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Abstract
Background: Adolescence is a period of rapid growth and thus, is an essential time
for ensuring adequate intake of all nutrients. Vitamin B12 in particular, is an essential
nutrient for DNA synthesis, red blood cell formation and neurological function. Based
on data from the 2008/09 New Zealand Adult Nutrition Survey, vitamin B12 intake of
New Zealand adolescents were shown to be largely adequate, however, changes in
dietary patterns over the last 10 years may have negatively impacted the major dietary
contributors of vitamin B12 intake. In particular, with global trends emphasizing plantbased diets and the subsequent decline in consumption of milk and animal source
foods, it is currently unclear what New Zealand adolescents are eating. As vitamin B12
is naturally found in food of animal origin, young adults that choose to omit animal
products are at increased risk of deficiency.
Objective: The aim of the present study was to evaluate dietary vitamin B12 intake,
and its major food sources among female and male adolescents aged 15-18 years.
Methods: The present study was part of a larger nutrition assessment project; the
Survey of Nutrition Dietary Assessment and Lifestyle (SuNDiAL). SuNDiAL was
designed as a clustered, cross-sectional study of 401 female and male adolescents
nationwide. Recruitment of participants and data collection took place in 19 secondary
schools across ten different regions in New Zealand between February 2019 and April
2020. Eligible participants provided information of their demographic and health
status; dietary habits and vegetarian status; and attitudes, motivations and beliefs
regarding food choices via online self-administered questionnaires. Anthropometric
measurements including height and weight were taken, and BMI (kg/m2) and BMI zscores were determined. Dietary intake information was collected via two 24-hour
recalls on non-consecutive days (the first face-to-face, the second by telephone or
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video link) within two weeks. Food recall data were entered into a nutrient analysis
software programme, FoodWorks 9 to calculate energy and vitamin B12 intake. Energy
and dietary vitamin B12 intakes were adjusted for within person variation using the
Multiple Source Method to represent usual intakes. Nutrient adequacy was assessed
using the EAR cut-point method.
Results: The sample population consisted of 266 females and 135 males selfidentifying as New Zealand European or Other (71.2%), Māori (13.7%), Asian (12.7%)
and Pacific (2.3%). Only 9% of the sample population reported adopting a vegetarian
lifestyle, with a high proportion of vegetarians among female participants compared to
males (11% vs 4%, respectively). Usual dietary vitamin B12 intakes were found to be
higher in males at 3.8 μg/day compared to that of females at 2.5 μg/day. In addition,
inadequate vitamin B12 intake (below <2.0 μg/day) was higher in females (22.6%) than
males (10.8%). However, participants who reported following a vegan (n=6) or
vegetarian dietary pattern (n=23) showed the highest prevalence of inadequate
vitamin B12 intake at 83.3% and 34.8%, respectively. Lastly, the top three major food
group contributors of vitamin B12 were foods of animal origin among both females and
males; milk, beef and veal, poultry representing 28.3% and 40.5% of total dietary
vitamin B12 intake, respectively.
Conclusion: Vitamin B12 intakes in adolescents are largely dependent on
consumption of animal products. Majority of participants were achieving their daily
recommended requirement (>2.0 μg/day) albeit inadequacy was higher among
females and those reporting vegan and vegetarian lifestyles. Consumption of fortified
alternatives or supplements may be recommended to attenuate the higher prevalence
of inadequate intake among at risk groups.
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Preface
This thesis is based on the data collected for a larger two-year survey, the SuNDiAL
project. The candidate’s supervisor for this thesis was Lisa Houghton. The research
team included the candidate, 63 other Master of Dietetic candidates, two PhD
candidates and staff (two primary investigators, a coordinator and support staff) from
the Department of Human Nutrition (Dept HN). Dr Jill Hazzard and Dr Meredith Peddie,
the two primary investigators conceived the research topic and were responsible for
the ethical approval, methodology and research protocols. In addition, they supervised
the project, arranged both the phlebotomists and the accelerometers and were
responsible for the main statistical analysis of the data. The coordinator recruited the
schools, organized the necessary resources and equipment (including registration
forms, information sheets, mobile phones, anthropometric equipment and 24-hour diet
recall equipment) and set up the Research Electronic Data Capture questionnaires.
All candidates with the exception of 11 candidates in the last phase of the survey were
responsible for participant recruitment, data collection and data entry.
Prior to data collection, all Master of Dietetic candidates had thorough training
on collecting dietary data and anthropometric measurements by trained Dept HN staff.
For practice, each candidate conducted 24-hour dietary recall interviews and
anthropometric measurements on fellow candidates.
The candidate, alongside 10 other candidates, was unable to partake in data
collection due to COVID-19 and a nationwide lockdown in 2020. Therefore, the
candidate was responsible for the following:
•

Compile the result data and use the Microsoft Office Excel to calculate the
mean, standard deviation (SD), median, interquartile ranges (IQR) and analysis
of the food group sources of vitamin B12
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•

Presentation and interpretation of result data

•

Literature review search and write up of this thesis.

Candidates involved in data collection were responsible for the following:
•

Promote the study to eligible schools in their location

•

Liaise with the school contacts to organize school visits and requirements

•

Set up the study equipment for the school visit appointments

•

Conduct the 24-hour dietary recall interviews

•

Set up the appointments for the phlebotomist to collect participants blood
samples and participants urine sample collection

•

Collect the used accelerometers and diaries from the school offices

•

Set up the appointments for the second 24-hour dietary recall including a
reminder text message 24-hours prior.

•

Enter the collected dietary data into FoodWorks 9 (Xyris Software, Australia Pty
Ltd).
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1. Introduction
Vitamin B12, also known as cobalamin, is an essential part of a healthy diet (1).
Adenosyl cobalamin and methyl cobalamin, the two active forms of vitamin B12, are
coenzymes in two key reactions in the body which play an essential role in DNA
synthesis, red blood cell formation and neurological function (1–6). The daily
requirement is small at 2-3 μg/day, however, vitamin B12 deficiency can affect many
population groups including elderly, adolescents, children, infants, as well as those
who choose to not consume foods of animal origin, have limited access or cannot
afford animal source foods (1–9). Symptoms of vitamin B12 deficiency can be exhibited
in three forms; haematological, neurological and psychiatric and if left untreated, can
cause irreversible damage (1,3,6).
As vitamin B12 is only synthesized in the microbiota of ruminant animals,
adoption of dietary patterns or food choices containing little vitamin B12 puts individuals
at risk of inadequate intake and deficiency (1–3,6,9–14). In particular, adolescence is
the second greatest period of growth and therefore maintaining adequate nutrition is
vital during this time for growth of bones, body tissues, brain and sexual maturation
(15).
Currently, little is known about New Zealand adolescents’ eating patterns. The
last New Zealand Adult Nutrition Survey was conducted over 10 years ago and while
vitamin B12 intakes were largely adequate, vegetarian and vegan eating patterns have
become increasingly prevalent since then (16–18). Similarly, there are few recent
studies in other countries assessing vitamin B12 status of adolescents.
Given that dietary patterns are changing to incorporate plant-based alternatives
including; plant milks, tofu, soy-based meat alternatives, it is important that dietary
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intake of vitamin B12 is assessed on a regular basis (2,5,6,10). Despite adequate
vitamin B12 intakes in the last New Zealand Adult Nutrition Survey, it is currently
unclear whether recent shifts in dietary patterns have negatively impacted vitamin B12
health of New Zealand adolescents (16). Therefore, the aim of this thesis is to evaluate
usual dietary vitamin B12 intake and the main food sources among a group of New
Zealand female and male adolescents aged 15-18 years.
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2. Literature review
2.1

Vitamin B12 structure, absorption, metabolism and function

2.1.1 Chemical structure
Vitamin B12, also known as cobalamin, is one of eight essential water soluble B
vitamins (1,2,10). Vitamin B12 has a corrin ring with four nitrogen atoms surrounding a
cobalt centre (Figure 1) (3–6,8,9). Adenosyl cobalamin

(AdoCbl) and methyl

cobalamin (MeCbl) are the two active forms of vitamin B12 however, there are also 2
other derivatives that can be converted to either of the two active forms;
cyanocobalamin (CNCbl) and hydroxocobalamin (3,4,6,9). AdoCbl and MeCbl can be
differentiated by the specific R-group attached to the cobalt centre (3,4). Vitamin B12
active forms contain 3 molecules; aminopropanol, sugar and a nucleotide which is
attached to the corrin nuclei (5,6).

Figure 1. Structure of vitamin B12 derivatives (19)
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2.1.2 Food sources of vitamin B12
Vitamin B12 is only synthesised by certain bacteria which can be found in the
microbiota of ruminant animals (1–6,9). As a result, animal products such as meat,
liver, kidney, fish, eggs and dairy products are the only natural sources of AdoCbl and
MeCbl in the diet (1–3,5,6,9). Despite a lower concentration of vitamin B12 in milk and
milk products in comparison to other animal products, many population groups
frequently consume these dairy products, making it an important contributing food
source (2).
Alternatively, vitamin B12 derivative CNCbl can be used to fortify non-animal
origin food (2,5,6,10). Common vitamin B12 fortified foods include; plant milks, cereals,
tofu, yeast spreads and soy-based meat alternatives (6,10).
Synthetic vitamin B12 found in fortified foods have a greater bioavailability than
that found naturally from food sources (3,7). However, of the animal origin food; liver
has the highest concentration compared to other sources followed by red meat
(2,6,7,9,10). The efficiency of vitamin B12 absorption of a mixed diet is about 50%
however, absorption declines when higher amounts are consumed (2,9). As such, liver
has a lower bioavailability than other animal origin food despite the high concentration
per serve (2).
Under conditions of high intake, intestinal receptors become saturated,
resulting in a maximum of only 1% of passive absorption of free vitamin B12 (2,9,20).
To maximise absorption, it is recommended that vitamin B12 intakes be distributed
throughout the day to avoid saturation (21).
2.1.3 Absorption
Absorption of vitamin B12 requires three binding proteins; haptocorrin, intrinsic factor
(IF) and holo-transcobalamin II (Holo-TCII) (2–7). Vitamin B12 in food is bound to
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proteins that must be broken down via proteolysis in the stomach prior to absorption
(2,3,6,7). Free vitamin B12 firstly binds with haptocorrin, which is produced by the
salivary glands during chewing and swallowing (2,3,6,7). The function of haptocorrin
is to protect vitamin B12 from being broken down (6,7). This B12-haptocorrin complex
is transported to the duodenum and alongside the change in pH, vitamin B12 is
released and binds to gastric IF (3–7). Absorption of vitamin B12 occurs in the terminal
ileum via two mechanisms (2–4,6).
The first mechanism occurs when the IF-cobalamin complex is recognised by
IF receptors and absorbed by the enterocytes (3,6). For the third and final time, the
B12 complex is degraded allowing B12 to combine with the binding protein Holo-TCII
(3,6). Holo-TCII is synthesised in the microvascular endothelium of the ileal villi (6).
This Holo-TCII-cobalamin complex is then internalised by endocytosis into the
bloodstream (6).
The second absorption mechanism of vitamin B12 occurs when large amounts
of vitamin B12 are ingested, such as supplemental vitamin B12 (9). In this case, IF is
not required resulting in IF-cobalamin receptors being bypassed, with vitamin B12
being absorbed via diffusion across the epithelial ileum (6).
The liver is the primary storage site of vitamin B12 (3,9).
2.1.4 Metabolism and function
Vitamin B12 is required in the body for DNA synthesis, red blood cell formation and
neurological function including methylation and mitochondria metabolism (1,3,6).
During adolescence, vitamin B12 is particularly critical for growth and development
because of its involvement in DNA-replication (22).
Vitamin B12 is involved as coenzymes in two key reactions in the human body
(2–5). Firstly, the coenzyme MeCbl found in the cytosol, is required by methionine
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synthetase in the folate-dependent methylation of homocysteine to methionine (3–5).
The methyl group of 5-methyltetrahydrofolate is transferred to homocysteine resulting
in methionine and tetrahydrofolate (3–5). Tetrahydrofolate then becomes the cofactor
N5,10-methylentetrahydrofolate required by thymidylate synthetase in DNA synthesis,
as well as myelination (3–5). Secondly, the coenzyme AdoCbl is required by methyl
malonyl-CoA mutase in the conversion of L-methyl malonyl-coenzyme A to succinylcoenzyme A (3–5). This occurs in the mitochondria and is an isomerisation reaction
used for the breakdown of propionic acid and enters the citric acid cycle (4).
2.1.5 Vitamin B12 deficiency
As a coenzyme, a deficiency in vitamin B12 can result in the build-up of homocysteine,
a decrease of the essential amino acid methionine and therefore, impaired
regeneration of tetrahydrofolate from 5-methyltetrahydrofolate via the inactivation of
methionine synthase (23). It can also lead to an accumulation of methylmalonic acid
due to inactivation of mitochondrial methylmalonyl-CoA mutase (23). High
concentrations of both homocysteine and methyl malonyl-CoA mutase can be toxic,
however, cells export these metabolites into circulation (23).
Adolescence is a crucial time for maintaining optimal status of vitamin B12 for
optimal health and to prevent the risk of deficiency (22). The daily requirement for
vitamin B12 is small, estimated at 2-3 μg/d (1,3,5,9). In a healthy individual, daily
turnover is around 0.1% with deficiency symptoms appearing when body stores fall
below 300 μg (7). The rate of depletion is dependent on the initial amount stored in
the liver (~ 2-3 mg), efficiency of absorption from the diet and reabsorption from bile
(7). As such, vitamin B12 deficiency can take a several years (5-10 years) to exhibit
(2–5,7).
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Vitamin B12 deficiency can affect many population groups including elderly,
adolescents, children, infants, as well as those who choose to not consume foods of
animal origin, have limited access or cannot afford animal products (1–9). As such,
vitamin B12 deficiency has been found to be more prevalent in vegetarians and vegans
compared to meat eaters (10–14,24).
Pernicious anaemia is the most common cause of deficiency however, other
causes include malabsorption from lack of IF, gastric atrophy, bacterial overgrowth in
the small intestine and dietary insufficiency (1,3–7,9). Pernicious anaemia is an
autoimmune disease caused by the lack of IF (1–3,7,9). It is an irreversible form of
malabsorption, which if left untreated, eventually leads to anaemia from lack of vitamin
B12 absorption and megaloblastic anaemia due to impaired DNA synthesis (1,7).
Vitamin B12 deficiency symptoms can be displayed in three types;
haematological, neurological and psychiatric (1,3,6). Haematological symptoms
include large red blood cells, lower than normal number of white blood cells and
platelets in the blood (6). Fatigue, memory loss, numbness and tingling are associated
with neurological whereas irritability, depression and psychosis are related to
psychiatric issues (6).
2.2 Vitamin B12 dietary requirements and adequacy of intakes
2.2.1 Dietary requirements of vitamin B12
Nutrient reference values for vitamin B12 vary worldwide. In New Zealand and
Australia, the Estimated Average Requirement (EAR) of vitamin B12, set to meet half
of the healthy individuals needs in a life stage, is 2.0 μg/d for both male and females
aged 14 years and older (25). The Recommended Dietary Intake (RDI) estimated to
meet the nutrient requirements of 97-98% of individuals in a life stage, for vitamin B12
is set at 2.4 μg/d (25). Table 1 displays a number of country and continent specific
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EARs (also known as Adequate Requirements (AR)) and RDIs (known also as Dietary
Recommended Intake (DRI) or Recommended Dietary Allowance (RDA)) of vitamin
B12 (25).
Table 1. Dietary requirements of vitamin B12 around the world (25–31)
Country/Continent
New Zealand
Australia
England
America
Canada
Europe
India1
Africa1
West Asia
1

EAR/AR
2.0 μg
2.0 μg
1.25 μg
2.0 μg
2.0 μg
1.0 μg
2.0 μg

RDI/DRI/RDA
2.4 μg
2.4 μg
1.5 μg
2.4 μg
2.4 μg
1.4 μg
1.0 μg
2.0 μg
2.4 μg

EAR/AR for India and Africa is unknown

Upper limit of intake
The set Upper Limit of safe intake (UL) is the highest daily intake level of a nutrient
unlikely to cause adverse health effects (25). In response to intakes of vitamin B12
above the EAR, the body is able to decrease absorption meaning no known toxic level
can be reached (8,25). Therefore, to date, no adverse effects have been seen in
healthy individuals from excess intake of vitamin B12 in food sources or supplements
and thus, no UL is set for vitamin B12 intake (25).
2.2.2 Dietary intakes and prevalence of inadequate intakes
2.2.2.1 New Zealand Adult Nutrition Survey
The most recent New Zealand Adult Nutrition Survey (ANS) conducted in 2008/09
showed the usual mean intake of vitamin B12 for male and female adolescents aged
15-18 years to be 4.6 μg/day and 3.7 μg/day, respectively (16). Additionally, the
median intake for this same group was 4.4 μg/day and 3.4 μg/day (16). Usual vitamin
B12 intakes differed among ethnic groups, with Māori adolescent males having a lower
mean intake at 3.8 μg/day compared to their New Zealand European (4.6 μg/day) and
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Pacific (4.9 μg/day) counterparts (16). Similarly, for median vitamin B12 intakes, Māori
adolescent males had lower intake of vitamin B12 at 3.6 μg/day compared to New
Zealand European (4.4 μg/day) and Pacific (4.4 μg/day) (16). In contrast, there were
no apparent differences in both mean and median vitamin B12 intakes among female
adolescent ethnic groups with Māori having slightly lower median vitamin B12 intake
than New Zealand European and Pacific adolescent females (16).
Overall, the prevalence of vitamin B12 inadequacy among males and females
was 1.1% and 7.9%, respectively (16). The highest risk of inadequate vitamin B12
intakes were found in females belonging to Māori and Pacific ethnic groups at 23.4%
and 19.6%, respectively (16). Among male adolescents, 9.3% and 4.5% of Māori and
Pacific participants, respectively, had vitamin B12 intakes below 2.0 μg/day (16). New
Zealand European male adolescents had the lowest prevalence of inadequate vitamin
B12 intake at 4.0% while New Zealand European females exhibited a slightly higher
prevalence of inadequacy of 6.1% (16).
The four major food group contributors of vitamin B12 intake for both male and
female adolescents were milk (15.5-16.2%), bread-based dishes (11.9-13.5%%), beef
and veal (7.9-9.7%), poultry (7.1-7.5%) (32). For males, the next major contributors of
vitamin B12 intake were egg and egg dishes (5.9%), non-alcoholic beverages (5.3%),
fish and seafood (5.2%), dairy (4.7%) and cheese (3.5%) (32). For female
adolescents, non-alcoholic beverages (7.1%), dairy products (6.0%), fish and seafood
(5.3%), cheese (4.9%) and egg and egg dishes (3.9%) were the major food
contributors (32).
Beef and veal were the largest contributor of vitamin B12 for Māori male
adolescents at 13.7% followed closely by milk at 13%, while bread-based dishes were
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the largest contributor of vitamin B12 for Māori female adolescents at 13.7% followed
by milk at 11% (32).
In contrast, Pacific male and female adolescents had bread-based dishes as
their largest contributor of vitamin B12 at 14.4% and 12.0%, respectively, followed by
beef and veal (12.7%), grains and pasta (10.8%) and milk (9%) for males and milk
(11.6%), poultry (11.0%) and dairy products (8.1%) for females (32).
Interestingly, the frequency of meat consumption among all ages had not
changed significantly between the two national survey periods of 1997 and 2008/09,
with ~94% of participants eating meat within the past four weeks (16).
2.2.2.2 Australian Health Survey
The most recent Australian Health Survey (AHS) conducted in 2011/12 showed male
and female adolescents aged 14-18 years had a mean consumption of vitamin B12 at
5.2 μg/day and 3.7 μg/day, respectively (33). Food sources of vitamin B12 for both
males and females were largely from milk products at 32% for males and 35.1% for
females, followed by poultry and meat products at 27.7% of vitamin B12 for males and
23% for females, and lastly, cereal based products provided 21% and 18.9% of vitamin
B12 for males and females, respectively (33). Females over 14 years had a higher
prevalence of inadequate vitamin B12 intake at 5-8% compared to males at 1% (34).
2.2.2.3 UK National Dietary and Nutrition Survey
Similar to the New Zealand ANS, the 2008-2012 results of the United Kingdom (UK)
National Dietary and Nutrition Survey (NDNS) showed the mean daily intake of vitamin
B12 adolescents aged 11-18 years to be 4.7 μg/day for males and 3.5 μg/day for
females (35). Both males and females had milk and milk products as their largest
contributor of vitamin B12 at 36% and 37%, respectively (35). Meat and meat products
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followed at 31% for males and 28% for females with cereal based products and fish
being the 3rd and 4th ranked contributing food source (35).
A secondary analysis of the UK NDNS 2008-2012 found vitamin B12 intakes
were statistically significant (p<0.001) in females who consumed 40-69 g/day of meat
compared to females consuming <40 g/day (36). Nonetheless, a downward trend in
red and processed meat consumption in all age groups was observed with adolescent
boys (11-18 years) having the largest reduction of meat consumption as reported by
the UK NDNS Rolling Programme, a continuous cross-sectional study over a 9 year
period (2008-2017) in which dietary changes were assessed (37).
Further analysis of an earlier survey period UK NDNS 2003, found vitamin B12
intakes were significantly higher (p<0.001) among young people (4-18 years) when
larger amounts of breakfast cereal were consumed (38). For example, males had a
1.0 μg/day greater mean vitamin B12 intake if they were consuming breakfast cereals
contributing to 33% of total energy intake compared to those obtaining less than 33%
of total energy intake from breakfast cereals (38). This relationship was similar for
females, with a 0.8 μg/day difference between these breakfast consuming groups (38).
2.2.2.4 US National Health and Nutrition Examination Survey
The most recent United States (US) National Health and Nutrition Examination Survey
(NHANES) in 2015-2016 showed adolescent males aged 12-19 years had a higher
mean intake of vitamin B12 than similar aged females at 5.9 μg/day and 3.9 μg/day,
respectively (39).
An earlier survey period, NHANES 1999-2004, found a statistically significant
difference (p<0.001) in vitamin B12 intake between beef eaters (6.4 μg/day) than nonbeef eaters (4.9 μg/day) (40). In contrast, the low-lean beef consumers group had a
lower mean vitamin B12 intake (4.4 μg/day) than the non-beef consumers group (4.9
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μg/day) (40). Overall diet quality of lean beef consumers and non-beef consumers was
greater than low-lean beef consumers as they consumed larger quantities of fruit, dark
green/orange vegetables and wholegrains (40). Given this investigation is 20 years
old, changes in dietary patterns since that time may have altered these findings
(40,41).
Further analysis of 4 cycles of NHANES (2001-2008) found milk and milk
products accounted for 29% of vitamin B12 intake in adolescents (42). Similarly, a
secondary analysis of NHANES 2015-2016, found that vitamin B12 intakes were
statistically significantly higher (p<0.001) in adolescents who consumed ready-to-eat
(RTE) cereal at least once a day (43). Vitamin B12 contribution to daily intake was
increased further with co-consumption of milk with RTE cereal, from 40% to 53% (43).
Greater vitamin B12 intake and RTE cereal consumption was also associated with a
higher intake of wholegrains, dairy and lower intake of refined grain, sodium and
saturated fat (43).
2.2.2.5 Canadian Health Survey
The most recent Canadian Community Health Survey (CCHS) in 2015 showed
adolescent females aged 14-18 years had a higher prevalence of inadequate vitamin
B12 intake (15.8%) compared to their adolescent male counterparts (1.7%) (44).
Further analysis of the CCHS 2015 found a positive association between milk
consumption and increased vitamin B12 intake (45). Vitamin B12 intake was nearly 1.0
μg/day greater in participants that consumed one or more serving/day of milk, cheese,
yoghurt or soy (45).
An earlier CCHS in 2004 found a lower vitamin B12 intake (1.4 μg/1000kcal) in
those with a higher consumption of ultra-processed foods in comparison to
participants with a higher diet quality (2.7 μg/1000kcal) (46). Similarly, the same CCHS
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in 2004 found a difference of vitamin B12 intake between school hours and non-school
hours in children (6-17 years) (47). Vitamin B12 intakes during non-school hours were
2.04 μg/1000kcal compared to 1.33 μg/1000kcal during school hours (47). Overall diet
quality during school hours was also lower than outside of school hours with lower
intakes of vitamin A, vitamin D and calcium (47).
2.2.2.6 Other countries
A number of cross-sectional studies conducted worldwide further support national and
large survey findings of vitamin B12 intakes, with those tending to be greater in
adolescent males than adolescent females (22,48–53). However, greater overall
energy intake in male adolescents compared to female adolescents likely leads to an
increased intake of vitamin B12 (24,50,51,53–56). In addition, females are more likely
to be vegetarian or vegan and therefore consuming less vitamin B12 containing food
sources than males (8,24,57,58). In contrast, one cross-sectional study conducted in
India found males had a slightly greater vitamin B12 inadequacy (34%) than females
(31%) (59). Consequently, 15.6% of the total study population were therefore not
meeting the RDI of vitamin B12 (59).
In Europe, a collection of cross-sectional studies conducted showed a decrease
in vitamin B12 intake when following a vegan dietary pattern (11–14,24). In addition,
these studies showed vegan participants of all ages to be at greatest risk of not
meeting their countries recommended intake levels (11–14,24). However, this risk was
attenuated when vitamin B12 supplements were taken (11–13,48,60–63).
In contrast, a large cross-sectional study in France comparing vitamin B12
intakes in omnivores, vegetarians and vegans found vitamin B12 intakes to be lowest
in the vegan group (2.7 μg/day) but still above the EAR of 1.0 μg/day (57). Dietary
data were collected through a 24-hour recall compared to the previously mentioned
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studies that assessed vitamin B12 intake in vegans through a 3-day or 7-day diet record
(11–13,24,57).
Similarly, a number of randomised control trials in several European countries
showed a decrease in vitamin B12 intake when participants were assigned to follow
either a vegan diet for a specified period of time or a diet including unfortified cereals
(23,55,64). After four weeks of no animal or dairy products, mean intake of vitamin
B12 of participants aged 18-60 years was 0.8 μg/day, which was significantly lower
than their baseline intake of 4.8 μg/day (23). Similarly, a 12-week intervention of a
vegan diet led to a significant decrease in vitamin B12 intakes in both males and
females by 2.1 μg/day (55). Lastly, vitamin B12 intake decreased from 3.1 μg/day to
2.8 μg/day when adolescent females (aged 16-19 years) consumed unfortified
breakfast cereal over 12 weeks (64).
In the Middle East, a small cross-sectional study among Iranian University
students showed vitamin B12 intakes were inadequate to meeting the EAR when
animal and dairy products were consumed with a mean intake of 1.5 μg/day (65).
Similarly, a large cross-sectional study in India found prevalence of inadequate vitamin
B12 intakes in both vegetarians and omnivores, although this was higher in vegetarians
(35%) compared to omnivores (12%) (29).
Milk and milk products are a major food source of vitamin B12 in adolescent
male and female diets (16,33,35,42,44,45,54,66,67). For example, milk and milk
products were the main dietary source in Spanish adolescents accounting for 30.7%
of vitamin B12 intake in males and 33.4% in females. (66). Similarly, 21% of vitamin
B12 in American adults diet was attributed to milk and milk products (54).
Further detail regarding these studies can be found in Appendix A with
Appendix B detailing the search terms used to find these studies.
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2.3 The shift towards plant-based alternatives
Although a large source of vitamin B12, intake of milk and milk products have been
declining globally in recent years (68). Milk consumption has steadily decreased in
both New Zealand and Australia since 2014, while in Canada the decline in milk intake
has been documented since 2009 (68). Furthermore, a 25% decline in milk
consumption has been reported in the US from 1996-2016 (69). In particular, among
US adolescents, milk intake significantly decreased from 1.36 servings/d to 1.19
servings/d from 1999 to 2016 (41).
On the contrary, consumption of alternative milk substitutes such as almond,
soy, coconut, oat and rice, which can be nutritionally lower in quality are on the rise
(17,67,70,71). In the US, almond milk sales increased by 7.8% in 2015, while dairy
milk sales dropped 7% (70). Additionally, the almond milk market grew to 5% (twice
the size of other milk substitutes) of the total milk market while annual dairy milk sales
in 2018 dropped by $1 billion (70,71). Similarly, in the UK, dairy milk consumption has
decreased by 6% in younger people (16-24 years) since 2018 (72). Alongside these
changes, is the rise in consumption of plant-based milks, with 33% of British young
people opting for this instead of dairy milk (73). New Zealand in particular, has seen
an increase in plant milk sales since 2018 including almond milk, oat milk and soy milk
up by 32%, 26% and 7.8%, respectively (74). Compared to dairy milk that contains
around 0.4-0.5 μg/100g vitamin B12, plant milks, if fortified, can contain 0.4 μg/100g
vitamin B12 albeit not all plant milks are fortified – hence, the potential increased risk
of inadequate vitamin B12 intake when following vegetarian/vegan dietary patterns
(9,11–14,17,24,75).
The changes observed in milk consumption can be attributed to the increase of
plant-based dietary patterns (17). In New Zealand alone, there has been a 27%
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increase of vegetarianism and veganism since 2011, with a 55% increase among
young people (14-24 year olds) (18). Although intake of poultry and pork has increased
(by 8kg and 2kg per person) from 2007 to 2017, beef and veal and lamb and mutton
have decreased by 7kg and 15kg per person, respectively (76). Similar trends have
been observed in Australia with one in three people surveyed reporting a reduction in
their meat intake since 2018 (77). Meanwhile, mean red meat intake significantly
decreased in US adolescents from 0.35 servings/day to 0.31 servings/day while
consumption of both poultry and legumes increased from 1999-2016 (p<0.001) (41).
For adolescents in particular, the sustainability of meat and dairy products is a
factor contributing to this dietary shift, particularly among female adolescents who are
most likely to consider this when purchasing meat and dairy products (58,70,78).
Conclusions
Vitamin B12 is an essential nutrient in an individual’s diet for DNA synthesis, red blood
cell formation and neurological function. Adolescence is an important time to manage
vitamin B12 status with a daily intake of 2-3 μg/d being sufficient to prevent deficiency.
The majority of national surveys and cross-sectional studies have found vitamin B12
intakes to be largely adequate among adolescents. However, given that meat, dairy
and egg products are a large source of vitamin B12, certain groups of the population
are more susceptible to suboptimal dietary intake of vitamin B12, including vegans and
vegetarians. Following a vegan dietary pattern without appropriate supplementation
increases the risk of vitamin B12 inadequacy among adolescents. Moreover, recent
changes in dietary patterns and food supply, including the decline in milk consumption
may have had a negative impact on vitamin B12 intakes. Vitamin B12 intake is an
essential part of a healthy diet, and thus, if consumption of meat and dairy products
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are reduced or omitted from the diet, suitable alternatives such as fortified products or
appropriate supplements are required to reduce risk of vitamin B12 deficiency.
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3. Objective Statement

While a number of studies have been conducted worldwide to assess adequacy of
vitamin B12 intake among adolescents, data are currently limited in New Zealand with
the most recent national nutrition survey being conducted over a decade ago (16). The
role of vitamin B12 in DNA synthesis, red blood cell formation and neurological function
makes it a key nutrient for optimal growth and development during adolescence
(3,5,6). Moreover, changing dietary patterns since the last national survey period,
including the rise in consumption of plant-based milk alternatives and decreased
consumption of milk and meat products, may have affected the dietary intake of
vitamin B12 (17,18,41,70–73,77,78). Thus, the overall aim of the present study is to
evaluate dietary vitamin B12 intake among a group of New Zealand male and female
adolescents aged 15-18 years. Specific objectives are as follows:
Objective one: To describe usual intake of vitamin B12 in adolescent males and
females aged 15-18 years.
Objective two: To assess the prevalence of inadequate vitamin B12 intakes in
adolescent males and females aged 15-18 years.
Objective three: To examine major food group contributors of vitamin B12 for
adolescent males and females aged 15-18 years.
Objective four: To compare vitamin B12 intake, prevalence of inadequacy and major
food group contributors of vitamin B12 among male and female adolescents aged 1518 years.
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4. Methodology
4.1 Study design
The present study was part of a larger nutrition survey called the SuNDiAL project; the
Survey of Nutrition Dietary Assessment and Lifestyle, conducted among male and
female adolescents aged 15-18 years across secondary schools in New Zealand. The
overall aim of this project was to describe the nutritional status, dietary habits, health
status, attitudes and motivations for food choices, 24-hour activity patterns and screen
time of adolescents aged 15-18 years. In 2019, 266 female adolescents aged 15-18
years were recruited from 13 secondary schools throughout New Zealand; and in
2020, comparable data were collected from a sample of 135 adolescent boys from six
secondary schools. The findings of this two-year long project will be used to inform
dietary guidelines. For the purpose of this thesis, the present study will focus on
vitamin B12.
Ethical approval was secured from The Human Ethics Committee (Health) from
University of Otago (reference code H20/004). In addition, the overall survey is
registered

at

The

Australian

New

Zealand

Clinical

Trials

Registry

as:

ACTRN12620000185965 and ACTRN12619000290190.
4.2 Study setting
4.2.1 Study location
The survey was designed as a multi-centered study involving 19 secondary schools
across ten regions of New Zealand throughout the two-year project. The locations
were determined based on the location of the data collectors (Master of Dietetic
(MDiet) students). For 2019, data was collected in two phases; between February to
June and July to November (in Whangarei, Mt Maunganui, New Plymouth, Wellington,
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Nelson, Christchurch, Dunedin, Wanaka). In 2020, data collection occurred between
February to April (in Auckland, Tauranga, Wellington, Christchurch, Dunedin).
In 2019, lower decile secondary schools (a measurement of the socioeconomic status of the school) were preferentially chosen to increase their
representation (79). Invitations to participate were therefore given in priority regions
with low decile secondary schools before higher decile. Of the 13 secondary schools
recruited in 2019, one was low decile (<3) and four were high (>8) decile. In 2020, low
decile schools were not preferentially chosen, therefore, all eligible secondary schools
were invited by email. No low decile secondary schools were recruited in 2020 but two
of the six secondary schools were high decile.
Additionally, schools were selected based on roll number (preference for
schools with higher rolls e.g. > 400 for co-educational or >200 for single sex only).
4.3 Study participants
4.3.1 Inclusion criteria
Study participants were eligible if they self-identified as female (2019) or male (2020),
were aged between 15-18 years, enrolled in one of the recruited high schools, able to
speak and understand English and were able to complete the compulsory online
questionnaires. Pregnancy excluded participation for female adolescents.
4.3.2 Study population
The target number of participants for the 2019 SuNDiAL project was 300 female
adolescents aged 15-18 years recruited from secondary schools nation-wide between
February and November 2019. Of the 13 schools recruited, 3936 female adolescents
were eligible and of these 266 were included. In the second phase of data collection
for 2019, female adolescents who identified as vegetarian/vegan were purposefully
recruited outside of secondary schools.
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The target number of participants for this year’s SuNDiAL project was 150 male
adolescents aged 15-18 years recruited from secondary schools nation-wide between
February and April 2020. Of the six schools recruited, 1664 male adolescents were
eligible and of these, 135 participants were included.
In 2020, New Zealand went into a nationwide lockdown due to COVID-19
between March-June. As a result, data collection for male participants did not take
place as planned in the second phase of 2020 (July-September) and therefore,
reduced the anticipated of sample size of this group.
4.4 Data collection
Data collectors visited participating secondary schools to deliver an information
session to detail study activities. Additional information was provided in school
newsletters and school related social media platforms. Following this, an expression
of interest form was distributed allowing individuals to provide their name, age and
email address. These forms were collected by the data collectors. Students could also
access the study website to receive more information, watch the recruitment video or
indicate interest in participating. For those participants interested in enrolling in the
study, a link to complete online consent was emailed and each potential participant
was assigned an identification number. If a participant was under the age of 16, a
parent/guardian was contacted through email to provide consent.
Once consent was obtained, study participants completed an initial health and
demographic online questionnaire. Following this, there were two other sections;
attitudes and motivations to food choices and dietary habits, which was completed in
their own time. In addition, two 24-hour diet and activity recalls, anthropometric
measurements and blood pressure were taken by trained data collectors, with a followup diet and activity recall completed within two weeks via phone or video call. Lastly,
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participants provided a blood and urine sample which was collected by a trained
phlebotomist/research nurse and wore an accelerometer for seven days. These
components were all voluntary. Data from the blood, urine and accelerometers were
not included in this thesis. This thesis will report on the data from the
sociodemographic questionnaires, dietary recalls and anthropometric measurements
and as detailed below.
4.5 Measurement tools used
4.5.1 Questionnaires
Participants were asked to complete an online Research Electronic Data Capture
(REDCap) questionnaire which comprised of three sections. The first section entailed
29 questions about socio-demographic characteristics and health status (including
menstrual status, food allergies or intolerances) as well as whether the participant selfidentified as vegetarian or vegan and associated timeframe. The second section
contained 81 questions about attitudes and motivations and the last section was
focused on dietary habits using 73 questions that were asked in the New Zealand ANS
including questions about weight loss intentions.
These questionnaires can be found in Appendix C with additional questions
specifically for male or female participants in Appendix D and E, respectively.
4.5.2 Dietary intake
Dietary intake was collected using two 24-hour recalls by trained data collectors. The
first 24-hour recall was conducted face-to-face during school hours with the exception
of one secondary school in Auckland where the first 24-hour recall was completed
over phone or video call due to a Covid-19 nationwide lockdown. Similar to the ANS,
the multiple-pass technique was used. The first pass involved collecting a ‘quick list’
of all foods and beverages the participant consumed the previous day (midnight to
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midnight). The second pass allowed for a detailed description of the food and
beverage to be obtained such as cooking methods, recipe information (when
required), and brand and product information. In the third pass, participants were
asked to estimate quantities of food and beverage consumed. Standard household
measures (cups, tablespoons etc), food photographs, shape dimensions, food portion
aids (dried beans) and information from packaging was used to improve accuracy.
From here, the full food and beverage list was reviewed for any necessary additions
or changes for the last pass. Lastly, participants were asked if salt was added to any
of the foods consumed and if so, whether it was iodised. The second 24-hour recall
was completed over phone or video call within two weeks of the first recall on a nonconsecutive day, preferably a weekend day. The second 24-hour diet recall allowed
for an estimation of usual intake.
Energy and vitamin B12 intake were estimated using a dietary analysis software
package FoodWorks 9 (Xyris Software Australia Pty Ltd). This software uses the most
up-to-date and comprehensive food composition tables for New Zealand (FOODfiles
2018 (The New Zealand Institute for Plant & Food Research Limited) which was
enhanced by the inclusion of ANS recipe calculated foods. Energy and dietary vitamin
B12 intakes were adjusted for usual intake using the Multiple Source Method to
represent usual intakes (80).
To assess the prevalence of inadequate intake, the EAR cut-point method was
applied to the usual intake distribution using an intake of 2.0 ug/d (25) . In addition,
the top 15 major food sources of vitamin B12 consumed by the participants was
assessed.
The Dietary Assessment protocol and the foods included in each food group
can be found in Appendix F and G, respectively.
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4.5.3 Anthropometric measurement
Standing height, weight and ulna length measurements were measured in duplicate
to the nearest 0.1 units by trained data collectors using standardized techniques. All
measurements were taken with participants wearing light clothing and no footwear,
jewellery, wrist watches or any hair ornaments or buns/braids on the top of their head
for improved accuracy.
If the difference between the initial two measurements was ≥ 0.5 units then a
third measurement was taken with the mean of the two closest measurements used
at the ‘true’ value. Calibrated stadiometers (Seca 213; and Wedderburn) were used
for height, calibrated scales (one of Medisana PS420; Salter 9037 BK3R; Seca Alpha
770; or Soehnle Style Sense Comfort 400) for weight and a flexible steel measuring
tape for ulna length. Ulna length was measured on the participants non-dominant arm
between the point of the elbow and the midpoint of the prominent bone of the wrist
while the arm was positioned across the torso with hand resting on the front of the
opposite shoulder. Body mass index (BMI) was calculated by weight (in kilograms)
divided by height (in metres) squared. BMI z-scores for age and sex were calculated
using the World Health Organisation child growth-standards (81). BMI was further
classified as underweight (<-1 SD), normal weight (0 SD), overweight (>+1 SD) and
obese (>+2 SD) (81). The Anthropometric protocol can be found in Appendix H.
4.6 Statistical analysis
Descriptive data were presented as median (for data that were not normally
distributed) and mean (for normally distributed data) including daily intake of energy,
and vitamin B12 as well as main food sources of vitamin B12. For each participant, the
proportion of their total vitamin B12 intake from each of the 33 food groups was
calculated using Status (Stata 16.0 (StataCorp, Texas) .
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Figure 2. Recruitment process of secondary schools in 2019 and 2020

Feb-Apr, July-Sep 2019
108 eligible schools

Schools selected to be
invited (n = 29)

Feb–Apr 2020
140 eligible schools

Convenient schools
invited (n = 6)

No response
(n = 16)

All schools invited
(n = 140)
No response
(n = 122)

Responded
(n = 13)

Responded
(n = 6)

Declined to
participate (n = 5)

Responded
(n = 18)
Declined to
participate (n = 1)

Schools consented to
participate (n = 8)

Schools consented to
participate (n = 5)

Declined to
participate (n = 10)
Schools consented to
participate (n = 8)
Could not participate
due to COVID-19
(n = 2)

n = 13 schools included

n = 6 schools included

Of the 248 eligible schools, 175 were invited to participate and of this, 21% responded
and 12% completed the consent process with 11% included in the final data as two
schools could not participate due to COVID-19.
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Figure 3. Recruitment process of participants in 2019 and 2020
Feb – Apr 2019
8 schools recruited
Eligible participants
(n = 1882)

July-Sept 2019
5 schools recruited
Eligible participants
(n = 2054)

Feb-Apr 2020
6 schools recruited
Eligible participants
(n = 1664)

No response (n = 1834)

No response (n = 1619)

No response (n = 1330)
Responded
(n = 263)

Responded
(n = 220)

Responded
(n=334)
Did not complete
consent (n = 69)
No parental consent
(n = 17)
Incomplete
enrolment (n = 5)
Withdrew data (n= 1)
Over 19 years (n = 1)

Did not complete
consent (n = 89)
No parental consent
(n = 22)
Incomplete
enrolment (n = 7)

Participants consented to
participate (n = 145)

Participants consented to
participate (n = 127)

Did not complete
consent (n = 101)
No parental consent
(n = 76)
Incomplete
enrolment (n = 10)
Over 19 years (n = 1)

Participants consented to
participate (n = 146)

Did not complete any
questionnaire or
24-hr recall (n = 11)

Did not complete
any questionnaire or
24-hr recall (n= 6)

n = 266 participants included

n = 135 participants included

n = 401 participants
included
Data available for analysis:
n = 264 completed online questionnaires
n = 264 completed demographics and health
n = 246 completed attitudes and motivations
n = 239 completed dietary habits
n = 242 completed a 24-hour recall
n = 209 completed a second 24-hour recall
n = 240 completed anthropometric measures

Data available for analysis:
n = 128 completed online questionnaires
n = 128 completed demographics and health
n = 124 completed attitudes and motivations
n = 122 completed dietary habits
n = 102 completed a 24-hour recall
n = 72 completed a second 24-hour recall
n = 109 completed anthropometric measures

Data available for analysis:
n = 392 completed online questionnaires
n = 392 completed demographics and health
n = 370 completed attitudes and motivations
n = 361 completed dietary habits
n = 344 completed a 24-hour recall
n = 281 completed a second 24-hour recall
n = 349 completed anthropometric measures
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In total, 5600 students aged 15-18 in New Zealand were eligible for this study. Of the
817 male and female participants who responded, 49% completed the enrolment
process. Of those enrolled, 98% completed the online questionnaires, 86% completed
a 24-hour diet recall, 70% completed a second 24-hour recall and 87% completed
anthropometric measures.
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5. Results
A total of 401 participants were included in the final analysis of this study. Table 2
outlines the socio-demographic and anthropometric characteristics of the male and
female participants. Age and socioeconomic status appeared similar between both
sexes. The overall mean (SD) age was 16.7 (0.8) years and nearly one-quarter were
residing in neighbourhoods classified as high deprivation. While the majority of
participants were New Zealand European and Other (NZEO), the distribution of
ethnicity between males and females differed, with a higher proportion of males
identifying as Asian (32% vs 3%, respectively). Likewise, BMI differed between males
and females with a higher proportion of females classified as obese (6% vs 11%,
respectively) although the majority of all participants classified as normal weight.
Lastly, less than 10% of participants were vegetarian or vegan, however, more
females (11%) reported being vegetarian or vegan compared to males (4%).
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Table 2. Sociodemographic and anthropometric characteristics of female and male
participants
Characteristic1

All

Females

Males

n

n (%)

n

n (%)

n

n (%)

Age, years (Mean ± SD)

401

16.7 ± 0.8

266

16.8 ± 0.8

135

16.6 ± 0.7

Ethnicity

393

264

129

NZEO

280 (71.2)

207 (78.4)

73 (56.6)

Māori

54 (13.7)

42 (15.9)

12 (9.3)

Pacific

9 (2.3)

6 (2.3)

3 (2.3)

Asian

50 (12.7)

9 (3.4)

41 (31.7)

NZ Deprivation Index2

393

264

129

Low

152 (38.7)

106 (40.1)

46 (35.7)

Medium

160 (40.7)

106 (40.1)

54 (41.9)

High

81 (20.6)

52 (19.8)

29 (22.5)

Weight, kg (Mean ± SD)

349

67.3 ± 13.5

240

66 ± 12.7

109

70.2 ± 14.9

Height, cm (Mean ± SD)

350

168.7 ± 7.9

241

165.8 ± 6.5

109

175.7 ± 7.2

BMI, z-score (Mean ± SD)

349

0.6 ± 1.0

240

0.7 ± 0.96

109

0.4 ± 1.1

Underweight

1 (0.3)

0 (0.0)

1 (0.9)

Healthy

230 (65.9)

157 (65.4)

73 (66.9)

Overweight

86 (24.6)

57 (23.8)

29 (26.6)

Obese

32 (9.1)

26 (10.8)

6 (5.5)

Dietary Habit

394

265

129

Vegetarian

25 (6.3)

21 (7.9)

4 (3.1)

Vegan

8 (2.0)

7 (2.6)

1 (0.8)

361 (91.6)

237 (89.4)

124 (96.1)

Omnivore

2

Abbreviations: SD, Standard deviation, BMI, body mass index (kg/m ); NZEO, New Zealand
European/Other
1
Data are presented as percentage unless otherwise indicated
2
NZ deprivation index was based off categories reported in 2018 with low levels of deprivation=13, moderate levels of deprivation=4-7, high levels of deprivation=8-10 (79)
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Table 3. Dietary intake of energy and vitamin B12 by socio-demographic characteristics for female and male participants
All
Characteristic1

n

Females

Energy (MJ)

Vitamin B12 (μg)

Mean ± SD

Median (IQR)

n

Prevalence of vitamin B12
inadequacy4

Males

Energy (MJ)

Vitamin B12 (μg)

Mean ± SD

Median (IQR)

Energy (MJ)

Vitamin B12 (μg)

All

Males

Mean ± SD

Median (IQR)

(%)

(%)

(%)

Females

Ethnicity

337

NZEO

245

8.6 ± 2.2

2.8 (2.2-3.6)

188

8.0 ± 1.8

2.6 (2.1-3.2)

57

10.4 ± 2.6

4.0 (2.9-5.2)

18.0

20.7

12.3

Māori

45

7.8 ± 1.7

2.6 (1.8- 3.5)

38

7.6 ± 1.3

2.4 (1.8-3.3)

7

9.0 ± 2.9

3.7 (2.4-5.6)

26.7

28.9

14.3

Pacific

9

11.7 ± 7.0

3.9 (2.7- 4.7)

6

9.4 ± 2.3

3.6 (2.1-4.2)

3

16.2 ± 11.8

4.4 (4.1-9.3)

11.1

16.7

0.0

Asian

38

8.5 ± 2.3

3.0 (2.3- 4.5)

9

7.3 ± 2.4

2.0 (1.9-2.5)

29

8.9 ± 2.2

3.5 (2.7-4.9)

13.2

33.3

6.9

NZ Deprivation Index2

241

n

338

96

242

96

Low

128

8.3 ± 2.2

2.7 (2.2-3.4)

97

7.9 ± 1.9

2.4 (2.0-3.2)

31

9.7 ± 2.5

3.6 (2.7-4.7)

16.4

21.6

0.0

Medium

141

8.8 ± 2.2

2.9 (2.2-3.7)

100

8.2 ± 1.6

2.6 (2.1-3.3)

41

10.2 ± 2.8

3.8 (3.0-5.4)

17.0

20.0

9.8

69

8.5 ± 3.4

3.0 (1.8- 3.9)

45

7.5 ± 1.8

2.4 (1.8-3.2)

24

10.2 ± 4.7

3.8 (2.1-4.9)

29.0

33.3

25.0

High
BMI3

328

Underweight &
Healthy

215

8.6 ± 2.1

2.8 (2.2-3.6)

157

8.1 ± 1.8

2.5 (2.0-3.2)

58

9.9 ± 2.4

3.7 (2.8-5.2)

18.6

20.4

12.1

Overweight

82

8.7 ± 3.4

2.9 (2.2-3.9)

57

7.7 ± 1.7

2.6 (1.8-3.3)

25

11.1 ± 4.9

4.5 (3.6-5.7)

19.5

26.3

4.0

Obese

31

8.4 ± 2.2

2.8 (2.0-3.7)

26

7.8 ± 1.4

2.7 (1.8-3.4)

5

11.5 ± 2.9

3.9 (2.8-5.7)

22.6

26.9

0.0

240

88

Dietary Habit

338

Vegetarian

23

8.1 ± 1.5

2.4 (1.5-3.0)

19

7.8 ± 1.1

2.2 (1.4-2.9)

4

9.9 ± 1.7

3.0 (2.9-5.2)

34.8

42.1

0.0

6

8.6 ± 1.4

1.0 (0.7-1.5)

5

8.5 ± 1.5

1.2 (0.8-1.7)

1

9.2

0.7

83.3

80.0

100

309

8.6 ± 2.5

2.9 (2.2- 3.7)

218

8.0 ± 1.8

2.6 (2.1-3.3)

91

10.0 ± 3.3

3.8 (2.8-5.1)

16.8

20.2

9.9

Vegan
Omnivore

242

96

Abbreviations: BMI, body mass index (kg/m2); NZEO, New Zealand European/Other; EAR, estimated average requirement, SD; standard deviation, IQR; interquartile range
1
Data are presented as Mean ± SD and Median (IQR) and percentage unless otherwise indicated
2
NZ deprivation index was based off categories reported in 2018 with low levels of deprivation=1-3, moderate levels of deprivation=4-7, high levels of deprivation=8-10 (79)
3
BMI categories: Underweight & Healthy: <24.9kg/m2, Overweight: 25-29.9kg/m2, Obese: >30kg/m2
44
Using the EAR cutpoint method (< 2.0 μg/day)
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Table 3 shows the mean (SD) energy intake and median (IQR) vitamin B12 intake and
prevalence of inadequacy of female and male participants by socio-demographic
characteristics. Of the 242 female participants that completed a 24-hour recall, the
median (IQR) vitamin B12 intake was 2.5 (2.0-3.2) μg/day and the mean (SD) energy
intake was 8.0 (1.8) MJ/day. Of the 102 male participants that completed a 24-hour
recall, both the median (IQR) vitamin B12 intake and mean (SD) energy intake were
higher than females at 3.8 (2.9-5.3) μg/day and 10.1 (3.2) MJ/day, respectively.
Pacific female and male adolescents had the highest median vitamin B12 intake
at 3.6 μg/day and 4.4 μg/day, respectively, compared to NZEO, Māori and Asian
adolescents. In addition, Pacific female and male participants had the largest energy
intake compared to their NZEO, Pacific and Asian counterparts.
Female participants in the medium NZ deprivation index category had the
highest median vitamin B12 intake and mean energy intake at 2.6 μg/day and 8.2
MJ/day, respectively, compared to female participants in the low and high category.
Meanwhile, male participants in the medium and high NZ deprivation index category
had higher median vitamin B12 intake and mean energy intake at 3.8 μg/day and 10.2
MJ/day, respectively, compared to those in the low category.
For females, those classified as obese had a slightly higher median vitamin B12
intake at 2.7 μg/day than underweight, healthy and overweight categories whereas
males in the overweight category had the highest median vitamin B12 intake at 4.5
μg/day in comparison to the other categories. Females in the underweight & healthy
category had the highest mean energy intake at 8.1 MJ/day compared to other
categories, while males in the obese category had the highest mean energy intake at
11.5 MJ/day.
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Meat eating participants had the highest vitamin B12 intake compared to vegetarian
and vegan participants for both female and male participants at 2.6 μg/day and 3.8
μg/day, respectively.
Prevalence of inadequate intake
Of the 344 participants who completed a 24-hour recall, 19.1% (66) appeared to have
an inadequate vitamin B12 intake of below 2.0 μg/day. Prevalence of inadequate
vitamin B12 intake was higher in female participants at 22.6% (55 of 242) compared to
10.8% (11 of 102) of male participants.
Pacific male participants, males in the low deprivation category, obese
category and males who identified as vegetarian showed adequate vitamin B12
intakes. Whereas, all categories for females had a prevalence of greater than 15% for
inadequate vitamin B12 intakes below 2.0 μg/day. Asian female participants, females
in the high deprivation category, obese category and females who identified as vegan
had the highest prevalence of inadequate vitamin B12 intake.
Of significant note, 80.0% (4 of 5) of female vegan participants and the one
male vegan participant had vitamin B12 intakes below 2.0 μg/day. Meanwhile, among
vegetarian female participants, 42.1% (8 of 19) showed inadequate vitamin B12 intake.
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Table 4. Main food sources of vitamin B12 for female and male participants and
proportion of participants consuming each food group
Females

Proportion of
participants
consuming each
food group

B12 %
(95% CI)

%

B12 %
(95% CI)

%

12.5
(10.3-14.8)

60.2

21.0
(17.2-24.8)

75.5

Beef and veal

8.5
(6.2-10.8)

24.2

9.5
(5.9-13.1)

27.5

Poultry

7.3
(5.7-8.9)

48.0

10.0
(6.6-13.4)

55.9

Grains and pasta

7.7
(5.6-9.8)

35.2

5.9
(3.7-8.1)

28.4

Bread-based dishes

7.7
(5.5-9.8)

11.1

6.7
(3.6-9.9)

12.7

Fish and seafood

5.9
(3.8-7.9)

17.2

7.6
(4.3-10.9)

20.6

Cheese

7.4
(5.9-9.0)

50.0

4.9
(3.2-6.7)

49.0

Egg and egg dishes

7.1
(5.2-9.0)

25.4

4.8
(3.1-6.6)

31.4

Sausages and
processed meat

4.2
(2.6-5.7)

20.5

5.1
(3.0-7.2)

33.3

Dairy products

4.9
(3.5-6.3)

40.1

3.0
(1.9-4.1)

34.3

Non-alcoholic
beverages

3.5
(1.9-5.1)

18.0

4.1
(1.1-7.1)

13.7

Savoury sauces and
condiments

4.6
(3.0-6.3)

47.5

2.8
(1.6-3.9)

37.3

Pies and pastries

2.5
(1.4-3.6)

14.3

3.6
(1.5-5.6)

17.6

Pork

2.4
(1.6-3.1)

30.3

2.6
(1.3-3.8)

37.3

Cakes and muffins

2.8
(2.0-3.5)

37.3

1.5
(0.6-2.3)

19.6

Food group1

Milk

Males

Proportion of
participants
consuming each
food group

1

Data are presented as percentage and 95% confidence interval unless otherwise indicated
Abbreviations: CI, confidence interval
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The 15 main food group contributors of vitamin B12 for both female and male
participants are outlined in Table 4 . Milk was the largest contributing source of vitamin
B12 for both female and male participants followed by beef and veal, grains and pasta
and bread-based dishes for females and poultry, beef and veal for males. Other food
groups that contributed to vitamin B12 intake not included in this table are breakfast
cereals, biscuits, puddings and desserts, butter and margarine, other meat,
potato/kumara/taro, vegetables, soups and stocks, supplements providing energy and
snack bars.
Main food sources for Māori and Pacific participants
The main food group contributors of vitamin B12 differed across ethnic groups for male
and female participants (data not shown). For Māori female adolescents, the largest
food group contributors of vitamin B12 were milk at 14%, bread-based dishes at 10.1%,
poultry at 9.4% and grains and pasta at 7.1%. Meanwhile, for Māori male adolescents,
pies and pastries provided the largest amount of vitamin B12 at 19% followed by nonalcoholic beverages at 17.6%, milk at 15.5% and poultry at 7.7%.
A large proportion of vitamin B12 came from lamb and mutton (20.9%) for Pacific
female participants followed by milk (14.6%), cheese (12.6%) and beef and veal
(11.1%). Whereas, the main sources of vitamin B12 for Pacific male participants were
bread-based dishes (45.6%), fish and seafood (19.5%), poultry (18.4%) and cheese
(7.1%).
Main food sources for participants in all deprivation categories
Milk was the largest contributor of vitamin B12 for both females and males in all low,
medium and high deprivation categories ranging between 12.0-24.9%. For females in
the low deprivation category, milk was followed by grains and pasta (8.6%) and poultry
(8.5%) compared to bread-based dishes (12.0%) and beef and veal (7.8%) for females

34

in the high deprivation group. For males, poultry (13.1%) and beef and veal (10.7%)
closely followed milk in low deprivation groups compared to fish and seafood (12.1%)
and poultry (11.8%) in participants residing in high deprivation neighbourhoods.
Main food sources for vegetarian and vegan participants
For female vegetarians, the main food group contributors of vitamin B12 were milk at
14.4%, grains and pasta at 13%, bread-based dishes at 10.8% and savoury sauces
and condiments at 10.4%. For male vegetarians, milk was also the largest source of
vitamin B12 at 33.5%, followed by cheese at 11.5%, sausage and processed meat at
9.1% and soups and stocks at 7.5%.
Interestingly, the largest contributing sources of vitamin B12 to female vegan
participants were dairy products (48.5%), savoury sauces and condiments (38.6%),
vegetables (5.5%) and cakes and muffins at (3.5%). Meanwhile, potatoes, kumara and
taro provided 78.9% of vitamin B12 for the one male vegan as well as savoury sauces
and condiments at 21.1%.
Proportion of participants consuming each food group
The proportion of participants consuming each food group are also shown in Table 4.
Overall, milk was consumed in the highest proportion for both female and male
participants. In addition to the results shown in this table, the type of milk being
consumed for female participants was cow’s (76.3%) and plant milk (soy, rice, almond,
coconut) (23.7%). For males, 94.2% reported drinking cow’s milk with only 5.8% of
males drinking plant-based milk.
Interestingly, while beef and veal was the second leading contributor of vitamin
B12 for both female and male participants, it was only consumed by around a quarter
of participants (24.2% and 27.5%, respectively).
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Supplement use
Vitamin B12 supplement data was collected separately to dietary vitamin B12 intake.
Overall, 22.7% participants (91 of 401) reported use of a supplement within the last
12 months however, only 27.5% (25) of these supplements contained vitamin B12.
Supplement users were more likely to be female, with 28.2% (75 of 266) of females
reporting use of a supplement within the last 12 months compared to only 11.8% (16
of 135) of males. Similarly, female participants appeared slightly more likely to be
consuming a vitamin B12 supplement (6.8%) (18 of 266) than male participants (5.2%)
(7 of 135).
Nearly all vegan female participants reported taking a vitamin B12 supplement
at least once within the last 12 months (85.7%; 6 of 7). Compliance consisted of 66.7%
(4 of 7) taking the supplement daily, 16.7% (1 of 7) regularly for a limited time and
16.7% receiving a vitamin B12 injection every 6 months. In addition, 21.1% (4 of 19) of
female vegetarian participants and 3.4% (8 of 218) of female omnivore participants
reported currently taking a vitamin B12 supplement.
All vitamin B12 supplement use for males came from meat eating participants
taking it either daily (57.1%; 4 of 7) or more than once a week (42.9%; 3 of 7) with
doses ranging from 2 – 50 μg. In contrast to female vegetarians and vegans, male
vegetarian and vegan participants did not report use of any vitamin B12 containing
supplement.
Vitamin B12 intake from food sources alone were adequate in 68.4% (13 of 19)
of participants who completed a 24-hour recall and reported vitamin B12 supplement
use while 31.6% (6 of 19) had vitamin B12 intakes below 2.0 μg/day from food sources
alone. The participants with inadequate dietary intake of vitamin B12 but taking a
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vitamin B12 supplement were all female with four of 6 following a vegan dietary pattern,
one being vegetarian and one being omnivore.
In addition, among females, vitamin B12 supplement users had higher
prevalence of inadequate vitamin B12 intake from food sources alone compared to nonusers of vitamin B12 supplements (40.0% vs. 21.8%). Whereas, among males, vitamin
B12 supplement users had lower prevalence of inadequate vitamin B12 intake from food
sources compared to non-users of vitamin B12 supplements (0% vs. 8.1%).
Separate to supplement use, 15.6% (21 of 102) of males reported using whey
protein powder at some stage as well as 2.6% (7 of 242) of females.
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6. Discussion
The present study is the first survey, to our knowledge, in over 10 years to assess
dietary vitamin B12 intake of New Zealand adolescents. Findings from the study
concluded that vitamin B12 intakes were largely adequate with the majority of
participants achieving their recommended daily requirement (2.0 μg/day) (25).
Nonetheless, female participants and those who identified as vegetarian or vegan had
a lower intake of vitamin B12 and higher prevalence of inadequacy. Despite the rise in
popularity of plant-based diets, milk remained the largest source of vitamin B12 among
study participants albeit this food group category included plant-based milk (82).
In comparison to the nationally representative 2008/09 ANS which used a
similar dietary assessment method, results from the present study showed lower usual
dietary vitamin B12 intakes for both females and males compared to their similar aged
ANS counterparts (16). For example, the median intakes of males from the present
study was 3.8 µg/d compared to 4.4 µg/d among males reported in the ANS (16).
Likewise, median vitamin B12 intake in females was nearly 1 µg/d lower in the present
study compared to the ANS (16). Similarly, other countries’ national nutrition survey
data showed higher vitamin B12 intakes in adolescents compared to our findings,
including those from the most recent AHS (33,35,39,44). The reason for these
differences are unclear however, we purposively sampled vegetarian and vegan
participants in the recruitment of females with results clearly demonstrating lower
vitamin B12 intakes among this lifestyle group. In addition, a shift in dietary patterns
away from vitamin B12-rich animal-based foods may have occurred since the last
survey as evident by a dietary pattern shift toward increasing consumption of plantbased alternatives (17,67,70,71).
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Despite changes in dietary patterns, main food group contributors to vitamin B12
intakes in this present study ranked similar to the ANS and other studies with milk
being the largest food group contributor (16,33,35,43–45,54,66,67). For male
participants, milk contribution to vitamin B12 intake was 5% larger in the present study
compared to the results of the ANS and 3% lower for females (16). In contrast, the
contribution of milk to vitamin B12 intake among adolescents in the AHS, the UK NDNS
and a European study were substantially larger (ranging from 32-37%) for males and
females than the present study (21% for males and 12.5 % for females) (33,35,83).
These findings are somewhat surprising given the high frequency of milk consumption
among participants in the present study, i.e., consumed by 60% of females and 76%
of males. However, in addition to dairy milk, plant-based milk, selected as a generic
unfortified vitamin B12 food item, was included in this food group category. In the
present study, plant-based milk consumption was higher among female participants
(24% of overall milk consumption) compared to male participants (6%). All female
vegans and nearly 40% of vegetarians were consuming plant-based milk including,
nearly 20% of omnivore female participants. While many plant-based milks are fortified
with vitamin B12, we were unable to distinguish the contribution of vitamin B12 to dietary
intake from plant-based milk compared to cow’s based milk or other animal source
milk.
In regards to other food group contributors of vitamin B12, beef and veal were
ranked as the second largest source, similar to findings for both females and males in
the ANS (16). In contrast, beef and veal were considerably higher contributors of
vitamin B12 in the AHS than the present study (23-27% compared to just below 10%,
respectively) (33). Again, this could be explained by differences in dietary patterns as
the frequency of beef and veal food group consumption was one of the lowest, with
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only one-quarter of both female and male participants reporting intake of this food
item (76).
Interestingly, for both Māori male participants and all Pacific participants, milk
was not their largest source of vitamin B12. A previous study on New Zealand
adolescents has observed similar results where these groups had higher intakes of
meat products and bread and lower intakes of milk (84).
The present study also found that usual vitamin B12 intakes differed across
socio-demographic categories with the strongest contrast between vegan and
omnivore dietary groups. Therefore, this finding supports previous studies findings that
omitting animal products from the diet without appropriate fortified alternatives or
supplementation can result in inadequate dietary vitamin B12 intake (14,24,29,61,85).
Participants who identified as vegan displayed the greatest risk of inadequate dietary
vitamin B12 intake (83.3%), followed by female vegetarians (42.1%).
It is important to note that although participants self-identified as vegetarians,
results of the diet recalls show that many of these male participants who identified as
vegetarians were consuming beef and veal, pork, poultry and processed meat. This
may have contributed to the overall finding of male vegetarians having an adequate
vitamin B12 intake. Additionally, six of 19 female vegetarians were consuming beef and
veal, fish and seafood, poultry, sausage or processed meat; while three of the five
female vegans reported consuming dairy products, and another reported a small
intake of sausage and processed meat. Despite this, vitamin B12 intake of these
participants was still found to be low.
Several other differences in usual vitamin B12 intake were apparent among
subgroups including lower risk of inadequacy in males (10.8%) compared to females
(22.6%) similar to that of the ANS and other studies (10,16,22,24,33,35,44,48–53).
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Although it is widely recognised that males typically have greater energy intakes than
females and therefore, more likely to obtain a wider range of nutrients, it is unknown
how the country-wide COVID-19 lockdown period affected males eating patterns
(24,50,51,53–56). The present study also showed that Pacific male and female
adolescents had both the largest energy and vitamin B12 intakes in comparison to their
NZEO, Māori and Asian counterparts. These findings however, may not be a true
reflection of intakes due to the small sample size of Pacific adolescents.
With regard to supplement use, the present study reported similar findings to
studies in Australia, Europe and the US, whereby supplement users were more likely
to be female, vegetarian or vegan (10,16,33,48,57). However in comparison, our
results showed a higher prevalence of use of vitamin B12 supplements in female
vegetarians and vegans and lower use in male vegetarians and vegans. These
findings may be as a result of purposefully recruiting more female vegetarians and
vegans than male. Nonetheless, the present study was unable to draw conclusions as
to whether risk of inadequate vitamin B12 intake was attenuated for vegan participants
who reported use of a vitamin B12 containing supplement (11–13,48,57,60–63). Aside
from one vegan participant, the female vegan participants who reported use of vitamin
B12 supplement and completed a 24-hour recall did not report the brand or the amount
they were taking. Therefore, it is unknown whether the supplement compensated for
low dietary intake.
A number of strengths and limitations were present in the study. The use of two
24-hour recalls allowed for the adjustment of usual dietary intakes (86,87). Moreover,
the use of the multiple-pass method allowed for minimization of the risk of
underreporting which is a common problem among adolescents (86,88). Likewise,
conducting one 24-hour recall on a weekday and the other on a weekend day further
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accounted for intraindividual variation as adolescent’s energy intake tends to increase
in the weekend (86,88,89). However, the lack of detail on vitamin B12 fortified plantbased milk and meat alternatives and vitamin B12-containing supplements may have
underestimated usual intakes and the contribution of food groups to vitamin B12
intakes. In addition, dietary vitamin B12 intake does not reflect an individual’s status
(38). Therefore, a blood sample alongside dietary intake would be optimal to draw
conclusions on whether participants with suboptimal vitamin B12 intake were also
deficient (90). Existing evidence suggests that a daily intake of 4-7 μg/day appears
adequate to maintain body vitamin B12 status in adolescents (20,54).
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6.1 Conclusion
This study provides an important contribution to evidence regarding dietary vitamin
B12 intake among New Zealand adolescents. For adolescents that do not consume
animal products, it is recommended that appropriate guidance is given to encourage
increased consumption of fortified foods or daily supplementation. As milk was the
largest food source contributor for the majority of socio-demographic groups, it is
suggested that adolescents continue to include this in their diet or ensure the plantbased alternative is fortified. Future studies should examine vitamin B12 adequacy,
based on a nationally representative sample together with a blood sample to confirm
vitamin B12 status as seen in previous studies.
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7. Application of Research to Dietetic Practice
Findings from the present study support previous work indicating that dietary vitamin
B12 intake is more likely to be insufficient in population groups such as adolescents
who have lower consumption of foods of animal origin (14,24,29,61,85). Therefore,
this research process has reinforced the importance of clinical dietetic practice to
ensure individuals that choose to omit animal products are educated on how to
sufficiently obtain enough vitamin B12 from other sources (milk, dairy products, eggs,
fortified; plant milks, tofu, yeast based spreads, soy-based meat alternatives and
supplements) to meet nutrition requirements. Similarly, it has reinforced the
importance of providing advice on how to ensure any diet is nutritionally adequate with
all

other

macro

and

micronutrients

for

individuals

with

other

dietary

preferences/requirements.
Observing the increased prevalence of plant-based milk consumption
particularly in females, has reiterated the importance of ensuring these alternatives
are fortified when working in dietetic practice. Participants who reported consumption
of plant-based milks were spread across all dietary groups, therefore, clarifying with
all clients what milk they consume is essential. It can be anticipated that prevalence
of plant-based milk consumption is going to increase in the future (91).
In regard to public health, this research process has consolidated the
importance of conducting regular national nutrition surveys. With the everchanging
dietary patterns and shift away from animal products, national nutrition surveys
provide a way of monitoring these trends and their impact on nutrition for not only
adolescents but all population groups (92). As the emerging plant-based alternatives
are voluntarily fortified with at-risk nutrients (including vitamin B12), without monitoring,
prevalence of inadequate intakes could increase and also go unnoticed. Therefore,
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regular national nutrition surveys will allow for assessment of any impact on nutrient
status, particularly for vulnerable population groups (92). If required, these findings
can then be used to implement mandatory fortification to minimize risk of any nutrient
deficiencies (92).
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Appendix A: Table of studies worldwide that assessed vitamin B12 intake
Author and Country
n
Age
Methods/study
Date
design

Measurement
of vitamin B12

New
Zealand

Estimated intake

Main food
sources

EAR: 2.0μg/day

Ministry of
Health,
2011.

New
Zealand

4721 in
>15
total
with 696
adolescents
(aged 1518 years)

Cross-sectional
study (multi-stage,
stratified,
probabilityproportional-to-size
sample design)
Recruited by
selecting one
participant from a
sample of dwellings
from 607 mesh
blocks.

24-hour
recall, Dietary
habits
questionnaire

Male (15-18
years): 4.6 μg/day
Female (15-18
years): 3.7 μg/day

Milk, breadbased dishes,
beef and veal,
poultry

Mearns G,
2017.

New
Zealand

60

Cross-sectional
study. Recruited in
Auckland through
flyers and media.

Validated
nutrientspecific semiquantitative
Food
frequency
questionnaire
(FFQ)

Vegetarian: 1.6
μg/day Omnivore:
4.3 μg/day

Dairy, fortified
soy and rice
milk and eggs
for
vegetarian.
Dairy, red
meat and
eggs for nonvegetarian

18-50

62

Author and
Date

Country

n

Age

Methods/study
design

Measurement
of vitamin B12

Australia

Estimated intake

Main food
sources

EAR: 2.0 μg/day

Australian
Bureau of
Statistics,
2014.

Australia

20426

2-99 with
1258
adolescents
(15-19
years)

Cross-sectional
study. Recruited by
randomly selecting
dwellings.

24-hour recall

Males: 5.2 μg/day
Females: 3.7
μg/day

Milk, meat
products,
poultry, cereal
based
products

Gallagher
C, 2014.

Australia

1754

17

Cross-sectional
study. Participants
from the Western
Australian
Pregnancy Cohort
study.

FFQ

Median intake of
male and female
supplement
users: 7.4 μg/day
and 4.3 μg/day
Median intake of
male and female
supplement nonusers:
4.6 μg/day and
3.4 μg/day

Not assessed

Fayet F,
2013.

Australia

308

18-35

Cross-sectional
study. Recruited
females from
University Campus.

Meat, fish,
eggs, dairy
FFQ

3.3 μg/day

63

Author and
Date

Country

n

Age

Methods/study
design

Measurement
of vitamin B12

UK

Estimated intake

Main food
sources

EAR: 1.25 μg/day

Public
Health
England,
2016.

UK

Derbyshire
E, 2017.

UK

Powers H,
2016.

UK

1-99

Cross-sectional
study.

24- hour
recall

Males: 4.7 μg/day
Females: 3.5
μg/day

Milk, meat
products,
cereal based
products, fish

1384 in
11-64
total with
439
adolescents
(11-18
years)

Cross-sectional
study. Sample from
the National Diet
and Nutrition
Survey (NDNS)
2008.

Consecutive
7-day
weighed
dietary
record.

Statistically
significant
difference in B12
intake between
meat eats (40-69
g/day) than <40
g/day

Not assessed

71

Randomised doubleblind, placebocontrolled intervention
trial. Females
recruited from
schools, colleges and
Universities in
Sheffield area.
Subjects assigned to
fortified cereal group
or unfortified cereal
group for 3 months.

4-day
weighed diet
record.

Unfortified cereal
Fortified and
consumers: 3.1
unfortified
μg/day precereal
intervention and 2.8
μg/day postintervention
Fortified cereal
consumers: 2.8
μg/day preintervention and 4.1
μg/day postintervention

16-19

64

Author and
Date
Kerr M,
2009.

Gibson S,
2003.

Country

UK

UK

n

Age

Methods/study
design

2127 in
4-18
total with
252
adolescents
(15-18
years)

Cross-sectional
study. Sample from
NDNS.

1688

Cross-sectional
study. Sample from
NDNS 1998

4-18

Measurement
of vitamin B12

Consecutive
7-day
weighed diet
record.

Estimated intake

Main food
sources

Males: 4.1 μg/day
Females: 3.3
μg/day

Not assessed

T1: lowest 33%
T2: middle 33%
T3: highest 33%

Breakfast
cereal

Males: T1: 3.8,
T2: 4.5, T3: 4.8
Females: T1: 3.1,
T2: 3.5, T3: 3.9
Davey G,
2002

UK

65429

20-97

Cross-sectional
study.

7-day
weighed diet
record and
FFQ

Omnivores: 7.25
μg/day Fish
eaters: 5.01
μg/day
Vegetarians: 2.57
μg/day Vegans:
0.41 μg/day

Not assessed

65

Author and
Date

Country

n

Age

Methods/study
design

Measurement
of vitamin B12

America

Estimated intake

Main food
sources

EAR: 2.0 μg/day

National
Centre for
Health
Statistics,
2016.

America

8519

1-99

Cross-sectional
study. Recruited
from dwellings, with
some subgroups
oversampled.

24-hour recall

Males: 5.9 μg/day
Females: 3.9
μg/day

Not assessed

Smith J,
2020.

America

2969

6 months17

Cross-sectional
study. Sample from
NHANES 2015-16.

24-hour recall
from
NHANES
2015-16
findings.

83.2% difference
between RTE
cereal eaters and
RTE cereal noneaters in B12
intake
(p<0.001)

Fortified
ready to eat
(RTE) cereal

Moore L,
2012

America

2379 total
9-20
with
2101
adolescents
(14-18
years)

Cross-sectional
study. Recruited
from the National
Growth and Health
study.

3-day
weighed diet
record.

9-13 years: 3.9
μg/day
14-18 years: 3.2
μg/day
19-20: 2.9 μg/day

Dairy, meats
and grains

EAR:
9-13 years: 1.5
μg/day
14-20; 2.0 μg/day

66

Author and
Date

Country

n

Age

Methods/study
design

Measurement
of vitamin B12

Estimated intake

Main food
sources

Nicklas T,
2012.

America

23083

>4

Cross-sectional
study. Sample from
collection of
NHANES between
1999-2004.

2x 24-hour
recall

Highest Lean,
Lowest Fat (HLLF)
Beef consumers:
6.4 μg/day
Middle-lean, middle
fat (MLMF): 5.4
μg/day
Lowest lean,
highest fat (LLHF):
4.4 μg/day
Non-beef
consumers: 4.9
μg/day

Beef

Bailey R,
2012.

America

7250 with
2-18
2601
adolescents
(14-18
years)

Cross-sectional
study. Sample from
NHANES 20032006

2x 24-hour
recall

Mean intake of
Not assessed
Male supplement
users: 7.2 μg/day
Mean intake of
Male non-users:
7.1 μg/day
Mean intake of
Female supplement
users: 4.5 μg/day
Mean intake of
Female non-users:
4.2 μg/day

Bor M,
2010.

America

299

Cross-sectional
study. Recruited
from Florida area.

Median intake of:
Diet history
questionnaire. Males: 5.2 μg/day

28-50

Females: 3.9
μg/day

Fortified foods,
seafood, dairy,
eggs, beef

67

Author and
Date

Country

n

Age

Methods/study
design

Measurement
of vitamin B12

Canada

Estimated intake

Main food
sources

EAR: 2.0 μg/day

Statistics
Canada,
2015.

Canada

~35000

1-99

Cross-sectional
study. Recruited
from randomly
selected dwellings
in ten provinces.

24- hour
recall

Females have
higher prevalence
of inadequate
intake of vitamin
B12 (15.8%)
compared to males
(1.7%)

Auclair O,
2019.

Canada

13616

>19

Cross-sectional
study. Sample from
CCHS 2015.

24-hour recall

Milk and milk
Milk and milk
products provided products
27.7% of total
vitamin B12
intakes.

Moubarac
J, 2017.

Canada

33694

>2

Cross-sectional
study. Sample from
CCHS 2004.

2x 24-hour
recall

Diets higher in
ultra-processed
foods: 1.4
μg/1000kcal
Diets lower in
ultra-processed
foods: 2.7
μg/1000kcal

Ultraprocessed
foods, fast
food dishes,
confectionary
Meat and
poultry, grains
and seeds

TagaultLafleur C,
2017.

Canada

4827

6-17

Cross-sectional
study. Sample from
CCHS 2004.

24-hour recall

During school:
1.33 μg/1000kcal
Outside of school:
2.04 μg/1000kcal

Grain
products,
milk, meat
and meat
alternatives

Milk and milk
products

68

Author and
Date

Country

n

Age

Methods/study
design

Measurement
of vitamin B12

Europe

Estimated intake

Main food
sources

EAR: 1.0 μg/day

Nebl J,
2019.

Germany

79

18-35

Cross-sectional
study. Recruited
from Hannover,
Germany from local
running events,
online running
communities, online
vegetarian and
vegan communities.

GallegoNarbon A,
2019.

Spain

103

18-50

Lederer A,
2019.

Germany

53

18-60

3-day
weighed diet
record.

Omnivore: 4.02
μg/day
Lacto-ovo
vegetarian: 2.49
μg/day,
Vegan: 0.79
μg/day

Omnivore:
Meat and
dairy products
Lacto-ovo
vegetarian:
Dairy
products
Vegan:
supplements

Cross-sectional
FFQ
study. Recruited
from Madrid through
media.

Significant
difference
between
supplement users
and nonsupplement users

Supplements,
milk and milk
alternatives,
cheese,
yoghurt and
eggs.

Randomized control
trial. Recruited from
newspapers.
Subjects assigned
to a meat rich diet
(>150g/day) or
vegan diet for four
weeks.

Omnivore: preintervention: 5.9
μg/day and postintervention: 8.5
μg/day
Vegan: preintervention: 4.8
μg/day and postintervention: 0.8
μg/day.

Vegan:
Fortified
foods and
supplements
Omnivore:
>150g of
meat and
meat
products/day

N/a.
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Author and
Date

Country

n

Age

Methods/study
design

Measurement
of vitamin B12

Estimated intake

Main food
sources

Iglesia I,
2018.
(Dietary
patterns)

Greece,
Germany,
Belgium,
France,
Hungary,
Italy,
Sweden,
Austria and
Spain.

2173

12.5-17.5

Cross-sectional
study.

2x 24-hour
recalls.

Males: 6.0 µg/d
Fish, eggs,
Females: 4.6 µg/d cheese, white
milk and
buttermilk

Dinu M,
2018.

Italy

118

~50

Randomized control
trial. Sample from
CARDIVEG study.
3-month
intervention with
vegan diet.

Food
questionnaire
and 3-day
weighed diet
record.

Males: preintervention: 4.4
μg/day and postintervention: 2.3
μg/day
Females: preintervention: 3.9
μg/day and postintervention: 1.8
μg/day

Not assessed

Partearroyo
T, 2017.

Spain

2009 total
9-75
with
211
adolescents
(13-17
years)

Cross-sectional
study. Participants
gathered from 128
sampling points
across Spain.

3-day
weighed diet
record.

Median intake of
males: 4.5 μg/day
Median intake of
females: 4.0
μg/day
Median intake of
adolescents: 3.9
μg/day

Milk and milk
products,
meat and
meat
products,
eggs fish and
shellfish.
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Author and
Date

Country

n

Age

Methods/study
design

Measurement
of vitamin B12

Estimated intake

Main food
sources

Manios Y,
2017.

Greece

600

9-13

Cross sectional
study. Participants
recruited from
primary schools
located in
municipalities within
the wider area of
Athens.

3x 24-hour
recalls.

Males: 2.7
μg/1000kj
Females: 2.44
μg/1000kj

Milk, cheese,
red meat and
cereal

Schupbach
R, 2017.

Switzerland 206

18-50

Cross-sectional
3-day
study. Recruited
weighed diet
from Lausanne and record.
Zurich areas by
advertisements in
schools, restaurants
and shops.

Omnivore: 4.1
μg/day
Vegetarian:
1.6 μg/day
Vegan: 0.2
μg/day

Not assessed

Alles B,
2017

France

18-90

Cross-sectional
study. Sample from
the Nutri-Net-Sante
Study 2009
(Prospective
observational
cohort).

Omnivore: 5.3
μg/day,
Vegetarian: 3.6
μg/day,
Vegan: 2.7
μg/day

Not assessed

93823

24-hour
recall.

.
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Author and
Date

Country

n

Age

Methods/study
design

Measurement
of vitamin B12

Estimated intake

Main food
sources

Seves S,
2017.

Holland

2102

19-69

Cross-sectional
study.

24-hour
recall.

No replacement
with plant-based
alternatives: 5.9
μg/day
30%
replacement: 5.3
μg/day
100%
replacement: 3.9
μg/day

Not assessed

Elorinne A,
2016

Finland

41

18-50

Cross-sectional
study. Vegans
recruited through
vegan association’s
monthly newspaper
and non-vegans
recruited through
media.

3-day diet
record.

Non-vegetarians:
8.7 μg/day
Vegans: 0.9
μg/day

Animal
products,
supplements,
fortified milks

Iglesia I,
2014.
SES)

Greece,
Germany,
Belgium,
France,
Hungary,
Italy,
Sweden,
Austria and
Spain.

2253

12.5-17.5

Cross-sectional
study

2x 24-hour
recalls.

Males: 5.98
μg/day Females:
4.54 μg/day

Not assessed
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Author and
Date

Country

n

Age

Methods/study
design

Measurement
of vitamin B12

Estimated intake

Main food
sources

Richter A,
2012.

Germany

1272

12-17

Cross-sectional
study. Sample from
the German Health
Interview and
Examination Survey
for Children and
Adolescents.

3-day diet
record and 1x
24-hour recall

Males: 0.6 μg/MJ
Females: 0.5
μg/MJ

Supplements,
animal
products, milk
and milk
products,
eggs

Steluti J,
2011.

Brazil

99

16-19

Cross-sectional
study. Recruited in
Indaiatuba area.

3-day diet
record.

4.45 μg/day

Not assessed

Serramarjem L,
2006.

Spain

3543
2-24
total with
497
adolescents
14-17
years)

Cross-sectional
study. Participants
recruited from
census.

FFQ and 2x
24-hour
recall.

Males: 8.9 μg/day
Females: 7.2
μg/day

Not assessed

Christel L,
2005.

Sweden

60

Cross-sectional
study. Recruited
through posters and
visits to schools in
Umea area.

2x diet
history.

Not specifically
stated but both
male and female
intakes in both
omnivore and
vegan groups were
above average
requirements when
dietary
supplements
consumed.

Supplements,
animal
products, milk
and milk
products

16-20
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Author and
Date

Country

n

Age

Methods/study
design

Measurement
of vitamin B12

Estimated intake

Main food
sources

India

68

18-50

Randomized control
trial. Recruited from
the Prune area in
India. 4-week trial of
2x daily doses of B12
as a capsule, 200ml
cow milk or buffalo
milk.

N/a.

1.5 μg daily in
supplement form
or in milk for four
weeks

Buffalo milk,
Cow’s milk,
supplement

Chakraborty India
S, 2018.

2403

11-17

Cross-sectional
study. Recruited from
a variety of urban and
rural schools in
Haryana.

2x 24-hour
recalls.

Median intake:
0.7 μg/d

Animal
products

Gupta A,
2017

India

215

6-18

Cross-sectional
study. Recruited from
ten clusters selected
in 3 regions; Kangra,
Kullu and Shimla. A
minimum of 7
subjects were
selected from each
cluster.

FFQ

Not measured.

Fish, poultry,
meat, eggs,
milk and milk
products.

Shridhar K,
2014.

India

Cross-sectional study.
Sample from the
Cardio-vascular
Disease Risk Factor
Study.

FFQ

India
Mahalle N,
2019.

6555

18-75

Prevalence of
inadequate intake
(7.4%) among
school aged
children.

Omnivores: 3.6
μg/d
Vegetarians: 1.2
μg/d

Not assessed
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Author and
Date

Country

n

Age

Methods/study
design

Measurement
of vitamin B12

Estimated intake

Main food
sources

Aounallah
Skhiri H,
2011.

Tunisia

1019

15-19

Cross-sectional
study. Recruited
from three regions;
District of Tunis,
Middle Eastern
region and rural
Middle Eastern
region.

FFQ

Males: 2.4
μg/1000kcal
Females: 2.4
μg/1000kcal

Meat and fish

MacKeown
J, 2007.

South
Africa

143

10 & 13

Longitudinal study.
Participants based
off a representative
proportional sample
size from the 1994
census.

FFQ

Increased from
2.3 μg/day to 2.8
μg/day over the 3
years.

Not assessed

Africa

West Asia
Mirzaeian
S, 2013.

EAR: 2.0μg/day
Iran

100

18-24

Cross-sectional
study. Recruited
from Isfahan
University of
Medical Sciences,
Iran.

2x 24-hour
recalls

1.5 μg/day

Fortified
foods,
seafood,
dairy, eggs,
beef
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Appendix B. Literature review methodology
A literature search was conducted on Scopus and Ovid databases using the
following terms; vitamin B12 OR cobalamin, adolescent, youth OR teenager, food,
food sources OR intake, vitamin B12 AND adolescent, vitamin B12 AND intake AND
adolescents. The results from these searches were then assessed for relevancy
to vitamin B12 intake of adolescents (or other age groups) and studies that
assessed blood vitamin B12 concentration only were filtered out. Studies were also
searched for in the references of other studies.
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Appendix C. Questionnaire questions for both male and female participants

Thank you for showing an interest in this project. Please read the information about SuNDiAL
project carefully. This can be found on our website www.otago.ac.nz/sundial. Take time to think
about it and talk with family or friends before you decide whether to take part or not. If you
decide to take part we thank you. If you decide not to take part that won’t disadvantage you and
we thank you for considering it.

Who are we seeking to take part in the project?
We are looking for female high school students who are 15 to 18 years old. To be eligible to take
part, your high school must have agreed to take part in the study, you must speak and understand
English, and be able to complete the questionnaires.
If you take part, what will you be asked to do?
If you agree to take part in this study you will be asked to do three things:
1) Complete an online questionnaire with three parts to it: (i) health & demographics; (ii) why you
choose the food you eat; and (iii) your dietary habits.
2) Attend a session at your school with our research team. This visit will take about 60 minutes and you
will be asked to recall the food and drink you've consumed over the last day. You will also have your
height, weight, and length of your lower arm measured. These measurements will be done twice to make
sure they are as accurate as possible. This will be done in a private space and you may ask for the
measurements if you want them.

3) In the next week or two we'll ring or video call you to do a second food and drink recall.

Any questions?
Contact Jill (ph 03 479 5683) or Meredith (ph 03 479 8157) or email us on: sundial@otago.ac.nz
This study has been approved by the University of Otago Human Ethics Committee
(Health). If you have any concerns about the ethical conduct of the research you may
contact the Committee through the Human Ethics Committee Administrator (phone +64 3
479 8256 or email gary.witte@otago.ac.nz). Any issues you raise will be treated in
confidence and investigated and you will be informed of the outcome.

Electronic consent
Click on the “agree” button below if:

You have read the information about the study
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You have had all your questions answered about the study and understand that you can ask for more information at
any stage
You know that when the project is completed all personal information that could be linked to you will be removed
from the paper records and electronic files for the project, and that these will be placed in secure storage and kept
for at least ten years.
You are a young woman who is 15 to 18 years old and isn’t pregnant
You know you can pull out of the study anytime before it finishes in October 2019.

If you don’t want to take part in the SuNDiAL project, please click on the “disagree” button.

AGREE
DISAGREE
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What age are you as of today?

15
16
17
18
None of the above

What high school do you attend?

Tauraroa Area School
Mt Maunganui College
Spotswood College
St Catherine's College
Waimea College
Hornby High School
Columba College
Kaikorai Valley College
Wellington Girls College
Queens High School
Mt Aspiring College
Whangarei Girls' High School
Kapiti College
Bayfield High School
None of the above

If none of the above:

Facebook
Newspaper Advertising
Other

Have you joined our study through another means
(Facebook, newspaper advertising etc)? Please
indicate how you found out about the SuNDiAL study.
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Electronic consent
Click on the "AGREE" button below if:
- You have read the information on the website
- You want to take part in these parts of the study
If you don't want to take part in these parts of the study, please click on the "DISAGREE" button.
BLOOD SAMPLE:
We would like you to provide a blood sample (which would be collected by someone with extensive training in how to
collect blood), but we understand that not everyone feels comfortable about this so it is entirely up to you if you do
this. If you do provide a blood sample, we can tell you whether you're iron deficient or not. You can still take part in
the rest of the study even if you don't do this bit.
Click on the agree button below if:
You understand the risks of discomfort involved in providing a blood sample
AGREE
DISAGREE
Please click here if you want your samples disposed of with a Karakia (Māori Prayer)
Yes
No
URINE SAMPLE:
We would also like you to give a urine sample ("pee or wee") - which is easy for you collect yourself with the
equipment we give you. You can still take part in the rest of the study even if you don't do this bit.
Click on the 'AGREE' button below if:
AGREE
DISAGREE
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ACCELEROMETER:
We would also like you to wear a small red box called an accelerometer on an elastic belt 24 hours a day for seven
days. This will tell us how much time you spend sitting down, moving around, and sleeping. If you choose to wear
the accelerometer you will be asked to complete a little diary about the times your took the device off, and what time
you went to bed each night on the days that you wear it.
One of our research team will return to your school the week after this visit to collect the accelerometer. You can still
take part in the rest of the study even if you don't do this bit.
AGREE
DISAGREE
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What is your first name?

What is your last name?

What is your date of birth?

Age

Phone number (mobile would be best - so we can text
you reminders)
What is your email address?
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Street address:

Suburb:

City:

Post code:

Is this your home address?

Yes
No

If no, please put your home address:

Do you live at this address during school term?

Yes
No

Do you live in a boarding house during school term?
(Don't include private boarding)

Yes
No

Please put the name and/or address of the boarding
house
(number & street, suburb, city, postcode)
What is the address that you live at during school
term?
(number & street, suburb, city, postcode)
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If you know your height, please write it here:

What unit is this measurement in?

centimetres
metres
feet and inches

If you know your weight (in kg) please write it here:
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Health and Demographic
Have you been diagnosed with diabetes?

Yes
No

If so, which type?

Type 1 diabetes
Type 2 diabetes
Don't know

Do you avoid eating gluten?

Yes
No

Have you been diagnosed with either coeliac disease
or gluten intolerance?

Yes - coeliac disease
Yes - gluten intolerant
No diagnosis but suspected intolerance or coeliac
No

Have you been diagnosed with a food allergy or
intolerance? (not gluten)

Yes
No

Which foods are you allergic or intolerant to?
(Select as many as apply)

Eggs
Dairy
Nuts
Shellfish
Other

Other: please specify

Are you vegetarian or vegan?

Yes
No

Which foods do you eat? (Select as many as apply)

Egg
Milk (not plant milk like soy milk)
Fish or seafood
Chicken or poultry
Meat/red meat occasionally
None of the above

Are you vegan?

Yes
No

How long have you been following this way of eating?

Less than a month
Between 1 and 6 months
Between 6 months and 1 year
Between 1 and 2 years
More than 2 years
My whole life
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How many times per week do you usually have a bowel
movement (poo)?
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Please look at the picture below and select the
number that corresponds to your usual and most
common stool type:

Type 1
Type 2
Type 3
Type 4
Type 5
Type 6
Type 7
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Which ethnic group do you belong to? (Mark those that
apply)

New Zealand European
Māori
Samoan
Cook Island Maori
Tongan
Niuean
Chinese
Indian
Other such as Dutch, Japanese, Tokelauan, please
state..

Other: please state

Please let us know which type of gift card you would
prefer:

New World
PaknSave

Thank you for enrolling in the SuNDiAL project!
What happens next?
We are now going to ask you to complete a questionnaire about why you eat the food you do. If you want to
complete it at a later time, please click the Save and Return button at the bottom of this page (don't forget to make a
note of your code so that you can return to this survey). Or, click the "Submit" button to continue.
You will also get an email and/or text to tell you when you can visit the SuNDiAL clinic at your school or the
Department of Human Nutrition to complete the other measurements.
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Attitudes and Motivations for Food Choice
Not at all important

A little important

Moderately important

Very important

Contains a lot of vitamins and
minerals
Helps me relax
Is cheap
Is what I usually eat
Has been produced in a way that
animals have not experienced
pain
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Not at all important

A little important

Moderately important

Very important

Is not forbidden in my religion
Has been prepared in an
environmentally friendly way
Is easy to prepare
Is low in calories
Smells nice
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Not at all important

A little important

Moderately important

Very important

Keeps me healthy
Makes me feel good
Has been produced in a way that
animals' rights have been
respected
Has been packaged in an
environmentally friendly way
Helps me control my weight
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Not at all important

A little important

Moderately important

Very important

Is familiar
Looks nice
Is easily available in shops and
supermarkets
Is high in fibre
Cheers me up
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Not at all important

A little important

Moderately important

Very important

Is not expensive
Has a pleasant texture
Is low in fat
Contains natural ingredients
Helps me cope with life
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Not at all important

A little important

Moderately important

Very important

Is in harmony with my religious
views
Is nutritious
Can be cooked very simply
Tastes good
Helps me cope with stress
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Not at all important

A little important

Moderately important

Very important

Takes no time to prepare
Contains no artificial ingredients
Is like the food I ate when I was
a child
Is high in protein
Is good value for money
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Not at all important

A little important

Moderately important

Very important

Can be bought in shops close to
where I live
Is good for my
skin/teeth/hair/nails etc
Has been produced in a way
which has not shaken the
balance of nature
Contains no additives
Keeps me awake/alert
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Please let us know how strongly you agree or disagree with the following statements about
eating meat:
Strongly
disagree

Disagree

Somewha
Neither
Somewha
t disagree agree nor
t agree
disagree

Agree

Strongly
agree

I would
prefer not
to answer

It is only natural to eat meat
It is necessary to eat meat in
order to be health
Not eating meat is socially
unacceptable
Meat is delicious
It is unnatural to eat an all
plant-based diet
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Please let us know how strongly you agree or disagree with the following statements about
eating meat:
Strongly
disagree

Disagree

Somewha
Neither
Somewha
t disagree agree nor
t agree
disagree

Agree

Strongly
agree

I would
prefer not
to answer

You cannot get all the protein,
vitamins and minerals you need
on an all plant-based diet
It is abnormal for humans not to
eat meat
Meat adds so much flavour to a
meal it does not make sense to
leave it out
Our human ancestors ate meat
all the time
Human beings need to eat meat
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Please let us know how strongly you agree or disagree with the following statements about
eating meat:
Strongly
disagree

Disagree

Somewha
Neither
Somewha
t disagree agree nor
t agree
disagree

Agree

Strongly
agree

I would
prefer not
to answer

Most people I know eat meat
The best tasting food is normally
meat based dish (e.g. steak,
chicken breast, grilled fish)
Human beings naturally crave
meat
A healthy diet requires at least
some meat
It is normal to eat meat
Meals without meat would just
be bland and boring
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Are you currently trying to do any of the following?

Lose weight
Stay the same weight
Gain weight
No, not trying to do anything about my weight

Have you followed any of these types of diet to try to lose weight or keep from gaining weight DURING THE PAST
YEAR?
Select ALL that you have tried:
Paleo
Low-fat
Low-carb
Low-sugar
Ketogenic
Vegetarian
Vegan
Gluten-free
Intermittent fasting (e.g. the 5:2 diet)
Time restricted eating (e.g. only eating between 10am and 7pm)
Mediterranean
Other (please specify)
If other, please specify:

Have you done any of the following to try to lose weight or keep from gaining weight DURING THE PAST YEAR?
Select ALL that you have tried:
Exercised
Skipped meals
Ate more fruit and/or vegetables
Used a food substitute (e.g. powder or special drink)
Made yourself throw up (vomit)
Ate very little food
Smoked cigarettes
Ate smaller portions of my usual food
Ate less sugary food or drinks
Ate less high-fat foods
Other (please specify)
If other, please specify:

At the moment do you feel that you are...
Very under weight
A bit under weight
About the right weight
A bit overweight
Very overweight
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How often do you usually brush your teeth?

More than 3 times a day
3 times a day
Twice a day
Once a day
3-6 times a week
1-2 times a week
Less than once a week
Less than once a month
Never

How often do you use dental floss?

More than 3 times a day
3 times a day
Twice a day
Once a day
3-6 times a week
1-2 times a week
Less than once a week
Less than once a month
Never

When you brush your teeth, how much toothpaste do you
use? (see image below)

I don't use toothpaste when I brush my teeth
A smear
A pea-sized amount
More than a pea-sized amount
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After you brush your teeth, do you:
Spit into the basin, then swallow (straightaway or later on)
Spit into the basin, rinse with water, and then spit into the basin again, then swallow (straightaway or later
on)
I don't spit into the basin
What brand of toothpaste do you use?

Colgate
Macleans
Aim
Oral B
Ecostore
Red Seal
Sensodyne
Other

If other, please specify:
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Do you take PE as a subject at school?

Yes
No

Do you play a school sport?

Yes
No

Do you play a sport out of school?

Yes
No

What is the most common way that you get to and from
school?

By car
By bus
Bike
Scooter/skateboard
Walk
Other (please specify)

If other, please specify:

Please add any comments you may have here:

What happens next?
We have one more online questionnaire for you to complete about your dietary habits. If you would like to take a
break, please click the "Save & Return Later" button (be sure to take note of your code so you can return to this
survey). Or, if you would like to continue, please click the "Submit" button.
You're nearly there!
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Dietary Habits Questionnaire

On average how many servings of fruit - fresh, frozen, canned or stewed - do you eat per day or per week?
Do not include fruit juice or dried fruit.
A serving is the same as a medium piece of fruit like an apple or two small pieces of fruit like two apricots, or half a
cup of stewed or canned fruit.
Never I don't eat fruit
Less than 1 serving a week
1 serving a week
2-4 servings a week
5-6 servings a week
1 serving a day
2 servings a day
3 servings a day
More than 3 servings a day
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On average how many servings of vegetables - fresh, frozen or canned - do you eat per day or per week?
Do not include vegetable juices.
A serving is the same as one potato, half a cup of peas or a cup of salad.
Never I don't eat vegetables
Less than 1 serving a week
1 serving a week
2-4 servings a week
5-6 servings a week
1 serving a day
2 servings a day 3
servings a day
More than 3 servings a day
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On average how often do you eat bread?
Include slices of bread, rolls, bagels, wraps, and gluten-free bread.
Never I don't eat bread
Less than once a week
Once a week
2-4 times a week
5-6 times a week
Once a day
Twice a day
3 times a day
More than 3 times a day
What type of bread, rolls or toast do you eat most of the time?
White
Wholemeal (brown colour)
Light grain - has some grains but soft to eat (eg honey grain)
Heavy grain - has some grains and a bit chewier (eg Vogels)
Other (please specify)
If Other, please specify:
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How often do you have milk (cow's milk or plant milk)?
I do not have any milk
Rarely
Monthly
2-3 times a month
Once a week
2-4 times a week 56 times a week
Once a day
More than once a day
What type of milk do you use the most of?
None
Cow's milk
Plant-based milk (eg soy, rice, almond, coconut)
Other (such as goat or sheep milk)
What kind of milk do you usually have?
Whole or standard milk (Dark blue or silver)
Reduced fat (light blue)
Skim or trim (green or yellow)
Other (please specify)
If Other, please specify:

What kind of milk do you usually have?
Regular
Lite
Sweetened or flavoured
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What type of spread do you use the most of?
None
Butter (including semi soft)
Margarine (eg Canola, Sunflower, Olive oil based, or table spread)
Other (eg avocado, cream cheese), please specify
I don't know
If other, please specify:

What type of fat or oil is used most often in cooking in your household?
None
Butter
Coconut oil
Margarine
Oil (eg Olive, Canola, or one in a bottle)
Dripping or Lard
I don't know
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More
than
once a
day

Once a
day

5-6
times a
week

2-4
times a
week

Once a
week

2-3
times a
month

Monthly

Rarely

I do not
eat
these

Almonds
Brazil
Cashew
Hazelnut
Macadamia
Peanut
Pecan
Pine nut
Pistachio
Walnut
Other
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How often do you eat nut butters?
More
than
once a
day

Almond butter

Once a
day

5-6
times a
week

2-4
times a
week

Once a
week

2-3
times a
month

Monthly

Rarely

I don't
eat this
type of
nut
butter

Cashew

butter
Hazelnut butter
Peanut butter
Walnut butter
Other
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More
than
once a
day

Once a
day

5-6
times a
week

2-4
times a
week

Once a
week

2-3
times a
month

Monthly

Rarely

I do not
eat this

Egg
Cow's milk
Dairy products excluding milk
(eg cheese, yoghurt - don't
include plant based)
Processed meat (eg ham, bacon,
sausages, luncheon, canned
corned beef, pastrami, salami)
Other red meat (including beef,
lamb, venison etc don't include
processed meat)
Pork
Poultry (including chicken,
turkey etc)
Fish
Other seafood/shellfish (eg
prawns, squid, crab)
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How often do you eat lentils, chickpeas, kidney beans or baked beans? (Don't include peas or peanuts)
I do not eat legumes
Rarely
Monthly
2-3 times a month
Once a week
2-4 times a week 56 times a week
Once a day
More than once a day
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How often do you eat tofu, tempeh and tofu products?
I do not eat these
Rarely
Monthly
2-3 times a month
Once a week
2-4 times a week 56 times a week
Once a day
More than once a day
How often do you eat vegetarian ingredients (like quorn, nut meat, vegetarian mince) that are used in other dishes?
I do not eat these
Rarely
Monthly
2-3 times a month
Once a week
2-4 times a week 56 times a week
Once a day
More than once a day
How often do you eat vegetarian sausages, nuggets, patties etc?
I do not eat vegetarian meat alternatives
Rarely
Monthly
2-3 times a month
Once a week
2-4 times a week 56 times a week
Once a day
More than once a day
How often do you eat vegetarian "meat alternatives" (like chicken-free chicken, vegetarian chicken schnitzel,
meat-free bacon rashers etc)?
I do not eat these
Rarely
Monthly
2-3 times a month
Once a week
2-4 times a week 56 times a week
Once a day
More than once a day

114

How often do you drink diet drinks or drinks labelled "sugar-free"?
I do not drink diet or sugar-free drinks
Rarely
Monthly
2-3 times a month
Once a week
2-4 times a week 56 times a week
Once a day
More than once a day
How often do you drink fizzy drinks? Don't include diet varieties. (eg Coca-cola, Pepsi, lemonade)
I do not drink fizzy drinks
Rarely
Monthly
2-3 times a month
Once a week
2-4 times a week 56 times a week
Once a day
More than once a day
How often do you drink fruit juices, drinks or cordials? (eg Just Juice, Fresh-up, Keri, Golden Circle, Ribena, Charlie's,
Raro).
Don't include diabetic, diet or sugar-free varieties.
I do not drink juice or cordial
Rarely
Monthly
2-3 times a month
Once a week
2-4 times a week 56 times a week
Once a day
More than once a day
How often do you drink energy drinks? (eg V, Lift plus, Red Bull, Powerade)
I do not drink energy drinks
Rarely
Monthly
2-3 times a month
Once a week
2-4 times a week 56 times a week
Once a day
More than once a day
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Alcohol
How often do you have a drink containing alcohol?
Never
Monthly or less
2 to 4 times a month
2 to 3 times a week
4 or more times a week
How many drinks containing alcohol do you have on a typical day when you are drinking?
1 or 2
3 or 4
5 or 6
7, 8 or 9
10 or more
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Snacks
How often do you eat lollies, sweets, chocolate or confectionary?
I do not eat these
Rarely
Monthly
2-3 times a month
Once a week
2-4 times a week 56 times a week
Once a day
More than once a day
How often do you eat biscuits, cakes, slices, muffins, sweet pastries or muesli bars?
Include nut and other sweet snack bars.
I do not eat these
Rarely
Monthly
2-3 times a month
Once a week
2-4 times a week 56 times a week
Once a day
More than once a day
How often do you eat savoury snacks such as chips (crisps not hot chips) and crackers?
I do not eat these
Rarely
Monthly
2-3 times a month
Once a week
2-4 times a week 56 times a week
Once a day
More than once a day
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How often do you eat fast food or takeaways from places like McDonalds, KFC, Burger King, Pizza shops or fish and
chip shops?
I do not eat fast food
Rarely
Monthly
2-3 times a month
Once a week
2-4 times a week 56 times a week
Once a day
More than once a day
How often do you eat pies and other hot food that you buy ready-to-eat?
I do not eat these
Rarely
Monthly
2-3 times a month
Once a week
2-4 times a week 56 times a week
Once a day
More than once a day
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How many days in an average week do you have something to eat for breakfast?
I don't usually have breakfast
1 day a week
2 days a week
3 days a week
4 days a week
5 days a week
6 days a week
7 days a week
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Did you take any supplements during the last year?

Yes
No

What type of supplement was it? (Select as many as apply)
Multivitamin and/or multimineral
Single vitamin or mineral
Oil
Bran
Lecithin
LSA
Kelp
Spirulina
Glucosamine and/or chondroitin
Echinachea
Ginkgo
Hypericum (St John's Wort)
Sports supplement
Other (please specify)
Multivitamin and/or multimineral: How long did you
take the supplement in the last 12 months?

Daily
More than once a week
Once per week
Monthly
Regularly but for a limited time
Not very often

Multivitamin and/or multimineral:
If you know the brand name and/or the product name
please write them here. Please provide as much
information about the product as possible.
Multivitamin and/or multimineral:
If you are able to take a photo of your supplement
packaging, please do so and upload here (you can
complete the questionnaire and come back to upload a
photo at a later time).
When taking a photo (or two), please make visible the
brand and the list of contents.
Single vitamin or mineral: Please tell us what
vitamin or mineral it was:
Single vitamin or mineral: How long did you take the
supplement in the last 12 months?

Daily
More than once a week
Once per week
Monthly
Regularly but for a limited time
Not very often

Single vitamin or mineral:
If you know the brand name and/or the product name
please write them here. Please provide as much
information about the product as possible.
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Single vitamin or mineral:
If you are able to take a photo of your supplement
packaging, please do so and upload here (you can
complete the questionnaire and come back to upload a
photo at a later time).
When taking a photo (or two), please make visible the
brand and the list of contents.
Sports supplement: How long did you take the
supplement in the last 12 months?

Daily
More than once a week
Once per week
Monthly
Regularly but for a limited time
Not very often

Sports supplement:
If you know the brand name and/or the product name
please write them here. Please provide as much
information about the product as possible.
Sports supplement:
If you are able to take a photo of your supplement
packaging, please do so and upload here (you can
complete the questionnaire and come back to upload a
photo at a later time).
When taking a photo (or two), please make visible the
brand and the list of contents.
If Other, please specify:

Other: How long did you take the supplement in the
last 12 months?

Daily
More than once a week
Once per week
Monthly
Regularly but for a limited time
Not very often

Other:
If you know the brand name and/or the product name
please write them here. Please provide as much
information about the product as possible.
Other:
If you are able to take a photo of your supplement
packaging, please do so and upload here (you can
complete the questionnaire and come back to upload a
photo at a later time).
When taking a photo (or two), please make visible the
brand and the list of contents.
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Please add any comments you may have about this
questionnaire here:
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Appendix D. Additional questions for male participants only
Attitudes and Motivations for Food Choice
Please indicate how strongly you agree or disagree with each of the following statements

I would like to have broader shoulders

Definitely
Possibly yes
No I'm happy with them
Maybe not
Definitely not

I would like to have bigger muscles

Definitely
Possibly yes
No I'm happy with them
Maybe not
Definitely not

I would like to be heavier

Definitely
Possibly yes
No I'm happy with my weight
Maybe not
Definitely not

I would like to be taller

Definitely
Possibly yes
No I'm happy with my height
Maybe not
Definitely not
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Appendix E. Additional questions for female participants only
Health and Demographic
The following questions are a bit sensitive, but it is necessary for us to ask them because they can help us
understand what nutrients are important for the health of young women your age
How old were you when you had your first period?

11 years or younger
12-14 years
15 years or older
I haven't had a period yet

How long do you usually have from the start of one
period to the start of the next?

Less than a week
1-2 weeks
3-4 weeks
4-5 weeks
More than 5 weeks
I haven't had a period for 3 months
The timing of my periods is not regular

How many days does your period usually last? (count
your light days as well as your heavy ones)

Less than 4 days
4-6 days
7-9 days
10 days or more

Are your periods so heavy that they make it hard for
you to go to school?

Yes - often
Yes - sometimes
No

Have you donated blood?

Yes
No

When did you last donate blood?

In the last 4 months
Between 4 and 12 months ago
More than a year ago

Have you had a nosebleed in the last year?

Yes
No

Do you have nosebleeds regularly?

Yes
No

Over the last year, on average how often did you get
nose bleeds?

More than once a week
Once a week
Every couple of weeks
Once a month
Every few months
Every 6 months
Once a year
Less than once a year

Do you use any of the following contraceptives:

No - I don't use those contraceptives
Yes - I use one of those contraceptives

- Oral contraceptive (eg 'the pill' or 'the
mini-pill')
- Depo Provera injection
- Implant (eg Jadelle)
- Hormonal IUD (eg Mirena)
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Attitudes and Motivations for Food Choice

In general, which of the following food groups do you
NOT eat? Please select all that apply. If you
generally eat all of these food groups, please
select the last response.

I generally do not eat red meat
I generally do not eat poultry
I generally do not eat fish
I generally do not eat dairy
I generally do not eat egg
I generally eat all of these food groups

For the next 17 questions, please note that your "dietary pattern" represents those foods you indicated above. For
example, if you selected "I generally do not eat red meat" and "I generally do not eat dairy," your dietary pattern
includes poultry, fish and eggs.
If you selected the last response, your dietary pattern includes all of these foods (i.e. red meat, poultry, fish, dairy
and eggs). Please indicate how strongly you agree or disagree with each of the following statements.
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Please indicate how strongly you agree or disagree with each of the following statements
Strongly
disagree

Disagree

Somewhat
disagree

Neither
agree nor
disagree

Somewhat
agree

Agree

Strongly
agree

I can be flexible and sometimes
eat foods that go against my
dietary pattern

I view my dietary pattern as a
way of making the world a better
place for others
I feel that I have a moral
obligation to follow my dietary
pattern
My dietary pattern is an
important part of how I would
describe myself
Concerns about social issues
motivate me to follow my dietary
pattern
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Please indicate how strongly you agree or disagree with each of the following statements
Strongly
disagree

Disagree

Somewhat
disagree

Neither
agree nor
disagree

Somewhat
agree

Agree

Strongly
agree

From time to time, I eat foods
that go against my dietary
pattern

My dietary pattern has a big
impact on how I think of myself
I am motivated to follow my
dietary pattern because eating
foods that go against my dietary
pattern is immoral
I follow my dietary pattern
because I want to benefit society
A big part of my lifestyle
revolves around my dietary
pattern
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Please indicate how strongly you agree or disagree with each of the following statements
Strongly
disagree

Disagree

Somewhat
disagree

Neither
agree nor
disagree

Somewhat
agree

Agree

Strongly
agree

I feel motivated to follow my
dietary pattern because I am
concerned about the effects of
my food choices on other beings

I would eat a food product that
goes against my dietary pattern
if I were to hear that it tastes
exceptionally good
My dietary pattern defines a
significant aspect of who I am
I follow my dietary pattern
because eating this way is good
for the world
I follow my dietary pattern
because eating this way is the
morally right thing to do
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Confidential

Dietary Habits Questionnaire
Please specify the type of oil:

Oil: How long did you take the supplement in the last
12 months?

Daily
More than once a week
Once per week
Monthly
Regularly but for a limited time
Not very often

Oil:
If you know the brand name and/or the product name
please write them here. Please provide as much
information about the product as possible.
Oil:
If you are able to take a photo of your supplement
packaging, please do so and upload here (you can
complete the questionnaire and come back to upload a
photo at a later time).
When taking a photo (or two), please make visible the
brand and the list of contents.
Bran: How long did you take the supplement in the
last 12 months?

Daily
More than once a week
Once per week
Monthly
Regularly but for a limited time
Not very often

Bran:
If you know the brand name and/or the product name
please write them here. Please provide as much
information about the product as possible.
Bran:
If you are able to take a photo of your supplement
packaging, please do so and upload here (you can
complete the questionnaire and come back to upload a
photo at a later time).
When taking a photo (or two), please make visible the
brand and the list of contents
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Lecithin: How long did you take the supplement in the
last 12 months?

Daily
More than once a week
Once per week
Monthly
Regularly but for a limited time
Not very often

Lecithin:
If you know the brand name and/or the product name
please write them here. Please provide as much
information about the product as possible.
Lecithin:
If you are able to take a photo of your supplement
packaging, please do so and upload here (you can
complete the questionnaire and come back to upload a
photo at a later time).
When taking a photo (or two), please make visible the
brand and the list of contents.
LSA: How long did you take the supplement in the last
12 months?

Daily
More than once a week
Once per week
Monthly
Regularly but for a limited time
Not very often

LSA:
If you know the brand name and/or the product name
please write them here. Please provide as much
information about the product as possible.
LSA:
If you are able to take a photo of your supplement
packaging, please do so and upload here (you can
complete the questionnaire and come back to upload a
photo at a later time).
When taking a photo (or two), please make visible the
brand and the list of contents.
Kelp: How long did you take the supplement in the
last 12 months?

Daily
More than once a week
Once per week
Monthly
Regularly but for a limited time
Not very often

Kelp:
If you know the brand name and/or the product name
please write them here. Please provide as much
information about the product as possible.
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Kelp:
If you are able to take a photo of your supplement
packaging, please do so and upload here (you can
complete the questionnaire and come back to upload a
photo at a later time).
When taking a photo (or two), please make visible the
brand and the list of contents.
Spirulina: How long did you take the supplement in
the last 12 months?

Daily
More than once a week
Once per week
Monthly
Regularly but for a limited time
Not very often

Spirulina:
If you know the brand name and/or the product name
please write them here. Please provide as much
information about the product as possible.
Spirulina:
If you are able to take a photo of your supplement
packaging, please do so and upload here (you can
complete the questionnaire and come back to upload a
photo at a later time).
When taking a photo (or two), please make visible the
brand and the list of contents.
Glucosamine and/or chondroitin: How long did you take
the supplement in the last 12 months?

Daily
More than once a week
Once per week
Monthly
Regularly but for a limited time
Not very often

Glucosamine and/or chondroitin:
If you know the brand name and/or the product name
please write them here. Please provide as much
information about the product as possible.
Glucosamine and/or chondroitin:
If you are able to take a photo of your supplement
packaging, please do so and upload here (you can
complete the questionnaire and come back to upload a
photo at a later time).
When taking a photo (or two), please make visible the
brand and the list of contents.
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Echinachea: How long did you take the supplement in
the last 12 months?

Daily
More than once a week
Once per week
Monthly
Regularly but for a limited time
Not very often

Echinachea:
If you know the brand name and/or the product name
please write them here. Please provide as much
information about the product as possible.
Echinachea:
If you are able to take a photo of your supplement
packaging, please do so and upload here (you can
complete the questionnaire and come back to upload a
photo at a later time).
When taking a photo (or two), please make visible the
brand and the list of contents.
Ginkgo: How long did you take the supplement in the
last 12 months?

Daily
More than once a week
Once per week
Monthly
Regularly but for a limited time
Not very often

Ginkgo:
If you know the brand name and/or the product name
please write them here. Please provide as much
information about the product as possible.
Ginkgo:
If you are able to take a photo of your supplement
packaging, please do so and upload here (you can
complete the questionnaire and come back to upload a
photo at a later time).
When taking a photo (or two), please make visible the
brand and the list of contents.
Hypericum (St John's Wort): How long did you take the
supplement in the last 12 months?

Daily
More than once a week
Once per week
Monthly
Regularly but for a limited time
Not very often

Hypericum (St John's Wort):
If you know the brand name and/or the product name
please write them here. Please provide as much
information about the product as possible
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Hypericum (St John's Wort):
If you are able to take a photo of
your supplement packaging,
please do so and upload here (you
can complete the questionnaire and
come back to upload a photo at a
later time).
When taking a photo (or two),
please make visible the brand and
the list of contents.
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Appendix F. Dietary assessment protocol

24 Hour Dietary Recall
To complete the 24 h dietary recall you will need:

•

This protocol, including the tips sheet and useful prompts.

•

The 24 h dietary recall recording sheet.

•

Portion size box, including measurement aids and food photographs.

Make sure you have taken the ID number from the name & ID spreadsheet and written
it on every page of the 24 h diet recall recording sheet.

Explain the 24 h recall to the participant
“I am going to ask you about everything that you ate and drank yesterday. Please try to
recall, and tell me about everything that you had to eat at drink, whether it be at home, or
away from home, including snacks, drinks and water. We are not here to decide if what your
eating is healthy or not – we just want to understand what boys around New Zealand are
eating, so we would like you to be really honest with us”

Stage One – Quicklist
“First, we will make a quick list of all the things you ate and drank, and then we will go back
over this list and I will ask you more details about the specific foods and drinks, and the
amounts.”

“It might help you remember what you ate by thinking about where you were, who you were
with, or what you were doing yesterday; like going to school, eating out, or watching TV.
Feel free to keep these activities in mind and say them aloud if that helps.”
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“So starting from midnight the day before yesterday, what was the first thing you remember
eating?”

Start recording quick list – keep prompting until finished

“That’s great. Sometimes people forget to tell us about drinks, particularly water when
we do this list.”

“How much water do you remember drinking yesterday?” (record)

“Did you have any other drinks you might have forgotten about?” (record)

Stage two – Collect more information
“I am now going to ask you some more specific questions about each food. We also need to
work out how much of each food that you ate or drank”

“Let’s start at the beginning – the first thing you remember eating was xxxx” (record)

What time did you eat/drink that? (record)
Go on to collect specific information that is relevant to each food based on
the tips provided on the tip sheet. Record as much specific information as
you can. Record each food item in a different row.

Use the photos and measurement aids to help the participant estimate the
portion size. Remember that brand and package size will always give you the
most accurate information.

Before you go onto the next food on the quick list be sure to ask if they added
anything to the food they have just described.
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Stage 3 – check for any further additions

“Ok, thanks for working with me to provide all of that detail. We are now going to do one
more check to make sure there isn’t anything else that should be on this list. I am going to
read this list back to you. If you remember anything else that you ate while I am reading it
back to you please interrupt me and we will record it”

Read through with the participant all the food and drink they have listed
“Is there anything you can think of that we need to add in?” (record as necessary)

“Last Question: Do you know if the salt you use at home contains iodine?” (tick
appropriate box)

“Great thank you again. If it is ok with you one day in the next week I would like to ring you
and go through this process again on a different day, so that we can get an idea of how the
foods you eat change from day to day. What time of the day (outside of school time) would
suit you for me to ring you?”

Record preferred times - remember, ideally this second 24 h recall will
occur on a randomly selected day, but that might not always be possible
(at the very least it should be a different day of the week than today)

The 24 h diet recalls will need to be entered into FoodWorks following the
FoodWorks Protocol.
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Tips Sheet
Remember that the more information you can obtain about each food the more
accurate the data is going to be. Please keep in mind that some of your fellow MDiet
students are writing their thesis on nutrients (like Folate) that will vary from brand to brand
depending on fortification so please be as careful and accurate as possible.

You need to gather more information about each food identified on the Quicklist. Below
are some prompts that might help you do this.

Where possible for packaged foods collect the brand name.

Potential questions to consider asking (depending on the food reported):

•

What is the brand name?

•

Was it fresh, canned, frozen or rehydrated?

•

Was it home made? Do they know the recipe? If they do record on the
recipe sheet) – this is more important for savory foods than baking
(as the basic composition of a biscuit or a cake varies much less than
the composition of, for example, a stir fry)

•

How was it cooked? Was it baked, fried, or boiled?

•

Was the item coated before cooking, if so what it with flour, batter,
eggs, or breadcrumbs etc?

•

Was it standard, low fat, low sugar caffeine free?

Do not
x

Collect information about herbs and spices that are used in very small
quantities

x

Ask leading questions

x

Ask for recipes for traditional home baking, but do note if it is gluten free.
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x

Make assumptions

x

Respond in a judgmental way (positive or negative) to the foods or drinks
consumed

Do

✓ Keep your prompts neutral
✓ Ask about cooking method and the type of fat used in cooking e.g. if

they say baked, ask what with?
✓ Collect brand names for margarine, butter, juices/fruit drinks,

breakfast cereals, energy drinks, breads, dairy alternatives (e.g.
almond milk) as the micronutrient content of these products can vary
considerably from brand to brand
✓ Ask for the recipe for less traditional home baking (e.g. brownies

made with black beans, raw caramel slice etc)

138

Useful Probes for Specific Food Groups
FRUIT

• Peeled or unpeeled
• Colour? – e.g. red/green apple
• Tinned? – if so was it tinned in syrup or juice, how much of the syrup/juice

did they have
• Use photos of tinned peaches, wooden balls, cups or beans to help

estimate portion sizes
VEGETABLES

• Fresh, frozen or tinned (if tinned were they tinned with

flavoured sauce/syrup/juice)
• Cooking method – boiled, baked (with fat/oil – what type and how

much?), microwaved, steamed etc
• Colour – e.g. red/green capsicums
• Potatoes – with or without skin, if mashed what was added and how much?
• Quantities could be recorded in cups (sliced/whole/mashed/diced) or how

much of a whole vegetable (e.g. ½ a medium capsicum)
• Use photos to help estimate portion size for similar vegetables not

shown in pictures (e.g. broccoli can be used to estimate cauliflower,
peas can be used for corn or bean etc). Use thickness guides and
rulers to help estimate sliced vegetables (e.g. cucumber)
DAIRY

• Milk – brand name and fat content (show picture of bottle tops)
• Yoghurt – brand and with fruit or plain/natural or vanilla, reduced fat, low fat
• Ice cream – brand, any additions? If in a bowl use pictures to help

estimate amounts
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• Cheese - type (e.g. Edam, Colby, Feta), brand, grated (in cups or use

pictures) or sliced (thickness guides)
NUTS

• Roasted, raw, salted, other favouring, blanched
• Whole, chopped, slivered
• Mixed – with or without peanuts
• How many cups or how many whole nuts? or can use beans to estimate

handful size
BREAD

• White, wholemeal, wholegrain, light or dark rye (use photos to

help with identification)
• Brand name (important for fortification)
• Toast or sandwich slice (thick or thin)
• For buns – any toppings (don’t worry about small amounts of seeds, but

do record cheese, bacon etc)
MARGARINE/BUTTER/TABLE SPREAD

• People often use the term butter and margarine interchangeably so

collect the brand name (do not comment on the fact they might not have
used the correct description)
• Low fat or standard
• Phytosterols (cholesterol reducing)
• Use pictures to help indication of thickness of spread

DRINKS

• Juices/Fruit Drinks
o Terms used interchangeably so always collect brand information if possible
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o 100% juice or fruit drink
o No sugar added or sweetened?
o Added vitamins
o Commercial or freshly squeezed
o Did they dilute with water, is so how much?
o Use cups or pictures of cans and bottles to help estimate portion size
• Fizzy drinks
o Brand
o Flavour
o Diet, standard, zero sugar, type of sweetener
o Caffeinated
o Use cups or pictures of cans and bottles to help estimate portion size

• Made from liquid (cordial) or powdered concentrate (Raro)
o Brand and flavour details of concentrate
o Standard or low energy/ low sugar version
o How much concentrate?
o Did they make it with water or something else?
o How much water or other substance was added?
PACKAGED FOODS

• Brand and package size most important
• Did they consume everything in the packet?

MIXED DISHES

• Try and record recipe if possible
• If recipe unavailable try and get as much detail as possible
• Check any protein ingredients, starchy ingredients, vegetables, sauces
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• Use photos, cups, plates and bowls to estimate portion size
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Appendix G. Examples of foods included in each food group

Food group

Examples of food items 1

Milk

All milk (cow, soy, rice, goat and flavoured milk), milkshakes, milk powder

Beef and veal
All muscle meats (steak, mince, corned beef, roast, schnitzel, etc.),
stews, stir-fries
Poultry

All chicken, duck, turkey and mutton-bird muscle meats and processed
meat, stews and stir-fries

Grains and
pasta

Rice (boiled, fried, risotto, sushi, salad), flour, pasta/noodles, bran,
cereal-based products and dishes (pasta and sauce, lasagne, pasta
salad, noodle soup, chow mein)
Sandwiches, filled rolls, hamburgers, hotdogs, pizza, nachos, doner
kebabs, wontons, spring rolls, stuffing

Bread-based
dishes
Fish and
seafood

All fish (fresh, frozen, smoked, canned, battered, fingers, etc.), shellfish,
squid, crab, fish/seafood dishes (pies, casseroles and fritters),
fish/seafood products

Cheese

Cheddar, edam, specialty (blue, brie, feta, etc.), ricotta, cream cheese,
cottage cheese, processed cheese

Egg and egg
dishes

Poached, boiled, scrambled and fried eggs, omelettes, self-crusting
quiches, egg stir-fries

Sausage and
processed
meats
Dairy products
Non-alcoholic
beverages

Sausages, luncheon, frankfurters, saveloys/cheerios, salami, meatloaf
and patties
Cream, sour cream, yoghurt, dairy food, ice-cream, dairy-based dips
All teas, coffee and substitutes, hot chocolate drinks, juices, cordial, soft
drinks, water, powdered drinks, sports and energy drinks

Savoury sauces Gravy, tomato and cream-based sauces, soy, tomato and other sauces,
and condiments cheese sauces, mayonnaise, oil & vinegar dressings, chutney, marmite
Pies and
pastries
Pork

All pies including potato top, pasties, savouries, sausage rolls, quiche
with pastry
All muscle meats (roast, chop, steak, schnitzel, etc.), bacon, ham, stews,
stir-fries

Cakes and
All cakes and muffins, slices, scones, pancakes, doughnuts, pastry
muffins
1
Food groups are modified from the 2008/09 ANS food groups (16)
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Appendix H. Anthropometric protocol

Anthropometric Measurements
To complete anthropometric measurements you will need:

•

This protocol

•

A stadiometer that has been assembled correctly, and
positioned appropriately against a straight wall

•

A set of body weight scales

•

A steel anthropometric measuring tape

•

The blood pressure and anthropometry recording sheet

Make sure you have taken the ID number from the name & ID spreadsheet and written
it correctly on the blood pressure and anthropometry recording sheet.

Gain verbal consent from the participant for each measurement and explain fully what you will
do to obtain them, specifically asking them if it is ok to touch the top of their head with the
stadiometer when doing the height measurement. Before beginning, gain consent from the
participant to use non-permanent pen for marking anatomical land marks.

HEIGHT

1. Ask the participant to remove their shoes, as well as

any hair ornaments or buns/braids on the top of the
head.
2. If the participant is taller than the investigator, use a step

tool to take the measurements. Errors can be
minimised by the investigator being parallel to the
participant and the headpiece.
3. Tell the participant to stand with their heels together

and toes apart pointing outward at approximately a 60degree angle.
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4. Make sure the back of the head, shoulder blades, buttocks, and

heels of the participant are touching the backboard/stadiometer.
5. Make sure the participant’s head is aligned in the Frankfort horizontal

plane, where a horizontal line connects from the ear canal to the
lower border of the orbit of the eye.
6. Lower the headpiece to rest firmly on the top of the participant’s head and

ask the participant to stand as tall as possible and take a deep breath.
7. Record the result to the nearest 0.1 cm in the HEIGHT 1 box on the

recording sheet without informing the participants.

WEIGHT

1.

Ask the participant to remove any heavy clothing (such as jackets, heavy
tops, boots etc). As the participant would have just had their height
measurement done, they should not be wearing shoes.

2.

Turn on the scales, ensure they are switched on to metric (kg).

3.

Ask the participant to step on to the scales so that they are facing away
from the display (to prevent seeing the weight) cautioning them that they
need to step up onto the scales.

4.

Wait for the scales to read or come to a stable number.

5.

Record the participant’s weight to the nearest 0.1 kg in the WEIGHT 1 box
on the recording sheet without informing the participant.

ULNA LENGTH:
Ulna length is measured between the point of the elbow and
the midpoint of the prominent bone of the wrist using an
anthropometric steel tape. This value is then compared with a
standardized height conversion chart. Participants should be
dressed in light clothing with no wrist watch or other jewellery
on the arm that is to be measured.
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1. Measure between the point of the elbow and the midpoint of the prominent

bone of the wrist (non-dominant side).
2. Read and accurately record the measurement to the nearest 0.1 cm in the

UNLA LENGTH 1 box on the recording sheet without informing the
participants.

NB: anthropometry tapes have a blank lead before measurement markings start - consider
this when reading a measurement.

REPEAT ALL MEAUREMENTS
Repeat all three measurements again, in the same order, entering the measurements in the
HEIGHT 2, WEIGHT 2 and ULNA LENGTH 2 box as appropriate (do no tell participant
measurements).
CHECK: are any of the 1st and 2nd measurements are more than 0.5 units apart? If so take a
third measurement where required.

Anthropometric measurements will need to be entered into REDCap (see REDCap data
entry protocol)
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