energy (61). Overall,
the review showed that high vs low sugar intake increased triglycerides by
0.11mmol/L (95% confidence interval (CI): 0.007, 0.15. P<0.0001) and total
cholesterol by 0.16mmol/L (95% CI: 0.1, 0.24. P<0.0001) (61). Increases in LDL
cholesterol of 0.12mmol/L (95% CI: 0.05-0.19. P=0.0001) and a small increase in
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HDL cholesterol of 0.02mmol/L (95% CI: 0.00,0.03. P=0.03) was also found (61).
These results were independent of body weight and for total, LDL and HDL
cholesterol the effects were only significant in trials with similar calorie intakes. It
has been shown that the expression of transcription factor XBP1 in the liver ,which
is required for de novo fatty acid synthesis, is induced by a high carbohydrate diet
(62).Therefore, a relationship between high sugar intake and lipid levels is
becoming more convincing as more trials are completed.

Effects of added sugars on diabetes
Type 2 Diabetes develops over many years, therefore short term randomised control
trials (RCT) investigating the relationship between added sugars and type 2 diabetes
need to be interpreted carefully (60). The New Zealand Heart Foundation’s review
‘Sugar and the Heart’ states ‘evidence does not suggest an effect of sugars on risk of
type 2 diabetes’ (24). The findings from the Women’s Health Study (WHS)
coincide with this statement as no association between any type of added sugar was
found (63). The WHS ran for eleven years and looked at the effect of sucrose,
glucose, fructose and lactose and no results were statistically significant (63).

A potential association between SSB and type 2 diabetes has been found by many
reviews (24), however it is unclear whether this association is caused directly by
SSB or a variety of mechanisms caused by SSB consumption such as weight gain
(24). Shulze et al predict half the effect of SSB on type 2 diabetes risk shown in the
Nurses Health Study 2 was mediated through weight gain (25). Therefore, it is more
beneficial to focus on risk factors of type 2 diabetes such as obesity and abdominal
weight gain rather than focusing on the direct relationship between added sugars
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and diabetes (60). There is currently insufficient convincing evidence to confirm an
association between added sugar consumption and type 2 diabetes (24).

Effects of added sugar on blood pressure
A 2009 American Heart Association Scientific report concluded that due to
inconsistencies in the results, there are no clear effects of sugar intake on blood
pressure (42). This finding was generally replicated in a 2014 meta-analysis
conducted by Te Morenga et al where no overall convincing evidence of a causal
relationship between high added sugar intake and blood pressure was found (61).
Higher compared with lower sugar intakes, as defined previously, showed an
association was only significant in the three studies that had a duration of longer
than eight weeks (61). Twelve studies in total were included in this meta-analysis.
Subgroup analysis showed no significant difference between iso-caloric and ad
libitum trials (P= 0.0002) (61).

Blood pressure and SSB
A positive relationship between SSB and blood pressure has been found from
observational data including the PREMIER study, Framingham study, National
Health and Nutrition Examination Survey (NHANES) and INTERMAP Study (24).
The Framingham Heart study found an association of 18% greater odds of higher
blood pressure with consumption of more than one SSB per day (64). The
PREMIER study found over an eighteen month period a reduction in SSB of one
serving (355mL) per day was associated with 1.8mmHg reduction in systolic blood
pressure and a 1.1mmHg reduction in diastolic blood pressure (65). Data analysed
from the 1999-2004 NHANES showed consumption of SSB was positively
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associated with serum uric acid and systolic blood pressure (66). An increase in zscore of 0.18 (P= 0.03) for systolic blood pressure was found when comparing high
intake of SSB to zero intake when adjusted for age, race/ethnicity, sex, total calories
and body mass index (BMI) (66). In the adjusted model of serum uric acid,
participants with the highest consumption level (more than 1.04L per day) had a
0.22 mg/dL higher serum uric acid compared to those with zero consumption (95%
CI= 0.08,0.36, P=0.002) (66).

Fructose present in SSB is thought to be the cause of the increase in blood pressure
(66, 67). Fructose is entirely metabolized in the liver, inducing nucleotide
catabolism which increases uric acid production and decreasing nitric oxide (66).
Production of uric acid increases the risk of developing hypertension as it activates
the renin-angiotensin system, shrinking blood vessels and increasing blood pressure
(68).

In conclusion, the effect of added sugars on blood pressure is uncertain due to
limited RCT and inconsistent results (24, 61). More data are required before any
statement can be confidently made that added sugars have a direct effect on blood
pressure. However it is evident that SSB are directly associated with increasing
blood pressure due to the mechanism of fructose ingestion.

Effects of added sugars on obesity
The main reasoning behind the hypothesis that added sugars cause weight gain is
that added sugars are calorie dense. Sugars have the same energy density as protein
(16kJ/g) and less than half the energy content of fats and oils (37kJ/g) (69). Sugar
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contains 17kJ of energy per one gram and due to this energy density, sugars have a
significant effect on total energy intake and are often not compensated for in the diet
(17, 69).

Many RCT looking at the effect of added sugars and obesity suggest that weight
gain only occurred in hypercaloric trials (60). This indicates that it is not specific
properties of added sugars but overall calorie consumption that shows links between
added sugars and obesity as it was the increase in energy intake that lead to weight
gain (17, 60). When Te Morenga et al focused on studies that replaced
carbohydrates or macronutrients with dietary sugars of equal energy in a controlled
energy intake, no change in body weight was observed (70). This shows that it does
not matter what the source is that provides excess energy, if it is not compensated
for in the diet by increased energy expenditure or decreased intake throughout the
day, weight gain will occur (71).

To summarise, it is the effect that over consumption of added sugar has on the body
that leads to increased risk of obesity, rather than a direct relationship between
added sugars and obesity (60). As with other NCD, added sugars must be consumed
in large amounts to increase this risk.

Effects of added sugars on dental caries
Dental caries cannot occur without the presence of dietary sugars (1). Dental caries
occur when sugars are metabolized by bacteria in the mouth, producing acid that
demineralizes the hard tissue of the teeth (1). The WHO conducted a systematic
review on total sugar intake and dental caries across all ages. Seven of the evaluated
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studies showed null findings and two reported at least one negative association
between total sugar intake and dental caries (1). When looking at free sugars, all
studies showed evidence of a positive association between free sugar intake and
dental caries in all ages (1). Several studies included in this review showed higher
prevalence of dental caries with increased intake (less than 10% total energy intake
vs more than 10% total energy intake from added sugars) (1). Any reduction in risk
of dental caries in adolescence is crucial as they are a result from lifelong exposure
to added sugars. It is not clear what specific added sugar causes dental caries as all
have potential to cause dental caries (60).

Health effects of sugar sweetened beverages
As previously stated, these are the highest contributors of added sugars to
adolescent female diets worldwide (Table 2.4). Sugar sweetened beverages contain
a large amount of calories, a large amount of rapidly absorbed carbohydrates (25)
and a review conducted by Pan and Hu (2011) found suggestive evidence that SSB
may affect satiety (72). Beverages are generally not compensated for in daily intake
as subsequent food and energy intake is not affected by consumption (18-20). This
leads to a positive energy balance (18). The Nurses Health Study 2 found that an
increase from one or less SSB per week to one or more SSB per day in women was
associated with a significantly large increase in body weight of 4.69kg between
1991-1995 and 4.20kg between 1995-1999 (25). The Nurses Health Study 2 found
an association between increase in SSB and increase in energy from other forms of
food, also leading to weight gain (25). These women with a higher intake of SSB
had a higher total carbohydrate, sucrose, fructose and overall glycaemic index than
women with a low SSB intake.
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The Nurses Health Study 2 showed an increased relative risk of type two diabetes of
1.32 (95% CI: 1.01,1.73, p:0.4), after adjusting for BMI and caloric intake for
women that increased consumption from one SSB per month to one or more per
day. Sugar sweetened beverages cause a fast and dramatic increase in insulin and
glucose concentrations, therefore with high exposure, an increase of type two
diabetes occurs (25).

Sugar Sweetened Beverages tax
A sugar tax has been enforced in several countries in an attempt to decrease SSB
consumption (73). A sugar tax is a tax or surcharge applied to SSB with a specific
amount of added sugar (73). This increases the price of them with the aim to make
them less available to consumers.
Adding a tax to SSB is an appropriate method to decrease SSB and is a WHO key
recommendation in their ‘Ending Childhood Obesity’ report (74). Current data from
countries with a SSB tax show that this tax has been effective in decreasing sales
and consumption of these beverages (26). Within one year of passing the tax,
Mexico witnessed a decrease of 12% in SSB purchasing (75). New Zealand does
not currently have a SSB tax (73).
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3. Objective Statement
There is currently limited research focusing on the nutritional intake of adolescent
females in New Zealand. The aim of this research was to describe the dietary intake
of added and free sugars and the main food sources of these sugars in 15-18 year old
adolescent females in New Zealand.

The study objectives are:
-Determine the added and free sugar intakes of New Zealand adolescent females
through two 24h recalls and compare to the Ministry of Health Guidelines.
-Determine the main contributors of added sugar to adolescent females diets through
two 24h recalls.
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4. Methods

Study design
The SuNDiAL study is a cross-sectional survey. This study will use observational
clustered data collected from nation-wide participants enrolled in the SuNDiAL
Study. Data will be collected from 15-18 year old female subjects enrolled at
participating Secondary Schools across the country.

The SuNDiAL study runs for two years. However, data on added and free sugar
intake and the main food sources of these sugars analysed and presented in this
thesis represents the first round of data collection (first six months). This data
represents a small amount of data from a larger dataset that is to be completed. The
data for this thesis was collected from eight participating schools in seven
nationwide locations: Tauraroa Area School (Whangarei), Mt Maunganui College
(Tauranga), Spotswood College (New Plymouth), St Catherine’s College
(Wellington), Waimea College (Nelson), Hornby High School (Christchurch),
Columba College (Dunedin), Kaikorai Valley College (Dunedin).

As stated in The SuNDiAL Project Protocol Manual (Appendix A), inclusion
criteria for subjects were aged between 15 and 18 years old and enrolled in one of
the recruited secondary schools. The subject had to self-identify as a female and be
able to speak and understand English. Subjects had to be able to complete the
required online questionnaires, be present in school and have access to a phone.

A subject was excluded if they were aware of pregnancy at the time of the study.
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Ethical approval
This study has been approved by the University of Otago Human Ethics Committee
(Health): H19/004; and is registered with the Australian New Zealand Clinical
Trials Registry: ACTRN12619000290190 (Appendix B).
Māori consultation was undertaken and approved by The Ngāi Tahu Research
Consultation Committee (Appendix C)

Sample size
Convenience samples from secondary schools were taken from student locations at
the time of data collection. Effort was made to recruit schools from a range of
deciles, size and co-educational or single sex schools.
Sample size calculation for total study: Assuming a design effect (for school
clusters) of 1.5 and a prevalence of vegetarianism of 20%, we need n=297 to detect
a difference of 0.5SD (a “moderate” difference) with 80% power to the 5%
significance level. Recruitment will be bounded by time (the 2019 school year) and
participant numbers will be maximised where possible. A greater number of
participants may enable the identification for vegetarian sub-groups (such as
vegans) however as the prevalence of dietary identities is unknown we are unable to
plan for this.

The total number of samples presenting data for this thesis from the first round of
data collection is 145.
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Recruitment
Figure 4.1 shows the process of recruiting participants for SuNDiAL Project. Of
1882 eligible participants, 154 consented to participate and 145 participants
completed enrolment. The loss of these nine participants were unavoidable with
many others only completing parts of data collection.

First contact to 25 out of 97 eligible schools made
by Primary Supervisors via email- November
2018.

Second contact made to access interest in
SuNDiAL- January 2019.

Recruitment successful?
• 3 schools declined.
• 15 schools did not respond.
• 2 schools accepted but no further contact.
• 8 schools consented.

MDIET students organise time to
visit school.

• Recruitment of 1882 eligible participants began.
• Presentation to potential study participants given, link to
online survey provided to 263 participants.
• 154 participants consented to participate.
• 145 participants completed enrolment.

Students book time to revisit school and begin data collection.
• 130 completed anthropometric measure
o 2 missing due to technical issues
• 132 completed the first 24h recall.
• 113 completed the repeat 24h recall
• 19 refused repeat 24h recall.

Figure 4.1. Flowchart of SuNDiAL participant recruitment.
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Data collection
Two Masters of Dietetics students (data collectors) presented in school assembly to
promote the study and encourage enrolment. Parental consent was required for one
school (St Catherine’s College). Subjects were invited to enrol online and fill out
the initial enrolment questionnaire (Appendix D) via web application REDCap,
followed by a questionnaire on dietary habits and a questionnaire on motivators and
attitudes. All subjects were assigned an identification number to ensure
confidentiality and made aware they could resign from the study at any time.

Data collectors returned to school to complete one sixty-minute session with each
enrolled subject. In this session a 24h recall was completed and measurements of
weight, height and ulna length were taken using scales, a stadiometer and a
measuring tape. The four varieties of scales used were Medisana PS 420, Salter
9037 BK3R, Seca Alpha 770 and Soehnle Style Sense Comfort 400. The
stadiometers used to measure height were either Seca 213 or Wedderburn. These
measurements were collected twice to minimise chance of measurement error and
these measurements were not provided to the subjects. BMI z-scores were defined
as +1SD for overweight and +2SD for obesity on the WHO Growth charts for
adolescence (76). If subjects requested these measurements, they were texted to
them later in the day. The second 24h recall was completed via phone or videocall
at least seven days after the initial recall. Effort was made to complete this recall on
a different day of the week to the first recall however, not all days of the week were
equally represented.
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If a student requested to drop out after they consented, they were asked if they
would like all their data withdrawn from the study or if they did not mind leaving
their current data included and drop out from that point in time. If they requested to
withdraw, all of their data was removed from the dataset.

The 24h recalls provided the data on added sugars consumed and the main food
sources of added sugars in adolescent females. These recalls will be the focus of
data collection for this thesis.

Measurement tools
Added sugar intake was estimated using two 24h recalls and the MSM programme
(77). Initial recall was completed in person at the school with either data collector.
Participants were asked to recall everything eaten and drunk from midnight to
midnight the previous day. Props such as measuring spoons and cups, bowls, plates
and plastic beans were used to ensure intake amount was as accurate as possible.
Laminated photos of common foods including pasta, muesli, vegetables, curry and
common bread spreads (Appendix E) were used to increase accuracy when
recording the weights of foods. Participants were prompted to recall details such as
cooking methods and brands of food items.

The 24h recalls were recorded in three stages. The first stage was a quick list of all
foods and fluids consumed in the last 24h. More information was collected in stage
two such as the brand, amount, cooking method, what was added and whether
leftovers or seconds were consumed. The state of the food was obtained such as
frozen, fresh or canned and a recipe was requested for savoury meals or alternative
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baking if available. Alternative baking included foods such as raw slices or black
bean brownie where alternative varieties of sugar, oils or fats were used. Recipes
were not requested for traditional baking recipes. Subjects were asked if specific
foods and fluids were low fat, low sugar, sweetened with an alternative or caffeine
free. The third stage was a check for any further additions of foods and fluids that
were missed in the first two stages.

Data collected in both 24h recalls were entered into FoodWorks, a nutrient analysis
software programme (5) using the New Zealand Food Composition Database.
FoodWorks calculated the energy, micronutrients and macronutrients listed in the
recall. Foods and fluids were selected on their closest match in the database
however, foods and fluids that were not present in the database were entered as a
new recipe. Many common food’s ingredient list and nutritional information panel
were located on the Countdown Supermarket online shopping website (78) or
directly off the packet. The nutrient analysis in FoodWorks was checked against the
Countdown website and other resources to ensure the food was entered correctly.

Quality control was ensured by a moderator checking 100% of the diet records
entered by the class to ensure consistency across all entered data. A final check was
conducted comparing the top and bottom 10% of the sample according to energy,
protein, carbohydrate and fat.

Determination of added and free sugars
The database used could only provide total sugars consumed, not added sugars.
Following the methodology of Louie et al (6) each entry in the data set were

32

manually coded using the 10-step protocol developed. Consisting of six objective
measures and four subjective estimations, these steps were followed to estimate
added sugar content of the individual foods.
To determine the food sources of added and free sugars, food and beverages were
manually assigned into one of 33 food groups. The total amounts of nutrient intake
from each of the 33 food groups were calculated for each participant. The fifteen
food groups with the highest mean intakes for the whole group were then reported.
For each participant, the proportion of their total nutrient intake from each of the 33
food groups were calculated.

Energy density of foods were calculated by dividing the energy of the food (kJ) by
the total weight of the food.

Statistical methods
Dietary intake data were adjusted for usual intake using the Multiple Source Method
(MSM) (77). This estimates the day-to-day variation in nutrient intake using those
participants with two days of diet recall data and applies this information to the
whole dataset to give an adjusted estimate of usual intake for each participant.

Descriptive statistics (mean, median, standard deviation, 95% confidence intervals
and 10th and 90th percentiles) were calculated using Microsoft Excel.

Mean and 95% confidence intervals of these proportions were calculated for the
whole group.
Stata 15.1 (StataCorp, Texas) was used for these calculations.
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5. Results

Demographics
Participant’s demographics at the time of enrolment are presented in Table 5.1. A
total of 145 participants were included in this study. The age range of participants
were 15.04 to 18.4 years (as of 28 March 2019) with 28 fifteen year olds, 54 sixteen
year olds, 60 seventeen year olds and 3 eighteen year olds. Data on weight were
collected from 131 participants and height from 132 participants. Participant’
weights ranged from 38.1kg to 101.8kg, with 4.7% of participants classified as
underweight (<18.5 kg/m2) and 31.3% of participants classified as overweight or
obese (>25 kg/m2) (69). BMI Z-scores ranged from -2.5 to 3.3 and when using BMI
Z-scores, 35% were classified as being overweight or obese (76).
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Table 5.1 Baseline demographic characteristics of participants enrolled in
SuNDiAL.
Participants at baseline (n=145)
Age (y)

16.7 (0.8)1

Height, m2

165.9 (6.6)1

Weight, kg3

65.4 (12.9)1

BMI Z-score3

0.5 (1.0)4

Overweight n (%)5
Yes

45 (34%)6

No

85 (65%)6

Ethnicity
NZEO7

104 (72.2%)3

Asian8

6 (4.2%)

Māori

29 (21.1%)

Pacific9

5 (3.5%)

Unknown

1 (0.7%)

School Decile, (n of participants)

1.
2.
3.
4.
5.
6.
7.
8.
9.

Decile 3 (1 school)

14

Decile 5 (2 schools)

29

Decile 6 (2 schools)

35

Decile 7 (1 school)

21

Decile 8 (1 school)

27

Decile 10 (1 school)

18

Mean (SD).
Data on height recorded for 131 of 145 participants.
Data on weight recorded for 130 of 145 participants.
Median (SD).
Percent of total population.
As defined by WHO Growth Charts (76).
New Zealand European including Ethiopian, Somali, Italian, American, Nicaraguan, Irish,
Afrikaans, Dutch, German, South African.
Asian including Filipino, Japanese, Indian.
Pacific including Tokelau, Fijian, Cook Island, Samoan.

Dietary data
Dietary characteristics presented in Table 5.2 are the average from the two 24h
recalls completed on two separate days. Data is based on 132 diet records; the
records of 18 girls included alcoholic beverages.
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Table 5.2 Dietary characteristics.
Factor

Mean (95% CI)

10th

Median (95% CI)

90th

8066 (7754, 8379)

6002

7833 (7518, 8287)

10653

CHO (%E)1

49 (48, 50)

43

49 (48, 50)

57

Protein (%E)

16 (15, 16)

12

15 (15, 16)

19

Fat (%E)

34 (33, 35)

27

35 (34, 36)

41

3 (0.4, 5)

0

0.8 (0.005, 3)

10

24 (22, 26)

13

22 21, 24)

37

Energy (kJ)

Alcohol (%E)
Fibre (g)
1.

CHO: carbohydrate.

When compared to the acceptable macronutrient distribution ranges (AMDR), diets
of SuNDiAL participants were generally in the lower range of carbohydrate (49%,
AMDR: 45-65%) and protein intakes (16%, AMDR: 15-25%). Diets were at the top
of the range of fat intake (35%, AMDR:20-35%) (79).

Added, free and total sugar intake
Added, free and total sugar intakes are presented in g per day and percentage of total
energy intake in Table 5.3. Total sugar intake ranged from 10g per day to 1019g per
day (from a participant who consumed sweetened alcoholic beverages). The
percentage of daily energy intake ranged from 0.2% to 61.4% (the alcohol
consumer).
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Table 5.3 Sugar intakes.
Mean (95% CI)1

10th

Median (50th)

90th

183 (162, 204)

64

161

312

% total energy

21.5 (19.9, 23.1)

11.2

20.8

31.7

Added Sugar (g)

100 (82, 118)

17

83

182

% total energy

11.5 (9.9, 13.1)

2.8

10.4

20.9

Free Sugar (g)2

106 (87, 125)

22

87

190

% total energy

12.2 (10.5, 12.9)

2.9

10.7

21.5

86 (75, 97)

23

71

160

10.4 (9.3, 11.6)

3.5

9.2

18.3

Total Sugar (g)

Intrinsic Sugar (g)
% total energy
1.
2.

Data provided on 132 participants.
Added sugars plus sugars naturally present in pureed or juiced fruit and vegetables and sugars
naturally present in honey and syrups (2-4).

The mean ratio of added to total sugar was 0.52 (95% CI: 0.47, 0.56). The
percentage contribution to total sugar intake of added and intrinsic sugars are given
in Figure 5.1.

Percentage of total sugar

48%
52%

Figure 5.1 Percentage of total sugar.
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Added sugar
Intrinsic sugar

Energy density
The mean, (95% CI) energy density of foods containing added sugars was 12.5 kJ/g
(11.9, 13.2) compared to the mean energy density of foods containing intrinsic
sugars of 6.9 kJ/g (6.5, 7.2).

Food groups contributing to total sugar intake
The percentage of total sugar intake from the top ten food groups are shown in
Figure 5.2. Explanation of types of foods in food groups is provided in Table 5.6.

Ten top food groups contributing for 79.4%1 to total
sugar in SuNDiAL participants (%)
4.8

4.2

Fruit

20.9

5.3

Sugar/sweets
Milk

5.4

Biscuits
Cakes & muffins

6.1
10.3

Vegetables

Dairy products

6.5
6.8

1.

Non-alcoholic beverages

Snacks sweet

9.1

Bread

Food groups contributing the balance of 20.6% sugar were grains and pasta, breakfast cereals, bread
based dishes, puddings/desserts, cheese, butter and margarine, fats and oils, eggs and egg dishes,
beef and veal, lamb/mutton, pork, poultry, other meat, sausages and processed meats, pies and
pasties, fish/seafood, snack foods, nuts and seeds, soups and stocks, savoury sauces and condiments,
alcoholic beverages, supplements providing energy, potatoes, kumara and taro.

Figure 5.2 Percentage of total sugar contributed from the top ten food groups in
SuNDiAL participants using food group categories from the Adult Nutrition Survey
2008/09.
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Added sugar intake
Added sugars were coded using different categories than the total sugar food groups
which used the same categories as the 2008/09 ANS. Added sugar food groups were
individually coded into different food groups than those used for total sugars which
are presented in Figure 5.2. The top fifteen food groups contributing added sugars
are presented in Table 5.4.
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Table 5.4 Top 15 food group contributors to added sugar.

1.
2.

Food group containing added sugar

Percent of added sugar

1. Sugar/sweets

15.1

2. Non-alcoholic beverages

12.9

3. Savoury sauces and condiments

11.9

4. Biscuits

7.9

5. Snacks

7.4

6. Dairy1

7.3

7. Cakes and muffins

7.1

8. Breakfast cereals

6.7

9. Bread based dishes

6.0

10. Snack bars

5.4

11. Milk (nuts and legumes)

3.6

12. Meal replacement

2.3

13. Nuts and seeds2

2.2

14. Bread

1.8

15. Alcoholic beverages

1.2

Added sugar from the dairy food group coming from foods such as sweetened yoghurts and icecreams.
Added sugar from the nuts and seeds food group coming from peanut butter with sugar added.

A pictorial representation of these data are given in Figure 5.3.
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1%

2%

Top fifteen food groups contributing to 99% added sugar
intake.
sugar/sweets
2%

non-alcoholic beverage

2%

15%

4%

savoury sauces and condiments
biscuits

6%

snacks

dairy

6%
13%

cakes and muffins
breakfast cereals

7%

bread based dishes
snack bars

7%

12%

milk (nuts and legumes)
meal replacement
nuts and seeds

7%
8%

8%

bread
alcoholic beverages

Figure 5.3 Food groups contributing to added sugar intake.

Free sugar intake
Table 5.5 presents food groups contributing to free sugar intakes. These food groups
are added sugars plus sugars from honey, syrups, fruit juices and fruit concentrates.
A 1% increase was seen in contribution from both sugar/sweets and non-alcoholic
beverages. A pictorial representation of these data are given in Figure 5.4.
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Table 5.5 Top 15 food group contributors to free sugar.

1.
2.

Food group containing free sugar

Percent of free sugar

1. Sugar/sweets

16.1

2. Non-alcoholic beverages

13.8

3. Savoury sauces and condiments

11.6

4. Biscuits

7.6

5. Snacks

7.2

6. Dairy1

7.1

7. Cakes and muffins

6.9

8. Breakfast cereals

6.5

9. Bread based dishes

5.9

10. Snack bars

5.2

11. Milk (nuts and legumes)

3.4

12. Meal replacement

2.2

13. Nuts and seeds2

2.2

14. Bread

1.8

15. Alcoholic beverages

1.2

Free sugar from the dairy food group coming from foods such as sweetened yoghurts and ice-creams.
Free sugar from the nuts and seeds food group coming from peanut butter with sugar added.

Top fifteen food contributors contributing to
free sugar intake. sugar/sweets
2%

non-alcoholic beverage

2% 2% 1%

savoury sauces and condiments
biscuits

16%

4%

snacks

5%

dairy

6%

cakes and muffins

14%

breakfast cereals
bread based dishes

7%

snack bars
milk (nuts and legumes)

7%
12%

meal replacement
nuts and seeds

7%

7%

bread

8%

alcoholic beverages

Figure 5.4 Food groups contributing to free sugar intake.
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Table 5.6 Breakdown of food types in the food groups.
Food groups

Food types in food group

Alcoholic beverages

Beer, spirits, wine, liqueur, ready to drink cocktail/vodka base

Biscuits

Sweet: Plain, chocolate coated, cream filled, fruit filled.
Savoury: single or multi grain base- low fat (<5% fat) or
medium and high fat (>5%).

Bread

White bread, wholemeal bread, pita breads, bagels, English
muffins.

Bread based dishes

Sandwiches, burgers, hot dogs, pizza.

Breakfast cereals

Wheat based biscuits, porridge, bran-based cereals, toasted
muesli.

Cakes & muffins

Plain (fruit cakes, chocolate, banana), sponge, slices, cake type
desserts, sweet muffins, savoury muffins, low fat & bran
muffins, doughnuts.

Dairy

Cream, ice cream, yoghurt, dairy based dips.

Fruit

All fresh fruit.

Meal replacement

Protein powder, whey protein, Up & Go liquid breakfast.

Milk (nuts and legumes)

Whole milk, milkshakes, oat milk, almond milk, soy milk.

Non-alcoholic beverages

Tea, coffee, hot drinks (milo, hot chocolate, cereal beverages),
fruit juices, cordials and fruit drinks, soft drinks, sports drinks,
energy drinks, powdered drinks.

Nuts and seed

Peanut butter with added sugar &/or salt, roasted nuts, seeds.

Snack bars

Muesli bar, nut and seed bar, fruit bars, cereal bars.

Snacks

Corn chips, cassava crisp, popcorn, Le snacks, potato sticks

Sugar/sweets

Sugar, syrups, lollies, chocolate & chocolate-based
confectionary, ice blocks, jam, honey, jelly, bliss balls.

Savoury sauces and

Gravies & savoury sauces, spices, additional sauces (e.g sweet

condiments

chilli, Worcestershire, hollandaise), tomato, mayonnaise, aioli,
salad dressings, pickles and chutneys.
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6. Discussion and Conclusion
In this convenience sample of New Zealand school girls aged 15-18y, the mean
daily sugars intake was 182.7g. Of this, 48% was sugars contained naturally in
foods and beverages and 52% was sugars (sucrose) added to foods and beverages.
The mean daily intake of added sugars in this sample was 100g. The total, added
and free sugars intake correspond to 21.5%, 11.5% and 12.2% of dietary energy
intake, respectively.

The three food groups contributing the highest percentage of total sugar intake in
our convenience sample were fruit (20.9%), non-alcoholic beverages (10.3%) and
sugar/sweets (9.1%). For added sugar, the main contributors were sugar/sweets,
non-alcoholic beverages, and savoury sauces and condiments providing 15%, 13%
and 12% of added sugar intake, respectively. Free sugars included all added sugars
and sugars contained in honey, syrups, fruit juices and fruit concentrates. There was
a 1% increase in the percentage of energy from free compared with added sugars,
contributing to the food groups sugar/sweets and non-alcoholic beverages.

In national surveys of 15-18y old New Zealand (carried out in 2008/09) and 16-18y
old Australian adolescent females (carried out in 2011/12), the mean total sugars
intakes were 118g/d and 173g/d, respectively (12, 49). The data from our
convenience sample are consistent with the sugar intakes of Australian female
adolescents sampled between 2011/12 but apparently higher than that of New
Zealand females (183g) when sampled a decade ago (12, 49). The total sugars
intake of our sample is particularly high compared with that of Greek adolescent
schoolgirls whose total sugar intake in 2007 was 86.4g (52).
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For added sugars, our sample intake of 100g per day is high compared to that of
other adolescent females worldwide. National surveys conducted on 11-18y old
United Kingdom (2014-2016), 12-18y old American (2011-2014), and 14-16y old
Australian (1995) adolescent females had mean added sugar intakes ranging from
62 to 85g/day (21-23). Despite a relatively high amount of added sugar, the percent
of total energy provided by added sugar (11.5%) in our convenience sample appears
to be less than that in Australian (12.8%), British (14.4%) and American adolescent
females (20%) (21-23).

There is an apparent discrepancy in that the SuNDiAL compared with NHANES
participants had a high absolute intake of added sugars but a lower proportional
intake when expressed as a percentage of energy intake. An explanation maybe that
the SuNDiAL participants had a higher mean energy intake than the NHANES
participants (80); with a larger energy denominator resulting in a lower percentage
of added sugar.

Compared with the ANS 2008/09 data, fruit intake appears to be higher and sugarsweetened beverage consumption lower in our sample (12). Whether this is a true
reflection of a change in eating habits over time or whether this is an artefact of
differences in sampling, study methodology and representativeness between surveys
are indeterminate.
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Non-alcoholic beverages are the highest contributor of added sugar in adolescent
females in America, Australia and the United Kingdom but are the second highest
contributor in SuNDiAL participants (21-23).

Sugar/sweets contribute the highest percent of total energy intake to SuNDiAL
participants with 15.1% total energy whereas these are second in Australia, third in
United Kingdom and fourth in United States (21-23). Sugar/sweets is a broad
category including foods from chocolate to maple syrup so differences in intake
could reflect differences in food categorization.
Sweet bakery products were the second largest contributor of added sugar to
American 9-18y old females with 9.4% (22). Sweet bakery products were not a
category used in SuNDiAL, however when ‘biscuits’ and ‘cakes and muffins’ were
combined, the SuNDiAL participants receive 14.9% of added sugar from this food
group which would make it the second largest contributor. There was similarity for
breakfast cereals as a source of added sugars between New Zealand 15-18y old
females and 9-18y NHANES female adolescents with 6.7% total energy and 6.1%
total energy, respectively (22).

When free sugar intake of our convenience sample is compared to the WHO
recommendation of ‘reduce the intake of free sugars to less than 10% of total energy
intake (1)’, this intake is 2.2% above recommendations (1). Forty five percent of
participants in the SuNDiAL study met this recommendation and 21.2% met the
conditional recommendation of free sugar intake being below 5% TE (1).

46

The 15-18y old participants in our convenience sample are consuming more total
and added sugars than recommended increasing the risk of adverse health effects.

Although, we cannot follow our study participants over time to investigate effects of
added sugar intakes on dental caries, there is strong evidence of a positive
association between sugar intake and dental decay (1). Cohort studies analysed by
the WHO all reported higher occurrence of dental caries when free sugar intake was
higher than the recommended amount of 10% total energy compared to below the
recommendation (1). If children can adhere to sugar intake recommendations, the
chances of dental caries developing later on in life will be lessened.

A lot of the evidence about the health impact of added sugar focusses on SSB which
are the second largest contributor to added sugar in our convenience sample. Te
Morenga et al found a direct relationship between SSB and body fatness in children
whereas no such relationship was found between added sugar intake and adiposity
in children (70). A positive association between SSB and higher BMI z-score later
in life was also found in an Australian study on 4164 children (81). A possible
explanation for this is that liquid intakes fail to be compensated in the diet, leading
to an increase in overall energy (18-20). Sugar sweetened beverages are some of the
highest contributors to added sugar intake worldwide, therefore strategies developed
to decrease SSB consumption have the potential to be more effective than focussing
purely on added sugar intake (82).

In March 2017, the New Zealand Dental Association launched a new seven action
consensus statement on sugary drinks with the aim of reducing harm caused by SSB
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(83). The New Zealand Heart Foundation offer many services to schools to
encourage work on their approach to nutrition as well as to provide resources for
school canteens and lunch systems (84). Although there are no national guidelines
or laws on school canteens, many schools have taken responsibility to encourage
healthy foods and lifestyles. In the 2016 School Food Environment Review and
Support Tool national study, 13% of secondary schools involved reported being a
milk and/or water only school and 14% of schools reported having a vending
machine on school grounds (85). In 2006, the Victorian Government in Australia
adopted a policy that banned the sale of SSB and confectionary in all public schools
(86). This is something that has not occurred in New Zealand but could be a positive
solution to decrease added sugar intake and obesity.

A sugar tax to decrease added sugar consumption has been implemented in many
countries worldwide (73). A sugar tax is a tax added to foods high in added sugars
or on SSB with the aim to make them less accessible (73). Hungary, France and
Mexico have all experienced decreases in consumption since implementation of the
tax (82). A nation-wide survey completed in New Zealand in 2015 showed that 52%
of New Zealanders support a tax on SSB if the funds collected from it are then used
towards preventing childhood obesity (82). Support has increased from 2014 (44%).
A petition with the support of public health groups was presented to Parliament on
8th August 2017 asking for a sugar tax. The Government has not implemented a
sugar tax at this stage (82).

If a sugar tax was a possibility, the range of food and beverage items affected would
require consideration. It has been found in Australia that the obesity rate is currently
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rising at a time when the consumption of sugar is decreasing, challenging the
common belief that added sugar is linked directly to obesity (87). Sugar is a
carbohydrate with an energy density of 16kJ/g compared with fat which provides
37kJ/g (69). However, sugar makes fat palatable and the combination of fat and
sugar makes foods that have been described as ‘hyperpalatable’(88). It has even
been suggested that the combination of fat and sugar creates an hedonic synergy
making these foods addictive (89). Whereas no association was found between fat
mass index and a dietary pattern that was high in sugar, low in fat and low in energy
density, fat mass was associated with a dietary pattern high in sugar, fat and energy
density (89). This dietary pattern predominantly consisted of a high intake of sugar,
confectionary, cakes, biscuits and sugar-sweetened beverages which were some of
the highest contributors of added sugar in our sample (89). These food groups have
been shown to contribute to some of the highest factor loadings of energy dense
diets (90).

The lack of association between dietary patterns high in sugar and low in fat and
energy density is suggestive that the sugar intake in this SuNDiAL sample may not
be a strong predictor of obesity whereas, the combination of high sugar and fat
intake bring attention to their joint determinant of obesity (89). Public health
interventions focussing on decreasing the consumption of foods in which sugar and
fat have been combined have the potential to be more successful than solely
focussing on one single nutrient. Consumers are more likely to be persuaded to
make decisions based on foods rather than individual nutrients (89).
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Our results from food groups contributing added and free sugar to total energy
highlighted the need to increase awareness of the sugars added to savoury sauces
and condiments. This food group was the third largest contributor to added and free
sugar intake in our convenience sample, only 1% behind non-alcoholic beverages.
There is a lot of awareness around the need to decrease SSB consumption due to
added sugar levels. However, minimal awareness around savoury sauces and
condiments. Savoury sauces have not been apparent in the top five food groups
contributing to added sugars in American, Australian or English adolescent females
(21-23). This is the first time it has been bought to attention. Chance of error whilst
coding added sugars is unlikely as Appannah et al list high energy sauces as the 10th
highest food for factor loading in energy dense 17y old intakes with a factor of 0.2
(90).

Clinical implications
The results from this study confirm that added and free sugar intakes in our
convenience sample were above recommended. The data have also revealed a high
proportion of daily energy contributed by savoury sauces and condiments, an
amount almost equal to that of added and free sugar consumed as SSB. If this
finding is replicated in the larger dataset of the SuNDiAL project, the contribution
of savoury sauces and condiments to added sugar intakes will need to be
disseminated and acted upon. Overall however, our data highlight the need for
strategies that will target sugar reduction in this demographic. Practically, it has
been suggested that schools remove SSB (91).
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Targeting schools is deemed appropriate as a large proportion of 15-18y old females
attend school. School canteens should be encouraged to remove hyperpalatable
foods from their school canteens, as reduction in consumption of these will
consequently reduce sugar consumption. Awareness around healthy food choices
that are low in sugar should be created in classrooms. Inter-class snack competitions
or healthy snack modules in home-economics class would be suitable solutions to
encourage consumption of low sugar foods.

It is time to habituate children to unsweetened drinks and create the same negative
connotation on SSB that there is on smoking. Promotion of water and milk as the
first choice of beverage needs to continue to encourage consumption, alongside
public health initiatives such as the Fonterra Milk for Schools Programme (92).

Choices made during adolescence have the potential to have a large effect on future
health (15). Adolescents are more susceptible to feeling pressure from social media
and their peers for lifestyle choices (15). This reinforces the importance of
understanding the current diets of this demographic and the need to provide support
where possible to ensure healthy habits are adopted.

The main exclusion criteria for participants in the SuNDiAL study was pregnancy.
For the SuNDiAL study, the purpose of assessing dietary intake in this population
was to compare nutritional intake of nutrients to national recommendations and
guidelines. As a pregnant female has higher demands and requirements (93), it was
not appropriate to include their intakes in this data set.
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Strengths and limitations
A strength of this study was the use of 24h recalls, a commonly used method, to
collect dietary information. Twenty-four hour recalls have the ability to obtain
detailed data when using a skilled interviewer (94,). Two 24h recalls were collected
and these were adjusted to obtain usual intake. Twenty-four hour recalls have
minimal participant burden and participants were unaware when the second recalls
would occur, therefore were unable to alter their intake in advance (95). Another
important aspect was the use of published methodology of Louie et al (6) to
estimate added sugar intakes as no appropriate database was available. This is a tenstep decision algorithm to assist in estimating the quantity of added sugars in foods.
An unavoidable limitation of this study was that it was a convenience sample with a
low response rate from Secondary Schools and the 15-18y old girls. A problem of
the use of this sample is that it may be biased and not representative of school decile
or interested girls. As participation was voluntary, girls with an unhealthy
relationship with eating or their weight may not have signed up, therefore there is a
high chance that overweight girls or girls with eating disorders are missing from our
sample.

Conclusion
Added and free sugar intake in a convenience sample of 15-18y old New Zealand
school girls was 100g and 106g per day, respectively. Added and free sugars
contributed to 11.5% and 12.2% of total daily energy, respectively. Percent of daily
energy contributed from free sugars were 2.2% higher than the amount
recommended by the WHO (1).
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The top three food groups contributing to added and free sugar intakes were
sugar/sweets (15% and 16%), non-alcoholic beverages (13% and 14%) and savoury
sauces and condiments (13% and 12%), respectively. Savoury sauces and
condiments are a food group that has not featured as a high contributor of added
sugars previously.
A multi-pronged public health approach may be required to limit consumption of
added sugars including a focus on reducing the intake of SSB and hyperpalatable
foods.
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7. Application of Research to Dietetic Practice
An exciting finding from this research was savoury sauces and condiments were the
third largest food group contributing to added sugar intake in the 15-18y old female
participants. This is something that has not been bought to attention before and
therefore, is fundamental for a dietitian to do so. Possible reasonings for this is the
amount of sauces used and lack of knowledge of the amount of added sugar in this
food group. This finding challenges the common misconception that SSB are one of
the largest contributors of added sugar as SSB contribution was only 1% higher than
that of savoury sauces and condiments. This has highlighted the need to create
awareness of the sugars contained in this food group when I practice as a dietitian.
Savoury sauces and condiments may be contributing large amounts of sugar to
patients diets without them being aware of it. I will also encourage and promote
making your own sauces at home.

When advising future patients that are trying to lose weight, I will ensure that the
patient is aware of hyperpalatable foods and that the combination of high fat and
high sugar in foods largely contributes to weight gain. As common convenient
snack foods are usually hyperpalatable, I will ensure I have plenty of resources on
low fat, low sugar snacks and recipes to encourage consumption.

Through this thesis I hope to focus attention on the detrimental health effects of
SSB, especially on dental caries. I hope this decreases consumption and increases
the awareness of needing to compensate the energy contributed by SSB in the diet
as this seems to be an irregular occurrence.
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Conducting this literature has helped me develop skills of critically analysing and
reviewing literature. This skill is of utmost importance as dietitians follow
evidenced based practice and it is crucial that I stay up to date with evidenced based
literature.

When I reflect on this research project, a standout for me to continue my growth and
development as a dietitian was the range of people and their ages that I got the
opportunity to work with. From our department statistician to the school principal
and the participants of the study, this really helped me develop my skills in relating
to people of all ages. This is something I hope to continue to develop in my working
life following a multidisciplinary team approach. Working with everyone to make
this happen was a sometimes challenging, yet rewarding process and one that I
enjoyed.

Another stand out for me was learning to be accepting of the curve balls research
throws at you and to take one day at a time. From the start where a Secondary
School could not be recruited for us to waiting longer than expected for data that
was then to be updated numerous times, I was taught to be patient and
understanding of things out of my control. This taught me to adapt my plans and be
flexible with what sections I was working on. I am usually a very structured person
and I think this has made me slightly more relaxed, flexible and understanding to
daily mishaps and events.
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Project Summary
The aim of the SuNDiAL project is to compare the nutritional status, dietary habits, health
status, and attitudes and motivations for food choice of vegetarian and non-vegetarian
adolescent women. There are very limited data about dietary intake and lifestyle in this age
group who exhibit increasing interest in adopting vegetarian eating patterns. Three hundred
females aged between 15 and 18 years will be recruited to participate from secondary
schools throughout New Zealand between February and October 2019. Participants will
complete two 24-hour diet recalls to provide an estimate of usual dietary intake, provide a
blood sample for the analysis of biochemical status of key nutrients, wear an accelerometer
for 7 days to provide an estimate of 24-hour activity (sleep, sedentary behaviour and
physical activity) and answer questions about their attitudes and beliefs about the foods
they choose to eat (or not eat). Comparisons of these outcomes will be made between
vegetarians and non-vegetarians using regression models for nutrient intake and status, and
scores from questionnaires about attitudes and beliefs; and fractional multinomial logit
models for 24-hour activity. Results will be used to inform public health policy about
appropriate ways to follow a more plant-based approach to eating without increasing the
risk of deficiency of nutrients such as iron and calcium, or inadvertently increasing
saturated fat or sodium intakes.

2. Background
Vegetarianism (not consuming meat, poultry or fish) appears to be an increasingly popular
eating pattern for many reasons, including the reduced impact on the environment
compared to diets high in animal products (96), and the lower risk of non-communicable
diseases associated with a plant based diet (97). Indeed, vegetarians tend to have a body
mass index (BMI) that is 1-2 kg/m2 lower than their otherwise comparable non-vegetarian
peers, and exhibit less weight gain during adulthood (97). Vegetarians also have a 24%
lower risk of ischemic heart disease and a slightly lower risk of some cancers (97).
However, much of the data used to inform us about the health benefits of vegetarianism
were collected prior to the 1990s (98, 99). It is likely that recent increases in convenient,
commercially produced vegetarian foods and meals, combined with the increased
promotion of the unsubstantiated health benefits of foods such as coconut oil (100), have
resulted in a modern vegetarian diet that is markedly different from that consumed prior to
the 1990s . Therefore, it is imperative to examine the modern vegetarian-eating pattern to
determine whether it continues to offer the health benefits it once did.
Even when a vegetarian is eating a diet that offers cardio-protective benefits, ensuring the
nutritional adequacy of a meatless diet requires thought. The dietary intakes of vegetarians,
and particularly vegans (those who do not consume meat, poultry, fish, dairy or eggs) may
be inadequate for some nutrients including iron, zinc, calcium, vitamin B12, and vitamin D,
which could negatively impact their long-term health. Indeed, the bone mineral content of
vegetarians tends to be ~4% lower than omnivores (97), potentially putting them at higher
risk of fracture and the development of osteoporosis. In addition, the poorer absorption of
iron from a vegetarian diet increases the risk of iron deficiency (101). Just as the modern
vegetarian diet may offer fewer health benefits than it once did, the change in quality of the
diet may also exacerbate or protect against the risk of nutrient deficiencies.
Despite the apparent increasing popularity of vegetarian diets we are currently reliant on
commercial market research to give an indication of the rates of vegetarianism on New
Zealand (102). Surveys conducted in 2011 and 2015 indicate that rates of vegetarianism in
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New Zealanders in those aged 14 to 24 years exhibited the largest increase of any age group
– from 8.6% to 13.3% (102). Adolescent females are often at risk of poor iron status even
when following a diet that includes iron-rich meat. These factors make adolescent females
an important population in which to begin an assessment of vegetarianism in New Zealand,
examining the health correlates of a modern vegetarian diet, while also assessing the
possible risks of nutrient inadequacy and deficiency.

3. Aim of Study
To compare the dietary intakes and habits, nutritional status, health status, motivations,
attitudes, and lifestyles of vegetarian and non-vegetarian adolescent females in New
Zealand.

4. Objectives
To determine an estimate of the prevalence of vegetarian dietary patterns in adolescent
females in New Zealand.
To describe the dietary intake of macronutrients, sugars, fibre, and key micronutrients (iron,
zinc, B12, folate, iodine, fluoride, magnesium, riboflavin, and calcium) in a sample of
adolescent females in New Zealand, and to make comparisons between vegetarians and
non-vegetarians
To describe the biochemical micronutrient status of key micronutrients (iron, zinc, vitamins
A, B6, B12, folate, selenium, and thiamin) in a sample of adolescent females in New
Zealand, and to make comparisons between vegetarians and non-vegetarians.
To describe the 24-hour activity patterns (sleep, sedentary behaviour and physical activity)
in a sample of adolescent females in New Zealand, and to make comparisons between
vegetarians and non-vegetarians
To determine the attitudes and motivations towards food choice/dietary patterns (e.g., the
environment, animal welfare, health) in a sample of adolescent females in New Zealand,
and to make comparisons between vegetarians and non-vegetarians
To describe dietary habits in a sample of adolescent females in New Zealand and to make
comparisons between vegetarians and non-vegetarians
To describe the weight loss intentions of adolescent females in New Zealand and to make
comparisons between vegetarians and non-vegetarians

5. Hypothesis
We hypothesize that vegetarian adolescent females will differ from non-vegetarian females
in terms of nutrient intake, micronutrient status, attitudes and motivations, and other
lifestyle factors.

6. Study Design
Cross-sectional survey

7. Study Setting/ Location
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A multi-centered study including at least 14 high schools across New Zealand. The
localities in which data will be collected are:
Dunedin
Wellington
Christchurch
New Plymouth
Nelson
Whangarei
Tauranga
Wanaka
Palmerston North

8. Study Population
At least 300 female high school students between the ages of 15 to 18 years from 14 high
schools across New Zealand.

9. Eligibility Criteria
9a. Inclusion criteria
Females between 15 and 18 years of age, who are enrolled in one of the recruited high
schools, and who speak and understand English and are able to complete the required
online questionnaires are eligible to participate. Participants who self-identify as female are
eligible.
9b. Exclusion criteria
Participants will be asked not to participate in this study if they know that they are
pregnant.

10. Study Outcomes
10a. Primary Outcomes
Iron intake and biochemical iron status
10b. Secondary Outcome(s)
Intake and biochemical status of other nutrients
Attitudes and beliefs around food choice, including dietarian identity, food choice
motivations.
Dietary habits
BMI z-score
24-hour activity patterns (time spent in sedentary behaviour, physical activity and sleep)
Weight loss intentions
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11. Study Procedures
11a. Recruitment of participants
Enrolment of Schools
High schools will be selected to be invited to participate based on their location (limited to
accessible schools for data collectors), decile (to ensure good representation) and female
roll number (a preference for schools with higher rolls). The PIs (JH and MP) and/or the
SuNDiAL coordinator will initiate contact with selected high schools via email from
November 2018. Schools that do not respond to the email within two weeks will be sent a
second email, and will receive a follow-up phone call. If email and phone contact does not
result in the targeted number of schools enrolling in the study (n=14) a second round of
recruitment will target high schools that were not initially selected.
Interested schools will be phoned to provide information about the dates and times that suit
them to have the research teams conducting data collection at the school, as well as
information about the facilities and space that they can make available to the research team.
Enrolment of Participants
Master of Dietetic students (the data collectors) will visit participating schools early in the
2019 academic year to initiate recruitment of students within the school. This visit may
include a presentation to school or year group assemblies, and may also involve providing
the school with electronic and/or print information that can be circulated with school
newsletters etc.
School students who are interested in participating will be asked to visit the study website
(www.otago.ac.nz/sundial) where they will be able to read more information about the
study, watch a short video about what is involved in participating, and read the information
sheet. Individuals interested in participating can then provide their name, email address, and
high school to the website. An id number will be assigned to the participant at this point
and the SuNDiAL coordinator will email the participant a link to a REDCap questionnaire,
where they will complete online consent, and answer a series of questions about
demographics and health. Potential participants are free at any time to contact investigators
via phone or email to ask questions about participating in the study. Where a participant is
under 16 years of age, they will be asked to provide the email address of a parent/guardian,
who will then be contacted via email, and asked to provide online consent for their daughter
to participate.
11b. Study procedure
Once participants have completed online consent, and answered the initial demographic,
vegetarianism, and health questions they can continue on to complete the rest of the online
questionnaires or return to complete them later. These additional questionnaires assess
dietary habits, and attitudes and motivations to food choice. These are administered on the
web application REDCap and are completed in their own time.
They will also be scheduled to attend a visit with study investigators at school during
school time. The research team based at each recruited high school will consist of at least
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two Master of Dietetics students. During this visit participants will carry out a 24-hour
dietary recall with one of the Master of Dietetics students. Height, weight and ulna length
will be measured in duplicate. It is expected that the in-school data collection visit will take
approximately 60 minutes to complete.
Individuals who consent to wear an accelerometer will be fitted with an Actigraph GT3x+
accelerometer to be worn on an elasticated belt over their right hip continuously for 24
hours a day for seven days. Participants wearing an accelerometer will also be asked to
complete a sleep and wear time diary to over the time which the accelerometer is worn,
which will involve recording the times they went to bed, to go to sleep each night that they
wearing the accelerometer, and to record any time for which the accelerometer was
removed for more than five minutes. A Masters of Dietetic student investigator will return
to the school eight days after the initial visit to collect the accelerometers from participants.
A second 24-hour dietary recall will be undertaken over the phone or by video-call. This
will take place the following weekend to capture the variation in dietary intake between
days, including weekend days. Completion of this second dietary recall should take
participants approximately 30 min.
Participants who consent to providing a blood sample will have one collected by the trained
phlebotomist/research nurse at an appointed time. Participants may also provide a urine
sample (collection of biochemical samples may occur on a separate day to the 24 h recall
depending on the availability of the phlebotomist).
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11c. Measurement tools used
Demographics, vegetarianism, and health status
After the participant has given consent (and a parent or guardian has given consent if they
are 15 years of age) then they will continue on to an online questionnaire assessing
demographics, vegetarianism, and health status, such as whether they are diabetic and
questions about their menstruation patterns (to estimate iron requirements). This is
administered in REDCap.
Dietary habits, attitudes and motivations
Dietary habits, and attitudes and motivations for food choice will be assessed via
questionnaires administered in REDCap. These online questionnaires will be available for
the participant to complete in their own time after they have consented. The majority of
these questionnaires have been previously validated (103-106) and, if necessary,
modifications have been made to make them suitable for New Zealand female adolescents.
Dietary intake
Estimates of dietary intake will be calculated for each participant through the completion of
two 24 recalls. During each 24 recall participants will be asked to recall everything they eat
from midnight to midnight the previous day. Participants will be prompted to recall details
such as brands of food items and cooking methods. Participants will be asked to estimate
quantities using household measures, food models, and photographs of different portion
sizes.
The recalled foods and portion sizes will then be entered into FoodWorks by the MDiet
students to calculate the energy, macronutrients and micronutrients contained in the
recalled diet. The administration of a second 24-hour diet recall will allow for an estimation
of ‘usual intake’, by using the MSM programme to adjust for the within-person variation in
intakes.
Biological specimens
A total of 10 ml of blood will be collected into two separate tubes (one 4ml and one 6 ml
tube) at the in-school data collection visit. The 4 ml tube will be used to by a local
laboratory affiliated with Southern Community Laboratories to perform a complete blood
count, and measure Vitamin B12. The 6 ml blood sample will be centrifuged within four
hours of collection, by the local laboratory, before being aliquoted into 4 storage tubes and
transported on ice to the Department of Human Nutrition at the University of Otago in
Dunedin. Samples will be stored at -80°C. Once all blood samples have been collected,
one aliquot from each participant will be sent to the VitMin Lab in Germany for analysis if
ferritin, soluble transferrin receptor, retinol binding protein, c-reactive protein and alphaglycoprotein. The remaining blood samples be retained in the Department of Human
Nutrition, where they will be analyzed for plasma selenium and plasma zinc, thiamin,
plasma folate, B6, Leptin, and IL-6.
The urine sample provided by the participant at the in-school data collection visit will be
transferred into a storage container and then transported on ice to the Department of Human
Nutrition at the University of Otago in Dunedin by the local laboratory who is performing
the processing of blood samples. Samples will be stored at -20°C until analysis of iodine
concentrations.
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The University of Otago, Department of Human Nutrition Micronutrient Laboratory will
run the analyses for the biochemistry samples.
24-hour activity
24-hour activity patterns will be assessed using data collected using the Actigraph GT3x+.
Data from each accelerometer will be downloaded using Actilife software and deposited
electronically onto the password protected SuNDiAL folder on the University’s shared
server. Accelerometer data will then be transferred into Stata (statistical software
programme) where it will be cleaned, wear time will be entered, and age appropriate cutoffs
used to identify time spent in sleep, sedentary behaviour, as well as light, moderate and
vigorous physical activity for each 24-hour period.
11d. Data monitoring and Quality Control
No formal data monitoring will take place.
Data collection will be the responsibility of investigators under the supervision and
direction of the PIs. The use of REDCap will minimize the need for extensive data entry
and cleaning, although checks of each variable will be undertaken before statistical analysis
takes place.
Quality control will be ensured by developing standard operating procedures for all data
collection, including:
Anthropometry (height, weight, ulna length);
24-hour dietary recall;
Collection of blood sample and urine samples;
Fitting the accelerometers;
To further ensure the quality of the data collected all Master of Dietetics students working
as student investigators (n=29) have completed a six-week research methods paper in 2018,
led by the PIs. This focused on preparing them for this research project. A further two
weeks of intensive training in data collection procedures will occur in early February 2019
for Stage 1 (to start data collection at the end of February 2019), and in early July for Stage
2 (to start data collection at the end of July 2019). Any additional data collectors (MSc or
PhD students) will undergo the same training.
The intensive training will be led by the PIs (Drs Jill Haszard and Meredith Peddie), and
will cover obtaining informed consent, conducting research studies, dietary data collection
and anthropometric measurements, handling biological samples, and fitting accelerometers.
During data collection, the students will receive support from the study investigators.

12. Statistical Considerations and Data Analysis
12a. Sample size and statistical power
A sample size of 300 high school students enrolled from 14 high schools gives 80% power
to the α=0.05 level to detect a 0.5 standard deviation difference (a “moderate” difference) in
continuous outcome variables between vegetarians and non-vegetarians, assuming a
prevalence of vegetarianism of 20% and a design effect (for school clusters) of 1.5.
12b. Statistical methods
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Statistical analyses will be carried out using Stata (Stata Corp, Texas). School clusters will
be accounted for in all analyses using appropriate methodology (for example, with the
survey command, a sandwich estimator, or as a random effect). Dietary intake estimates
will be adjusted for ‘usual intake’ using the Multiple Source Method (MSM). Estimates of
prevalence and means will be reported with 95% confidence intervals. A binary variable for
vegetarianism will be created and comparisons between vegetarians and non-vegetarians
will be carried out using appropriate regression models. All data management and statistical
analysis will be overseen by the study biostatistician, Dr Jill Haszard (PI).

13. Ethical Considerations
13a. Ethical Standards
This study is conducted in full conformity with the current revision of the Declaration of
Helsinki, or with the International Conference for Harmonization Good Clinical Practice
(ICH-GCP) regulations and guidelines, whichever affords the greater protection to the
participant, as well as the laws and regulations of New Zealand. All dietetic students are
trained under the Code of Health and Disability Services Consumers' Rights 1996. They
adhere to the New Zealand Dietitians' Board Code of Ethics.
13b. Quality Assurance
This research will be conducted by researchers who are highly skilled in the technical
aspects of this research study, in particular dietary and nutritional assessment.
13c. Risks/safety considerations
Participant Burden: To reduce the respondent burden for the participant, questionnaires will
be completed online in their own time. Completing the second dietary assessment
questionnaire outside of school time will also minimize any further disruption to the
participant’s school day.
Blood sampling: There is a risk of discomfort, pain and bruising from the blood test.
Participants will be informed of these risks, and an experienced nurse or phlebotomist will
collect the blood samples and ensure strict aseptic technique is followed during blood
collection to minimize any risk of infection.
The data collectors will be briefed on health and safety policies and procedures at their
respective schools and will comply with these for the duration of the study. Examples of
such policy and procedure will include, but not be limited to:
Emergency procedures
Biological sample handling
MDiet students have been vaccinated for Hepatitis B as a requirement for admission into
the Dietetics program.

Informed Consent Process
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Information about the study will be provided to potential participants at an in-school
presentation, after which individuals will be given the opportunity to ask questions about
the study, either in a group, or individually. Participants who are interested in participating
will then be asked to visit the study website, where they will find more detailed information
about the study, including a video describing the study. The information sheet will be
provided on the website to discuss with their family/whanau. Participants can enter their
name, email address, and school on the website if they are interested in participating. At
this point an id number will be assigned to them and an email sent with a link to the consent
form. If at any time potential participants have questions about the study they can contact
the investigators via email or phone. Once participants have had all their questions
answered they can provide consent by completing the consent form electronically. The
participant (or their legally authorized representative) can withdraw consent at any time
throughout the course of the study. Consent information will be stored electronically in
REDCap.
Participant Confidentiality
Participant confidentiality is strictly held in trust by the investigators. This confidentiality is
extended to cover testing of biological samples and to the clinical information relating to
participants.
Upon enrolment, participants will be assigned a unique identifying code, this is done
automatically by REDCap. To preserve confidentiality, during data collection all data will
be recorded against this ID number. The information linking the code to the participant’s
identity will be stored in a separate password protected file that only the PIs (MP and JH)
and the SuNDiAL coordinator will have access to.
Responses to online questionnaires will be electronically linked to study ID numbers, as
will accelerometer data. Study ID number will also be written on all biological sample
tubes and the recording sheets for anthropometry measurements and 24 h recalls.
Follow-up
Once the data from the study have been analysed, the participants will be provided with an
overall summary of the results. Participants are also free to request a copy of their
individual data. All participants who provide a blood sample will also be provided with
their biochemical iron status, with a note about how to interpret these values. If
investigators identify a risk of anaemia in any participant they will be advised to see their
general practitioner to speak to them about these results.
Participating schools will also be provided with a summary of both the overall results as
well as a summary of selected results obtained from their school (e.g. percentage of girls
consuming breakfast, average number of servings of fruits and vegetables etc.)
If student investigators are concerned about an aspect of the nutritional or mental health of
a study participant, they may suggest that the participant contact their school counsellor
and/or nurse.
Data Management
Data will be collected as per Standard Operating Procedures and cleaned as per standard
data entry procedures. Data quality checks will be run on all entered data to check for
accuracy, consistency and completeness. The results database will be stored on the
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investigators’ computers, all of which are password protected. A backup copy may also be
stored on the University’s shared server space, but only the PIs (JH and MP) will have the
password that will enable access to the data stored on the sever.
Information linking participant identity to their ID number will be stored in a separate
password protected file that only the PIs (JH and MP) will have access to. The only reason
this information will be accessed once the study in completed is if the participant requests
their individual results. This file will be destroyed once all participants have been given the
opportunity to request individual information. The de-identified information collected as
part of this research will be retained for at least 10 years in secure storage.

14. Outcomes and Significance
As a result of the last national nutrition survey, conducted in 2008/09, vegetarianism has
been identified as a priority area of nutritional concern by the Ministry of Health. This
study will provide a meaningful investigation into the nutritional biochemical status and
well-being of New Zealand female adolescents, who, as a population group are likely to
have one of the highest rates of vegetarianism. We will be able to assess whether the
‘modern’ vegetarian diet consumed by adolescent females offers substantial benefits over a
non-vegetarian eating pattern. The collection of biochemical data, along with dietary intake
and beliefs and motives for adopting a vegetarian lifestyle will strengthen the outputs and
aid in the description of the health benefits associated with vegetarianism, but also the
identification of ‘at risk’ individuals, to support up-to-date government and health agency
guidelines for adolescent women.
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Appendix B: Initial Decision Letter
H19/004

Academic Services
Manager, Academic Committees, Mr Gary Witte

4 February 2019

Dr J Haszard
Department of Human Nutrition
Division of Sciences

Dear Dr Haszard,
I am writing to let you know that, at its recent meeting, the Ethics Committee considered your
proposal entitled “SuNDiAL Project 2019: Survey of Nutrition Dietary Assessment and
Lifestyle Phase 1: Adolescent Females”.
As a result of that consideration, the current status of your proposal is:- Approved
For your future reference, the Ethics Committee’s reference code for this project is:- H19/004.
The comments and views expressed by the Ethics Committee concerning your proposal are
as follows:While approving the application, the Committee would be grateful if you would respond to the
following:
Information Sheet
A typing error was noted on the Information Sheet, under the heading “Is there any risk of
discomfort or harm from participation?”, line 3, “some” should read “someone”.
Consent Form
Please amend the Consent Form to include an option for participants to indicate whether they
would prefer for their blood samples to be disposed of using standard methods or with a
Karakia.
Please provide the Committee with copies of the updated documents, if changes have been
necessary.
The standard conditions of approval for all human research projects reviewed and approved
by the Committee are the following:
Conduct the research project strictly in accordance with the research proposal submitted and
granted ethics approval, including any amendments required to be made to the proposal by
the Human Research Ethics Committee.
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Inform the Human Research Ethics Committee immediately of anything which may warrant
review of ethics approval of the research project, including: serious or unexpected adverse
effects on participants; unforeseen events that might affect continued ethical acceptability of
the project; and a written report about these matters must be submitted to the Academic
Committees Office by no later than the next working day after recognition of an adverse
occurrence/event. Please note that in cases of adverse events an incident report should also
be made to the Health and Safety Office:
http://www.otago.ac.nz/healthandsafety/index.html
Advise the Committee in writing as soon as practicable if the research project is discontinued.
Make no change to the project as approved in its entirety by the Committee, including any
wording in any document approved as part of the project, without prior written approval of the
Committee for any change. If you are applying for an amendment to your approved research,
please email your request to the Academic Committees Office:
gary.witte@otago.ac.nz
jo.farrondediaz@otago.ac.nz
Approval is for up to three years from the date of this letter. If this project has not been
completed within three years from the date of this letter, re-approval or an extension of
approval must be requested. If the nature, consent, location, procedures or personnel of your
approved application change, please advise me in writing.
The Human Ethics Committee (Health) asks for a Final Report to be provided upon
completion of the study. The Final Report template can be found on the Human Ethics Web
Page http://www.otago.ac.nz/council/committees/committees/HumanEthicsCommittees.html

Yours sincerely,

Mr Gary Witte
Manager, Academic Committees
Tel: 479 8256
Email: gary.witte@otago.ac.nz

c.c. Assoc. Prof. L Houghton

Department of Human Nutrition
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Appendix C: Māori Consultation Letter

Monday, 17 December 2018
Dr Meredith Peddie
Department of Human Nutrition

Tēnā Koe Dr Meredith Peddie
The SuNDiAL Project 2019: Survey of Nutrition, Dietary Assessment and Lifestyle.
The Ngāi Tahu Research Consultation Committee (the Committee) met on Tuesday, 11
December 2018 to discuss your research proposition.
By way of introduction, this response from The Committee is provided as part of the
Memorandum of Understanding between Te Rūnanga o Ngāi Tahu and the University. In the
statement of principles of the memorandum it states ″Ngāi Tahu acknowledges that the
consultation process outline in this policy provides no power of veto by Ngāi Tahu to research
undertaken at the University of Otago″. As such, this response is not ″approval″ or ″mandate″
for the research, rather it is a mandated response from a Ngāi Tahu appointed Committee.
This process is part of a number of requirements for researchers to undertake and does not
cover other issues relating to ethics, including methodology they are separate requirements
with other Committees, for example the Human Ethics Committee, etc.
Within the context of the Policy for Research Consultation with Māori, the Committee base
consultation on that defined by Justice McGechan:
″Consultation does not mean negotiation or agreement. It means: setting out a proposal not
fully decided upon; adequately informing a party about relevant information upon which the
proposal is based; listening to what the others have to say with an open mind (in that there is
room to be persuaded against the proposal); undertaking that task in a genuine and not
cosmetic manner. Reaching a decision that may or may not alter the original proposal.″

The Committee considers the research to be of importance to Māori health.
As this study involves human participants, the Committee strongly encourages that ethnicity
data be collected as part of the research project as a right to express their self-identity.
The Committee suggests researchers consider the Southern District Health Board's Tikaka
Best Practice document, in particular patient engagement. The document also covers the
collection, storage and disposal of blood and tissue samples. This document is available on
the Southern District Health Board website. The Committee also refers researchers to Te
Mana Raraunga Māori Data Audit Tool, which gives an overview of key Māori Data
Sovereignty terms and principles.
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We wish you every success in your research and the Committee also requests a copy of the
research findings.
This letter of suggestion, recommendation and advice is current for an 18-month period from
Tuesday, 11 December 2018 to 3 June 2020.

The recommendations and suggestions above are provided on your proposal submitted
through the consultation website process. These recommendations and suggestions do not
necessarily relate to ethical issues with the research, including methodology. Other
Committees may also provide feedback in these areas.
Nāhaku noa, nā

Claire Porima
Kaiwhakahaere Pūtere
Senior Project Manager
Office of Māori Development
Te Whare Wānanga o Otāgo
Ph: +64 3 479 7461
Email: claire.porima@otago.ac.nz
Web: www.otago.ac.nz
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Appendix D: SuNDiAL Enrolment Questionnaire
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Appendix E: Food Model Booklet
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