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Abstract
Background: Vegetarianism is characterised by the exclusion of flesh-based animal foods.
Historically, this diet resulted in improved diet quality, typified by lower intakes of high
fat, sugar, salt discretionary foods and higher intakes of fruits and vegetables compared to
an omnivorous diet. However, intakes of protein-rich foods can be lacking in vegetarians.
Vegetarianism appears to be increasing at the greatest rate amongst adolescent females,
who have increased energy and nutrient needs. In New Zealand, there is little information
on the dietary habits of vegetarian adolescents. It is unclear whether the modern vegetarian
diet, where there is increased availability of processed high fat, sugar, and salt foods and
vegetarian alternatives, remains more healthful than an omnivorous diet in this population.

Objective: To investigate frequency of intake of: protein-rich foods; fruit and vegetables;
and discretionary foods among adolescent female vegetarians, and compare these with nonvegetarians.

Design: Cross-sectional survey of 248 females aged 15-18 years recruited from 13 high
schools throughout New Zealand, and from targeted recruitment of vegetarians in Dunedin.
Vegetarian status was self-reported at enrolment. Frequency of intake of animal and plantbased protein foods, discretionary foods, and fruit and vegetables were analysed through
an online dietary habits questionnaire. Analysis was conducted in vegetarians (n=33) and
non-vegetarians (n=215), with prevalence and 95% confidence intervals being used to
compare between the two groups.
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Results: Legumes were the most frequently consumed protein alternative in vegetarians
with 57.6% (95% CI: 39.8-75.4) consuming 2-6 times a week. Other vegetarian protein
alternatives were consumed infrequently at 3 times a month or less. More vegetarians
excluded eggs than non-vegetarians (39.4% (95% CI: 21.8-57) vs 11.6% (95% CI: 7.315.9)). Among vegetarians, 66.7% (95% CI: 49.7-83.6) excluded cows milk, with 6% (95%
CI: 0-14.7) including it once or more a day; compared to 20.9% (95% CI: 15.4-26.4) and
34.5% (95% CI: 28.0-40.8) respectively among non-vegetarians. Of vegetarians, 48.5%
(95% CI: 30.5-66.5) excluded dairy, with 12.1% (95% CI: 0.37-23.9) including it once or
more a day; compared to 8.9% (95% CI: 15.4-26.4) and 31.6% (95% CI: 25.4-27.9) among
non-vegetarians. Vegetarians were more likely to choose chose plant-based milks 63.6%
compared to non-vegetarians (17.2%). Vegetarians more frequently excluded discretionary
foods than non-vegetarians. More vegetarians than non-vegetarians met and/or exceeded
recommended serves per day of fruit (72.8% vs 56.3%) and vegetables (63.6% vs 31.2%)

Conclusion: The majority of vegetarians in this study appeared unlikely to meet national
guidelines for meat alternatives and milk and milk products. In non-vegetarians, intakes of
milk products also appeared insufficient to meet recommendations. This could potentially
compromise intakes of important nutrients, particularly in vegetarians. Overall, vegetarians
had more healthful dietary habits in terms of fruit, vegetables, and discretionary food
intakes than non-vegetarians. However, vegetarian diets need to be well-planned to ensure
intakes of protein containing foods and associated nutrients are not compromised. Further
research into intakes of milk and milk products and vegetarian protein alternatives for
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comparison to national guidelines is needed to confirm potentially low intakes of these
protein-rich foods and associated nutrients in this population.
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1. Introduction
Vegetarianism is a popular dietary pattern globally. Characterised by the exclusion of
flesh-based animal foods (1), it is a diet historically renowned for its health benefits, animal
welfare, and environmental considerations (2-4). Vegetarianism can undoubtedly be a
healthful diet to follow. However, increases in commercially produced vegetarian foods
that are high in fat, sugar, and salt (5), in a modern-day obesogenic environment (6, 7) may
have compromised the healthfulness of a traditional vegetarian diet (3, 8). Furthermore, if
the diet is not well-planned (9), intakes of protein-rich foods can be lacking in vegetarians
(10, 11).

The prevalence of vegetarianism is appearing to rise at the greatest rate among the
adolescent female population (12). Adolescents have increased nutrient and energy needs
(13) which can be lacking in an inadequate vegetarian diet. Animal derived foods are
typically protein-rich, and contain nutrients such as iron, (14) vitamin B12, vitamin D, zinc,
and calcium (15), all of which are important for adolescent females (1, 13). Therefore, it is
important to assess if commonly excluded animal-foods are being substituted with nutrientrich vegetarian protein alternatives. Previous research has reported lower intakes of
discretionary foods and higher intakes of fruit and vegetables among vegetarians, when
compared to non-vegetarians (10, 11, 16, 17). This is indicative of an overall more healthful
diet in vegetarians than non-vegetarians. Whether this remains true in the modern
vegetarian diet in New Zealand adolescents is unknown.
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There is limited literature globally assessing dietary habits among vegetarians, particularly
adolescent vegetarians. Studies assessing vegetarianism typically have compared the
vegetarian diet to a non-vegetarian diet and provided assessment of food intakes in grams
or serves (10, 11, 17, 18). To the best of my knowledge, the only study in adolescents
comparing vegetarian dietary habits to non-vegetarian was in an Adventist population in
the United States in 2019 (18). However, the generalisability of this study population must
be interpreted with caution given that Adventists practice healthful behaviours, such as
abstaining from alcohol and smoking, beyond the inclusion of a vegetarian diet.

In New Zealand, the most recent dietary habit data in adolescent females was assessed in
the 2008/2009 Adult Nutrition Survey (ANS) (19). The ANS identified that the majority
of adolescent females met guidelines amounts for fruit and vegetables, however they had
the highest intakes of fast food, hot chips, and soft drinks, in comparison to females of any
other age. Red meat was most commonly consumed at 3-4 times a week, and chicken and
processed meat at 1-2 times per week. This survey did not identify vegetarians, and dietary
habits are likely to have changed since this data was collected (20).

The current dietary habits of vegetarian adolescent females in New Zealand are unknown.
It is unclear how their dietary habits differ from that of their non-vegetarian counterparts
outside of the exclusion of flesh-based foods. It is unknown whether the modern vegetarian
diet in this population remains more healthful than an omnivorous diet. This study will
contribute to the limited pool of research in adolescent vegetarians globally, in addition to
updating current data on dietary habits in the adolescent female population in New Zealand.

2

The aim of this study was to investigate the frequency of intake of: protein-rich foods; fruit
and vegetables; and discretionary foods among adolescent female vegetarians, and
compare these with non-vegetarian adolescents.
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2. Literature Review
2.1 Defining Dietary Habits
A habit is defined as “a settled or regular tendency or practice, especially one that is hard
to give up” (21). Any behaviour performed routinely by an individual is by nature habitual,
and any behaviour that relates to food and beverage intake can be considered a dietary
habit. Portion size, timing, frequency of consumption, food groups, and other variables
relating to food and beverage intake can all be relevant when looking at dietary habits (22).
Dietary habits can be summarised as “behavioural eating patterns that become an
automated response after repeat performances, triggered by situational cues” (23, 24). As
the nature of the definition suggests, dietary habits form an integral part of an individual’s
nutrient intake. They are intrinsically part of life, influencing what, when, and how, we eat
and drink.

Dietary habits are a measure of diet quality. Diet quality is the extent to which a diet
provides nutrients conducive to health. It can be measured on three levels: nutrients, foods
and drinks, and dietary patterns (25). Previously in literature, diet quality has been
measured in the form of nutrients, or dietary patterns (26). Nutrients are commonly
represented by the relation of the nutrient to a health outcome, and given in grams. For
example, iron and zinc intakes may be reported in a vegetarian diet where they are predicted
to be sub-optimal (27). Dietary patterns are commonly represented by a score that measures
the degree to which the dietary pattern has been met. For example, the Mediterranean diet
is a healthful dietary pattern to which adherence can be measured with the Mediterranean
diet score (28).
4

Dietary patterns are the sum of multiple dietary habits, and encompass an overall eating
pattern and lifestyle. However, singular dietary habits which assess food and drink intake
for comparison to dietary guidelines are rarely reported (29). Examining dietary habits
around food and drink allows for an assessment of diet quality that is indicative of wider
behaviours around nutrition, in a way that analyzing single nutrients or a whole dietary
pattern cannot (30, 31). For example, takeaway consumption is a dietary habit that
encompasses multiple foods and nutrients such as fat, salt, and sugar, as opposed to looking
solely at any one of these nutrients or looking at the overall dietary pattern. By examining
diet quality this way, the diet is represented holistically, and our understanding of the
individual’s day to day singular behaviours around nutrition can be better understood (29).

2.1.1

Why are dietary habits important?

Dietary habits practiced in adult life are largely formed during childhood. During
adolescence, as our autonomy over food choice increases, these dietary habits may change
to become more healthful or unhealthful (13, 32). It is common for food behaviours in
adolescence to become engrained and progress into adulthood (13, 18, 33, 34). Given this,
nutrition in adolescence is predictive of disease risk as we age. For example, predisposition
to cardiovascular disease (CVD) risk factors such as weight gain, hypertension, and
metabolic syndrome can all be influenced by unfavorable dietary habits in adolescence
(18). For this reason, it is important to identify unhealthful behaviours early to mitigate
negative health outcomes later in life.

5

Traditionally, much of the literature has focused on individual nutrients and their relation
to a specific health outcome (35, 36). Whilst this has made a valuable contribution to our
understanding of nutrition and disease today, it has limitations because people do not, and
cannot, eat nutrients in isolation (30). In New Zealand, the Ministry of Health have
compiled our National Eating and Activity guidelines based on dietary habits that are
conducive to health. Assessing dietary habits can provide valuable data that can be
compared to these recommendations to identify issues of nutritional concern (29, 37). For
example, the ANS identified that only 61.5% and 65% of females aged 15-18 years met
the recommended serves per day for vegetables and fruit respectively. Furthermore, 17.2%
had takeaways and 40% had sugary drinks 3 or more times per week (19). This prompted
recommendations in the most recent review of national nutrition guidelines for young
people around limiting takeaways and sugary beverages (38).

At an individual level, dietary habits recommendations are more likely to be adopted than
individual nutrient recommendations (31). Because dietary habits are food-based (as
opposed to nutrient based), they more closely mirror that of the real world. People eat food,
not nutrients, therefore dietary habit recommendations are easier for individuals to translate
into their own diet (30). This is as opposed to recommendations that stem from single
nutrient studies (26, 37). For example, the DASH diet is a dietary pattern intervention that
has proved more effective at lowering blood pressure than single nutrient supplementation
(37).

6

Dietary habits encompass multiple foods and nutrients and can therefore be more
representative of diet quality than individual nutrients. They are used to inform national
recommendations consisting of food and food groups and are generally easily understood
by the public. It important to assess dietary habits from an early age to identify unhealthful
behaviours, particularly in populations at risk of nutritional issues. Research has shifted
from a traditional focus on single nutrients or food groups to dietary habits and diet quality
because of this (31).

2.1.2
2.1.2.1

How are dietary habits measured?
Food frequency questionnaires

Dietary habits are typically measured by Dietary Habits Questionnaires (DHQs) (39).
DHQs are slight variations on food frequency questionnaires (FFQs) (22). FFQs assess
frequency of consumption of foods through asking how often a food is consumed over a
specified time period (40, 41). The distinction between FFQs and other dietary assessment
methods is that FFQs obtain data that is subjective and representative of ‘usual’ intake.
This is as opposed to measuring nutrient intake directly, such as in other dietary assessment
methods that require keeping a record of foods eaten and weighed amounts (40). The
purpose of FFQs can be to focus on intake of specific nutrients or foods, dietary risk factors
for disease, or general measures of diet quality, such as intake of the food groups (40).
When assessing dietary habits, the purpose and outcome measures desired are often similar
to that generated by an FFQ. DHQs are simply FFQs that have been modified to include
dietary habits questions in addition to food frequency questions.
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2.1.2.2

Dietary habits questionnaires

Dietary habits questionnaires assess habitual intake of certain food groups, food
preparation, cooking practices, and eating patterns, which may indicate compliance with
dietary guidelines (22). DHQs are not required to ask frequency of consumption, but can
be supplementary to frequency questions e.g. do you remove the skin from chicken before
cooking? They may also be worded to determine if specific food items are chosen over
others e.g. wheat over white bread, or may encompass multiple foods or behaviours e.g.
takeaways or snack consumption. DHQs are typically used to compare dietary habits of
interest between two populations, or rank individuals within a population by intake of food
groups, nutrients, or other diet quality measures (33).

2.1.3

Dietary habits in New Zealand

In the general healthy New Zealand population, there is little literature investigating dietary
habits as a primary outcome. To the best of my knowledge, most studies in the last decade
investigating dietary habits in New Zealand have focused on the development and
validation of FFQs or DHQs to assess dietary habits or nutrient intakes, as opposed to
quantifying dietary habits in a population (22, 23, 29, 33, 42-44). Because of this, little is
known about the dietary habits of New Zealanders.
Although not a direct assessment of dietary habits, a recent study by Maclaran et al (20)
investigating the prevalence of dietary patterns in New Zealand identified a flexitarian diet
was one of six prominent dietary patterns among New Zealand adults. This diet was based
on the irregular or non-consumption of meat and included both strict and flexible followers.
Interestingly, this group restricted other food groups outside of animal products, such as
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dairy, oils, confectionary, soft drinks, and takeaways. A greater percentage of females than
males were represented in this dietary group.

The ANS is New Zealand’s most recent nutrition survey and although outdated, is the most
recent source of dietary habits of New Zealanders aged 15+ (19). Prior to this, was the
National Nutrition Survey in 1997. The ANS focused on intakes of animal products,
saturated fats, and salt. Contrasting to Maclaran et al, it was identified that among females
aged 15-18 years, the relative majority consumed red meat 3-4 times a week, and chicken
and processed meats 1-2 times a week. Furthermore, 90% of females aged 15-18 years
consumed dairy milk. Intakes of vegetarian protein alternatives were not assessed in the
ANS.

The differential findings between Maclaran et al and the ANS, although limited and unable
to be directly compared due to population differences, are suggestive dietary habits in New
Zealand have changed in the last decade. These changes are indicative of a reduction in
animal food intake. This is plausible given that vegetarianism is a dietary pattern that is
becoming increasingly common worldwide, particularly in developed countries (1). In
New Zealand, the prevalence of vegetarianism is estimated to be 10.3% in those aged over
14 years (12). The same study reported a prevalence of 8.1% in 2011. Furthermore,
prevalence of vegetarianism in New Zealand is highest in those aged 14-24 years at 13.3%
and those aged 25-34 years at 13.8% (12). Women were found to be more likely to be
vegetarian than men at 11.3% vs 9.3%. This is supportive of findings by Maclaran et al
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(20) and provides further evidence that updated information around dietary habits among
vegetarians, particularly in young females, is needed in New Zealand.
Given the lack of previous information in this area and the dietary trend of reducing meat
intakes, focusing on intakes of vegetarian protein alternatives in the New Zealand female
population, may be an area of interest that warrants investigation.

2.2 Defining Vegetarianism
Vegetarianism is typically defined by the exclusion of flesh-based animal foods from the
diet. However, there are multiple subcategories that exist within vegetarianism, relating to
the extent of exclusion of animal foods from the diet (1, 45). For example, veganism is a
subtype of vegetarianism that is typically characterised by the exclusion of all animal
products from the diet (1). However, defining vegetarianism is further complicated as it
cannot be assumed that individuals who report vegetarianism consistently avoid animal
foods. Some vegetarians include small amounts of flesh-based foods, whereas other
vegetarians exclude flesh foods but include other animal foods to varying degrees (17, 45).
These complexities must be taken into account when interpreting literature in this area.
Globally, the majority of literature investigating vegetarianism uses cohort data from two
large prospective studies; EPIC-Oxford (46) and the Adventist Health Study-2 (AHS-2).
(47). Given this, the definitions of vegetarians used in these studies are the most commonly
accepted.

The AHS-2 (47) defines vegetarianism using 5 categories: vegans, lacto-ovo vegetarians,
pesco-vegetarians, semi-vegetarians, and non-vegetarians. The definitions for these are as
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follows: vegans consume animal products less than once per month; lacto-ovo vegetarians
consume dairy/eggs once a month or more but red meat, fish and poultry less than once a
month, pesco-vegetarians consume fish, milk/ eggs once a month or more but red meat and
poultry less than once a month, semi-vegetarians consume animal products once a month
or more but no more than once per week. Non-vegetarians (omnivores) consume animal
products more than once a week. When interpreting literature from the AHS-2, it is
important to note that adventists adopt a vegetarian diet, in addition to many other healthful
lifestyle behaviours, as part of their religion. There is a positive relationship between
religion and health that is independent of any lifestyle factors (48). Adventists are therefore
not representative of the general population (17); however studies using this cohort are still
useful to offer insights into vegetarianism.

EPIC-Oxford were less flexible in their definitions. Participants self-reported to be meat
eaters, fish eaters (eat no meat except fish), vegetarians (eat no meat or fish but eat
dairy/eggs), or vegans (eat no animal products) (46). Similar to the AHS-2, some studies
using the EPIC-Oxford cohort have categorised participants based on their answers to an
FFQ e.g. regular meat eaters (>50g meat/day), low meat eaters (<50g meat/day), poultryeaters, fish-eaters, vegetarians, and vegans (10) . Both EPIC-Oxford and the AHS-2
accounted for duration of adherence to these dietary patterns (46, 48).
There are also other terms in the literature such as flexitarian, which can be likened to a
semi-vegetarian in definition, lacto-vegetarians and ovo-vegetarians which consume only
dairy and only eggs (with the exclusion of all meats) respectively, and pollo-vegetarians
which consume only chicken (with the exclusion of all other meats) (1). These categories
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are often combined to all be considered ‘vegetarian’ due to small sample sizes in many
vegetarianism studies (16).

2.2.1

Vegetarianism and health

Vegetarianism has historically been adopted for the health benefits it can confer, above and
beyond that of an omnivorous diet (3, 4). Animal-welfare and environmentalism provide
additional reasons for adoption of this dietary pattern (2, 4). Studies have typically
investigated vegetarianism in relation to health outcomes (3, 4, 49-57). Risk of mortality,
hypertension, metabolic syndrome, heart disease, stroke, and diabetes are lower among
vegetarians compared to non-vegetarians (3, 4, 48, 55, 58). Researchers have also found
that vegetarians have on average 12% lower LDL cholesterol concentrations and a mean
of 1 mmHg lower systolic blood pressure in comparison to non-vegetarians (51).
Conversely, a western dietary pattern which involves high intakes of foods containing fat,
sugar, and salt, is associated with increased weight gain and risk of cardiovascular disease,
type 2 diabetes, and cancer, as well as other nutritional issues (59, 60).

A randomised controlled trial investigating the effect of a 12 week low fat vegan diet
intervention on adult New Zealanders was successful in reducing weight, BMI, HbA1c and
cholesterol concentrations (61). At 6 months, the intervention group lost 10.6 kg more than
the control group who received standard medical care. Furthermore, BMI decreased by 3.9
points, and HbA1c by 5mmol/mol in the intervention group. At 3 months, there were also
greater reductions in total blood cholesterol (0.7 mmol/L) in intervention than control. The
intervention involved education on how to follow a healthful vegan diet and participants
12

were advised to eat ad libitum with no exercise encouraged. Vegetarian diets are known to
be lower in calories (62, 63), so the mechanism for these health benefits may be the
consumption of low energy dense foods. However the mean energy intake of the control
and intervention groups were not specified. It is also possible that increased healthful
dietary behaviours typically associated with vegetarianism such as reduced fast food and
increased fruit and vegetable consumption conferred health benefits (17). However as no
dietary habits of the intervention population were studied, it is impossible to say.

2.2.2
2.2.2.1

Dietary Habits among Vegetarians
Vegetarians and protein sources

Globally, the limited literature investigating vegetarians has had consistent findings when
comparing dietary habits of vegetarians to that of omnivores. Most studies focus on dietary
habits around protein alternatives to flesh based animal foods, as these define the
cornerstones of vegetarianism and are most likely to cause nutritional issues (9).

Bradbury et el concluded that vegetarians on average consume less of their total energy
intake from high protein foods when compared to non-vegetarians (around ¼ compared to
1/3 in non-vegetarians) (11). This is consistent with a finding by Papier et al (10), who
concluded that vegetarians do not completely replace meat with non-meat protein sources
or high-protein plant-sources but instead increase their consumption of a large variety of
plant-based-foods . These studies both found that vegetarians consumed higher amounts of
soy, legumes, pulses, nuts and seeds, and lower amounts of animal based protein foods than
non-vegetarians. Despite this, vegetarians overall were found to have lower total protein
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intakes in comparison to non-vegetarians, and these intakes were predicted to be inadequate
(10, 11). These studies were both on populations in the United Kingdom, however these
findings have been confirmed in the French (16) and Finnish population (64).

As New Zealand has no updated studies on dietary habits, it is unknown what types of, and
in what amount, protein containing foods are being consumed by individuals who are
adopting vegetarianism i.e. the adolescent and young female population. As animal-based
protein foods in the diet provide many nutrients conducive to health, the vegetarian diet
needs to be well-planned to ensure excluded foods are replaced with vegetarian alternatives
in sufficient quantities (9). This is an area that warrants investigation in New Zealand
vegetarians.

2.2.2.2

Vegetarians and healthful habits

Several researchers in the United Kingdom (10, 11) found that vegetarians consumed
higher amounts of fruit and vegetables, whole grains and unrefined carbohydrates, and
lower amounts of fried foods, refined grains, alcoholic drinks, and sugary drinks than nonvegetarians. Likewise, research conducted in France (16) and Finland (64) report a higher
consumption of cereals, grains, vegetables, and fruits among vegetarians. Intakes of
discretionary foods and fruit and vegetables provide a marker for healthful dietary habits
(32, 65). In the majority of the healthy population prolonged high intake of discretionary
foods and low intake of fruits and vegetables is likely more detrimental to health than
predicted suboptimal protein food intakes. For this reason, despite low protein intakes,
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multiple studies still conclude that vegetarianism is overall a more healthful diet, and is
more likely to meet nutritional guidelines, than an omnivorous diet (1, 10, 11, 16).

2.2.3

Modern day vegetarianism

A well-planned vegetarian diet is one that replaces excluded foods with appropriate
alternatives in sufficient quantities, or supplements if needed (9). If this is not done
correctly, vegetarianism can result in inadequacies of some nutrients (1). As
aforementioned, protein foods are commonly excluded in the vegetarian diet, and may not
be being replaced with alternatives in sufficient quantities. Vegetarianism should not be a
diet of exclusion, rather it should be viewed as substitution. However, increases in
commercially produced vegetarian foods, in the context of an increasingly obesogenic food
environment, may have resulted in a vegetarian diet that is markedly different from that
consumed historically. Furthermore, a lack of awareness around how to adopt a healthful
vegetarian diet can present issues (8).

Exclusion of protein foods is a defining dietary habit of vegetarianism and can lead to
nutritional inadequacies. This is concerning given that this diet is most frequently adopted
in adolescent females. Protein is needed for growth and repair of muscles and tissues, and
for the production of enzymes and hormones, all of which are crucial in adolescence (1).
Protein foods are also high in nutrients like iron, zinc, calcium, vitamin B12, and vitamin
D (64, 66). The risk of nutritional deficiencies of these nutrients increases as the degree of
exclusion of animal protein foods in the vegetarian diets increases, with vegans being at
highest risk (9, 64). With the onset of menarche, adolescent females are already at increased
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risk of iron deficiency even when following an omnivorous diet (13, 14, 27). Furthermore,
vegetarians bone mineral content is approximately 4% lower than omnivores, which in
combination with poor calcium intake and vitamin D status is a common risk factor for
osteoporosis as a woman ages (3). Peak bone mass is determined in adolescence, so
Vitamin D and calcium intakes need to be adequate during this period (67). It is well known
that the food environment has changed to be increasingly obesogenic in the last 10 years
(5, 6), and similarly the vegetarian diet has evolved (8). Given the nutritional consequences,
it is concerning that dietary habits of the modern vegetarian, particularly in adolescents,
are largely unknown.

2.3 Dietary habits of adolescents
An adolescent is defined as a person between the ages of 10 and 19 years (68). Diet during
adolescence has both short and long term impacts on health, so it is crucial to have healthful
dietary habits during this time. As aforementioned, in adolescence, nutrient and energy
needs are increased to allow for growth and development (34). For this reason, this
population is particularly at risk of nutritional inadequacies if nutrient intake is lacking.
Despite this, adolescents are more likely than any other population group to have
unhealthful dietary habits, including a high intake of fast foods (19, 69, 70). Dietary intake
is hugely variable due to changes that occur during this period of life. Increased autonomy
over food choices and disposable income, financial independence, moving out of home,
influence by peers, and targeted marketing are just a few reasons why we see a shift towards
unhealthful dietary habits in this group (71). The literature shows that adolescences as a
population group are less likely to meet national dietary recommendations than any other
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group (19, 72). As dietary behaviours during this time are likely to track into adulthood,
this is concerning (34).

A systematic review conducted by Keats et al (13) on adolescent females found that less
than half of girls sampled reported eating meat, poultry and fish. Two-thirds of girls
reported daily consumption of grains, legumes and pulses, with around 1/3 of girls eating
fruit and vegetables daily. This intake was reported insufficient to meet World Health
Organisation (WHO) dietary guidelines. High intakes of fast foods, sweet and salty snacks
and sugar sweetened beverages (SSBs) were common, with 20% of girls reported eating
fast foods daily, and salty snacks and sweet snacks being consumed by 80% and 65% of
girls, respectively, four to six times per week (13). This review was undertaken on
adolescent females in low and middle income countries, however these habits are typical
of a western dietary pattern that is known to be true in high income countries, such as New
Zealand (60, 73).
2.3.1.1

Dietary habits of adolescents in New Zealand

In New Zealand, the ANS observed similar findings to Keats et el. Seven percent, 17.2%
and 39.6% of adolescent females respectively had hot chips, takeaways, and sugary drinks
3 times or more a week (19). This is in comparison to the total population at 7.5%, 5.8%,
and 23.7% (19). A more recent study in New Zealand identified that only 3% of adolescents
met recommended serves per day across the 4 food groups, with servings of snack foods
per day exceeding that of vegetables and fruits. Furthermore, the median intake for milk at
250 ml per day matched that of sweet drinks (74). It should be noted that participants in
this study were obese, with an ethnic profile of 45% Māori, an average age of 10 years, and
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included both females and males. Therefore, these results are not generalisable to the New
Zealand female adolescent population.

Aside from these studies, the literature in New Zealand is limited around dietary habits of
adolescents, specifically females. The majority of studies conducted in this population in
New Zealand either investigate diet and measures of body fat (60, 69), or have developed
adolescent specific diet quality indices (22, 29, 33, 42). These studies do not measure
dietary habits as a primary outcome.

2.3.2

Dietary habits of adolescent vegetarians

The literature on adolescent vegetarians, and specifically adolescent female vegetarians, is
very limited. To the best of my knowledge, the only study on adolescent vegetarians was
conducted in the United States (18). They concluded that compared to non-vegetarians,
vegetarians consumed half a serving more of fruits, 1 serving more of vegetables and over
one serving more of nut/nut butters and meat alternatives such as legumes (18). Vegetarians
also consumed significantly less sugary beverages. No vegetarian participants in this study
met dietary recommendations for poultry, eggs, or fish, however the majority of
vegetarians met recommendations for legumes, dairy, nuts, and soy products. It is
important to note that this study was conducted in a population of Adventists, which as
aforementioned, may mean results are not able to be generalised to other populations.

In New Zealand, to the best of my knowledge, there has only been one study conducted on
the dietary habits of vegetarians. This was prior to the year 2000, again, in a population of
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adult Adventists (53). Outcome measures evaluated were vitamin, mineral and lipid levels,
as opposed to dietary habits.

2.4 Conclusion and rationale for research
It is of importance to examine the dietary habits of adolescent New Zealanders, as they are
likely to have changed in the last decade, with a higher prevalence of alternative dietary
patterns such as vegetarianism. There is little known in New Zealand about the dietary
habits of vegetarian adolescents, how their diet differs from that of omnivores outside of
the exclusion of flesh-based animal foods, and if their diet is more healthful than an
omnivorous diet. Although it has been proposed globally that protein containing foods are
suboptimal in this group, this has not been investigated in adolescents in New Zealand. It
is also unknown if unhealthful dietary habits that are characteristic of the modern
adolescent e.g. high intakes of discretionary foods and low intakes of fruit and vegetables,
are true if a vegetarian diet is being followed. The current study was conducted to
investigate dietary habits of vegetarian and non-vegetarian adolescent females. This study
focuses on both animal and plant based protein-rich foods (i.e. vegetarian meat alternatives,
dairy, and eggs), and general markers of healthful and unhealthful behaviours such as fast
foods, SSBs, snacks, and fruit and vegetable intakes. Frequency of consumption of these
dietary habits will be assessed in both vegetarian and non-vegetarian populations to allow
for comparison.
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3. Objective Statement

The aim of this study was to investigate the frequency of intake of: protein-rich food
groups; fruit and vegetables; and discretionary foods among adolescent female vegetarians,
and compare these with non-vegetarian adolescents.

The objectives of this study are:
1.

To determine frequency of intake of animal and plant based protein-rich foods in
adolescent vegetarians, and compare this to non-vegetarians

2. To compare frequency of intakes of high fat, sugar, salt discretionary foods
including takeaways/ fast foods, sugary beverages, confectionary, and snack food
intakes between vegetarians and non-vegetarians.
3. To compare the percentage of vegetarians and non-vegetarians who are meeting
national recommendations for fruit and vegetable intake.
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4. Methods
4.1 Study design
This study was a cross-sectional, observational survey in adolescent females aged 15- 18
years that attended high school in New Zealand. It was conducted over a one-year period
with data collection being undertaken in 13 schools across eight locations throughout New
Zealand, and targeted recruitment of vegetarians in Dunedin. Data were collected by
Master of Dietetic students, and schools were selected based on the availability of data
collectors, therefore this is a convenience sample, and the resulting data was clustered in
relation to the schools (with the exception of the targeted recruitment data). Consideration
was given to gather a spread of schools throughout New Zealand e.g. in both the North and
South Island, however some locations have had multiple schools recruited e.g. Whangarei,
Wellington, and Dunedin. Targeted recruitment of adolescent female vegetarians took
place after the first three months of data collection revealed low enrolment numbers of
vegetarians through the school based recruitment system.

Outcomes of the study included dietary intake and biochemical status of select nutrients;
dietary habits; attitudes and beliefs around food choice; 24 hour activity patterns; and
weight loss intentions and methods. The focus of these measures was to compare these
outcomes between adolescent females who identified they follow a vegetarian diet to those
who were non-vegetarian. The outcomes which were examined in this thesis were dietary
habits of vegetarian and non-vegetarians, specifically animal and plant based protein foods,
discretionary foods, and fruit and vegetables. The present study only analysed data of
participants who completed the DHQ.
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4.1.1

Ethics

This study was approved by the University of Otago Human Ethics Committee (Health)
(H19/004) (Appendix A), and the Ngāi Tahu Research Consultation Committee
(Appendix B). The study was registered with the Australian New Zealand Clinical Trials
Registry (ACTRN12619000290190). All subjects provided online informed consent prior
to being enrolled in the study (Appendix C). For participants under the age of 16 years
obtained online informed consent was also obtained from their parents or legal guardians.

4.2 Participants
4.2.1

Inclusion and exclusion criteria

Individuals who self-identified as female and were between 15 and 18 years of age, who
were enrolled in one of the recruited high schools, who were able to speak and understand
English, and able to complete the required online questionnaires were eligible to
participate. In addition, females aged 15-18 years who identified as vegetarian living in
Dunedin were also eligible for recruitment.
Participants were excluded if they knew they were pregnant. Individuals under the age of
16 years who could not obtain online consent from parents or caregivers were excluded.

4.2.2

Recruitment

Recruitment of schools began in November 2018 and concluded in August 2019.
Participant recruitment and data collection took place from February- April 2019 and JulySeptember 2019 to coincide with term one and term three of the school year.
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4.2.3

School Recruitment

Recruitment was both school-based and targeted. Schools were invited to participate based
primarily on the convenience of their location to data collectors, secondly by decile, and
thirdly by roll number. Schools with a lower decile, and greater than 400 students total or
200 girls were given preference. Initially, study coordinators sent invitations by email to
the schools, with the first invites being sent from November 2018. Data collection was to
be performed by pairs of Master of Dietetic students, and invitations were sent to three
schools per pair. In some cases, there were multiple pairs of students in one centre (e.g.
there were two pairs of data collectors in Dunedin), so six schools were selected for initial
invitation. The aim of school recruitment was to get one school per pair of data collectors.
If schools did not respond, study coordinators followed up with an email or phone call. If
a second round of recruitment was needed, higher decile and lower roll schools were
invited to participate. Following this, if schools were still required in certain locations, they
were recruited through other means such as recruitment visits from data collectors, or the
university liaison officers utilising known points of contact at schools in the required
locations.

Thirteen schools were recruited in total, which was less than the required 14 schools,
however targeted recruitment of vegetarians in Dunedin took the place of one school. The
school locations were Dunedin, Wellington, Christchurch, New Plymouth, Nelson,
Whangarei, Tauranga, and Wanaka. Seven schools were recruited through initial email and
phone contact of schools selected by higher roll number (Columba, Hornby, Kaikorai
Valley, Mt Aspiring, Mt Maunganui, Spotswood, Whangarei Girls). Six schools (Bayfield,
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Kapiti, Queens, St Catherine’s, Tauraroa, Waimea) were recruited through other means.
Once schools registered their interest through responding to the aforementioned
recruitment requests, they were contacted to arrange dates and times for participant
recruitment and data collection to begin in the schools.

4.2.4

Participant recruitment

The flow of participants through the study is shown in Figure 4.1. Data collection in the
schools began with participant recruitment. Participants were recruited by data collectors
entering the school and screening an informational video about the study. Participants were
also provided with an information sheet (Appendix D). The video was screened via a
whole school assembly, year group assembly, or specific classes, dependent on the
preference of the school. A short informative presentation about the study and what would
be required of the participants was given by data collectors following the screening.
Participants were informed they did not have to complete all components of the study to
participate, as the study was broken up into different sections e.g. accelerometer, urine,
blood, two 24 hour recalls, and questionnaires. However, completion of all components of
the study was encouraged. An incentive to participate in the study was offered at this time,
with a total of $30 in grocery vouchers available per participant. These were broken into
$5 vouchers for the completion of each section of the study.

If students were interested in the study, they could register their interest by recording their
name, age, and email address with the data collectors after the in-school presentation. The
option was also given to visit the SuNDiAL website (www.otago.ac.nz/sundial) where they
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could read more information, re-watch the video, and re-read the information sheet. The
website allowed recording of name, age, email address, and the high school of the
participant. If the participant was under the age of 16 years, a parent or legal guardian’s
email address was also requested along with the participants email address. After
registering interest, the study coordinator assigned ID numbers to protect anonymity of the
participants and emailed a link to the provided email with an enrolment questionnaire,
containing consent (Appendix C).

4.2.5

Targeted recruitment

After the first six months of the study, targeted recruitment of vegetarians began in Dunedin
due to low enrolment numbers of vegetarians. Adolescent females aged 15-18 years who
identified as vegetarian were recruited through advertising in local papers and on social
media. To register interest, participants were directed to the study website
(www.otago.ac.nz/sundial) where they could view the aforementioned study video, read
the information sheet, and provide their name, email address and age if wishing to
participate. The same process was followed as school recruitment, in that a link to a
questionnaire was emailed to obtain consent, and enrolment.
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Figure 4.1: Participant recruitment and flow of participants through the study
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4.3 Data collection
4.3.1

All measures

There were multiple outcomes in this study and therefore multiple measures, however
because the present study focused on dietary habits, the most relevant measure is the
Dietary Habits questionnaire. Several online questionnaires were administered. The first
questionnaire was an enrolment questionnaire which collected consent, and information
about demographics, vegetarian status, and health status. Participants self-reported in the
enrolment questionnaire if they identified as being vegetarian. Once this initial
questionnaire was completed, the participant was considered to be enrolled in the study.
Subsequent questionnaires collected information about dietary habits, weight loss, and
attitudes and motivations for food choice. Anthropometric measures were carried out at the
individual’s school, or at the Student Dietitian clinic in Dunedin if the participants were
targeted recruitment.

4.3.2

Vegetarian status

Vegetarian status was self-identified in the online enrolment questionnaire through a
question asking, “Are you vegetarian or vegan?”, with yes or no as possible answers on a
drop-down list. Similarly, the individual was then asked to identify if they were vegan.
Follow on questions were then asked such as “which foods do you eat” and a drop-down
list containing egg, cows milk, seafood, poultry, red meat, or none of the above. As many
options as applicable were able to be selected. “How long have you been following this
way of eating?” was also asked (Appendix E).
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4.3.3

Demographics

Demographic variables were collected in the enrolment questionnaire (Appendix F).
Variables collected were age, ethnicity, and NZ deprivation index category (NZDep). All
variables were self-reported except for the deprivation index. Age was defined as age at
enrolment in years.

Participants were assigned to ethnic groups based on the priority classification system
defined by the Ministry of Health New Zealand (75). The priortisation order from highest
to lowest was: Māori; Pacific; Asian; and New Zealand European and others. For example,
if a participant identified as both Māori and NZ European, they were classified as Māori.
An NZDep score was assigned to each participant based on the participants reported
address at enrolment. Participants were then categorised into low, moderate, or high
deprivation based on their score. NZDep is a measure of socioeconomic deprivation in New
Zealand, with the most recent data being available from 2013 (76). It measures eight
variables of material and social deprivation of people in New Zealand, in small areas called
meshblocks. Each meshblock is given a score between 1 and 10, with score 1 being least
deprived and 10 being most deprived. This information can be presented in deciles from 110 with 1 being least deprived and 10 being most deprived, or can be categorised into low,
moderate, and high deprivation. In the present study, NZDep information was presented in
categories. Low deprivation was categorised from an NZDep 2013 score of 1-3, moderate
deprivation from a score of 4-7, and high deprivation from a score of 8-10.
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4.3.4

Anthropometrics

Anthropometric measures recorded were height and weight, from which body mass index
was calculated. Trained data collectors took these measures in duplicate at the first
appointment with the participant. Data collectors were supplied with standardised protocols
which are based on published and widely accepted practice (Appendix G).
Standing height was measured using a stadiometer (Seca 213 or Wedderburn). Weight was
measured using electronic scales (Medisana PS420, Salter 9037 BK3R, Seca Alpha 770,
or Soehnle Style Sense Comfort 400) that were calibrated by the research team.
BMI Z-scores were calculated from the participant’s height and weight using the WHO
child growth standards as the reference (77). From the BMI Z-score, participants were
categorised into weight categories of healthy, overweight, or obese.

4.3.5

Dietary habits questionnaire

Dietary habits were measured using the SuNDiAL DHQ (Appendix H). The questionnaire
was administered via a link sent to emails of participants after enrolment had been
completed. The questionnaire was able to be saved and resumed at a later time if the
participant needed.

The questionnaire was modified from the ANS DHQ. The ANS DHQ was not validated,
however it was cognitively tested in a sample of 30 Adult New Zealanders. Similarly, the
SuNDiAL DHQ was not validated as it was beyond available resources to do so. However
as recommended by previous research, the questionnaire was specifically designed for the
population of use. It incorporated an updated food list of commonly consumed foods in
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New Zealand adolescents, and vegetarian protein sources (41, 78) which were not present
in the ANS DHQ.

The SuNDiAL DHQ contained 49 questions on foods and dietary habits, with an additional
section on supplement use which asked three questions per supplement taken. The present
thesis analysed 23 of these questions, which were based around flesh-based animal foods,
dairy, eggs, vegetarian meat alternatives, discretionary foods, and fruit and vegetables. One
question around bread intake was also included in the analysis.

Participants reported frequency of intake of a food item using a drop-down list. Nine
possible frequency of intake options were available to select from. This provided more
options for the participant and therefore more specificity of the questionnaire, in
comparison to the seven frequency options that were used in the ANS. It is of note that the
recall period was not specified in the SuNDiAL DHQ, whereas in the ANS DHQ, it was
recommended participants recall the previous four weeks prior to answering.

Possible frequency options given ranged from ‘never’ to ‘more than 3 times per day’ or
‘more than 3 serves per day’ in the case of fruits and vegetables. Serving sizes were
provided by descriptions of a standard serving e.g. “A serving is the same as a medium
piece of fruit like an apple”. If a specific type of a food chosen e.g. wholegrain vs white
bread, made a difference to its nutritional content, it was asked to be specified e.g. bread,
milk, and spread questions asked for both frequency and type.
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The questionnaire included eight overarching food groups: fruits and vegetables (2
questions), milk and other dairy (6 questions), bread (2 questions), spreads and oils (2
questions), nuts and nut butters (15 questions), meat (6 questions), eggs (1 question), and
vegetarian meat alternatives (5 questions). Dietary habits questions asked around
discretionary foods (9 questions) such as sweet drinks, high fat, sugar, salt snack foods,
confectionary, takeaways and fast foods, in addition to a question on breakfast eating. As
the present study focused on animal and plant-based protein foods, discretionary foods, and
fruit and vegetables, only a select few of these food groups and questions were analysed.

4.4 Data analysis
4.4.1

Sample size

Assuming a design effect (for school clusters) of 1.5 and a prevalence of vegetarianism of
20%, n=297 participants were needed to detect a difference of 0.5 SD with 80% power to
the 5% significance level. Recruitment was limited to the 2019 school year and participant
numbers were maximised where possible.

4.4.2

Statistical analysis

The coding and preliminary cleaning of all data from questionnaires used in this study
(enrolment questionnaire and dietary habit questionnaire) were completed by Dr Jill
Haszard, a biostatistician within the Human Nutrition Department at the University of
Otago. All data was interpreted with use of a codebook and data dictionary.
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4.4.2.1

Vegetarian status and demographics

Prevalence was calculated for age, ethnicity, NZDep, and vegetarianism.

4.4.2.2

Anthropometrics

Weight categories were calcualted from BMI z-scores as follows. Healthy weight was
defined as a Z-score of -2 to +1; overweight as from >+1 to ≤+2, and obese as >+2. No
participants were classified as underweight (Z-score <-2) in this study.

To demonstrate consistency between data collectors in the measurement of anthropometric
measures in the SuNDiAL study, an inter-rater reliability study was carried out before the
study started. Twenty-seven of the 30 data collectors took part in this assessment. Twelve
girls (convenience sample) between the ages of 15 and 18 gave consent to have their height,
weight, and ulna length measured. Each data collector measured four girls twice. These
repeats were not successive and data was recorded on a fresh page for each repeat. A
standard protocol was provided to all data collectors. Measurements were not to be read
out loud. Inter-rater reliability was assessed using mixed effects intra-class correlation
coefficients (ICC).

The ICC for weight was 1.00; the ICC for height was 0.92; and the ICC for ulna length was
0.86. All ICC indicated excellent agreement between data collectors. Of note, variation in
measures for height were greatest when measuring the tallest girls, suggesting that more
care may be needed when measuring taller girls. In response to this, a step stool was
provided to all data collectors and instructions to use safely when needed.
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4.4.2.3

Dietary habits questionnaire

Descriptive analysis was performed using Excel (version 16.3). Nine frequency of response
options from the DHQ were combined to form five categories. However analysis and
presentation of the data differed depending on what foods were being analysed and how
the data was best able to be understood.

For the tables ‘Comparison between frequency of intake of protein foods in vegetarians
and non-vegetarians’ and ‘Comparison between frequency of intake of discretionary foods
in vegetarians and non-vegetarians’, data was combined to form five categories; exclude
or rarely have, 1-3 times a month, weekly, 2-6 times a week, once or more a day. For the
table ‘Comparison between fruit and vegetable intake in vegetarians and non-vegetarians’,
data was combined to form five categories, however because this information was specified
in serving sizes, these categories were as follows: less than 1 serving a week, 1-4 servings
a week, 5 servings a week-daily, 2 servings a day, 3 or more servings a day.

Prevalence was calculated for each specified frequency of consumption category for both
vegetarian and non-vegetarian data using Excel. Confidence intervals for the prevalence
were calculated using STATA/version 12 (Stata Corp. Stata Statistical Software: Release
12. Texas). All confidence intervals given were calculated at 95%. Comparisons between
vegetarians and non-vegetarians were performed by inspecting the confidence intervals and
using clinical judgement to report any meaningful differences.
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5. Results
5.1 Demographic characteristics
Participant demographics are presented in Table 5.1. Two hundred and forty eight
participants completed the Dietary Habits Questionnaire. Thirty-three of these participants
identified as vegetarian and 215 identified as non-vegetarian. The age range of participants
was 15 to 18 years on enrolment into the study, with a mean and standard deviation (SD)
of 16.8 (0.9) years. Vegetarians were slightly older than non-vegetarians, with 75.7% being
17-18 years old compared to 59.5% of non-vegetarians.

Of total participants who

completed the DHQ, 58.9% had a BMI z-score in the healthy range. There was a slightly
higher prevalence of those with a healthy bodyweight among vegetarians (66.7%),
compared to non-vegetarians (57.7%). Vegetarians also had a lower prevalence of
overweight and obesity. Participants were predominantly of New Zealand European or
‘other’ descent. There was a higher proportion of Māori in the vegetarian group (24.2%)
compared to the non-vegetarian group (12.0%). Most participants were categorised into
moderate deprivation (46.4%), with prevalences of participants in a deprivation category
being similar between vegetarian and non-vegetarians.
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Table 5.1: Demographic characteristics of Dietary Habits Questionnaire participants
Characteristics

Participants (n=248)3

Vegetarian (n=33)

Non-vegetarian (n=215)

15

23 (9.3)

1 (3.0)

22 (10.2)

16

72 (29.0)

7 (21.2)

65 (30.2)

17

95 (38.3)

18 (54.5)

77 (35.8)

18

58 (23.4)

7 (21.2)

51 (23.7)

NZEO3

200 (80.6)

25 (75.6)

175 (81.4)

Maori

34 (13.7)

8 (24.2)

26 (12.0)

Asian

9 (3.6)

0

9 (4.2)

Pacific

5 (2.0)

0

5 (2.3)

Healthy

146 (58.9)

22 (66.7)

124 (57.7)

Overweight

52 (21.1)

5 (15.1)

47 (21.9)

Obese

24 (9.7)

2 (6.1)

22 (10.2)

Missing data

26 (10.5)

4 (12.1)

22 (10.2)

Low deprivation

89 (35.9)

13 (39.4)

76 (35.3)

Mod. Deprivation3

115 (46.4)

15 (45.5)

100 (46.5)

High deprivation

43 (17.3)

5 (15.2)

38 (17.7)

1

0

1 (0.4)

Age, n (%)

Ethnicity, n (%)

Weight status, n (%)1

NZDep2, n (%)

Missing data

1 Weight status was calculated from the World

Health Organisation Child BMI z-scores (77). Healthy weight was defined
as a Z-score of -2 to +1; overweight as from >+1 to ≤+2, and obese as >+2.
2 Low deprivation was categorised as a NZDep2013 score of 1-3, moderate deprivation was a score of 4-7, and high
deprivation was 8-10.
3Abbreviations: n= number, NZDep= New Zealand Deprivation Index, Mod=moderate, NZEO= New Zealand
European/Other
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5.2 Self-reported prevalence of animal derived foods in the diet of vegetarians
In the enrolment questionnaire, vegetarians were asked to identify which animal derived
foods they included in their diet. A visual representation of this can be seen in Figure 5.1.
All participants who included cow’s milk also included eggs, which is defined as a lactoovo-vegetarian. Of the vegetarians who included eggs, 31.8% excluded cow’s milk, which
is defined as an ovo-vegetarian. Of the 24.2% that include fish or seafood (pescatarians)
25% of these also included chicken or poultry (pesco-pollo vegetarians). Of the total
population (n=248), 13.3% of the participants identified as being vegetarian and were
included in the vegetarian analysis.

Figure 5.1: Self-reported prevalence of animal derived foods in the diet of
vegetarians1
1n=33

vegetarians
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5.3 Animal based protein foods
5.3.1

Egg

The relative majority of vegetarians (39.4%, 95% CI: 21.8-57) rarely consume or exclude
eggs. This is appreciably different to non-vegetarians at 11.6% (95% CI: 7.3-15.9). No
vegetarians included eggs once a day or more. The plurality of non-vegetarians (35.8%)
have eggs 2-6 times a week (Table 5.2)

5.3.2

Milk

When asked how often they consumed milk of any type i.e. cow or plant, the relative
majority of vegetarians answered 2-6 times a week (36.4%) and plurality of nonvegetarians answered daily or more than once a day (41.4%) (Table 5.2).
When looking solely at cows milk intake, appreciably more vegetarians (66.7%, 95% CI:
49.7-83.6) exclude or rarely consume cow’s milk, compared to non-vegetarians (20.9%,
95% CI: 15.4-26.4) (Table 5.2). Among vegetarians, 15.1% consumed cow’s milk more
than once a week, which is considerably less than non-vegetarians at 63.8%. Only 6% of
vegetarians included cows milk once or more a day (Figure 5.2).

5.3.3

Dairy

For dairy sources other than cow’s milk i.e. cheese and yoghurt, the relative majority of
vegetarians (48.5%, 95% CI: 30.5-66.5) answered they exclude or rarely consume dairy
(Table 5.2). This is in comparison to 8.9% (95% CI: 15.4-26.4) of non-vegetarians. Only
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42.1% of vegetarians have these foods more than once a week compared to 77.6% of nonvegetarians. Only 12.1% of vegetarians include dairy once or more a day (Figure 5.3)
When asked what milk type they consumed, 27.3% of vegetarians answered cows milk and
63.6% answered plant based milk (Figure 5.4a). This is in comparison to non-vegetarians
of which 72.2% had cows and 17.2% had plant-based milk (Figure 5.4b).
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Table 5.2: Comparison between frequency of intake of protein foods in vegetarians 1,2 and non-vegetarians1,2
Questions
How often do you eat
egg?

Exclude or rarely have

1-3 times a month

Weekly

2-6 times a week

Once or more a day

Vegetarian

39.4 (21.8-57.0)

15.2 (2.2-28.1)

18.2 (4.3-32.1)

27.3 (11.2-43.3)

0

Non-vegetarian

11.6 (7.3-15.9)

17.7 (12.5-22.8)

27.9 (21.9-34.0)

35.8 (29.4-42.3)

7.0 (3.5-10.4)

Vegetarian

15.2 (2.2- 28.0)

6.0 (0-14.7)

15.2 (2.2-28.0)

36.4 (19.0-53.7)

27.3 (11.2-43.3)

Non- vegetarian

14.0 (9.3-18.6)

3.3 (0.9-5.6)

8.8 (5-12.7)

32.6 (26.2-38.9)

41.4 (34.8-48.0)

Vegetarian

66.7 (49.7-83.6)

6.0 (0-14.6)

12.1 (0.4-23.9)

9.1 (0-19.4)

6.0 (0-14.7)

Non- vegetarian

20.9 (15.4-26.4)

6.5 (3.2-9.8)

8.8 (5.0-12.7)

29.3 (23.2-35.4)

34.5 (28.0-40.8)

48.5 (30.5-66.5)

6.0 (0-14.7)

3.0 (0-9.2)

30.3 (13.8-46.9)

12.1 (0.37-23.9)

8.9 (5.0-12.7)

7.0 (3.5-10.4)

6.5 (3.1-9.8)

46.0 (39.3-52.8)

31.6 (25.4-37.9)

How often do you
have milk (cows or
plant)?

How often do you
have cows milk?

How often do you eat
dairy products
excluding milk?
Vegetarian
Non- vegetarian

Continued…
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How often do you eat
Processed meat (e.g.
ham, bacon, sausages,
luncheon, canned
corned beef, pastrami,
salami)
Vegetarian
Non-vegetarian

97.0 (90.8-100)

0

3.0 (0-9.2)

0

0

8.4 (4.6-12.1)

14.9 (10.1-19.7)

17.2 (12.1-22.3)

48.8 (42.1-55.6)

10.7 (6.5-14.9)

97.0 (90.8-100)

0

0

3.0 (0-9.2)

0

6.1 (2.8-9.3)

8.4 (4.6-12.1)

13.5 (8.9-18.1)

52.6 (45.8-59.3)

19.5 (14.2-24.9)

100.0

0

0

0

0

26.0 (20.1-32.0)

33.5 (27.1-39.8)

26.5 (20.6-32.5)

13.5 (8.9-18.1)

0.5 (0-1.4)

90.9 (80.6-100)

3.0 (0-9.2)

0

6.0 (0-14.7)

0

2.3 (0.3-4.4)

8.8 (5.0-12.7)

21.9 (16.3-27.5)

61.4 (54.8-68.0)

5.6 (2.5-8.7)

How often do you eat
red meat? (excluding
processed meat)
Vegetarian
Non-vegetarian
How often do you eat
pork?
Vegetarian
Non-vegetarian
How often do you eat
poultry? (e.g. chicken,
turkey etc.)
Vegetarian
Non-vegetarian

Continued…
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How often do you eat
fish?
Vegetarian

69.7 (53.1-86.2)

6.0 (0-14.7)

15.2 (2.2-28.1)

9.1 (0-19.4)

0

Non-vegetarian

27.9 (21.9-34.0)

37.2 (30.7-43.7)

22.3 (16.7-27.9)

12.1 (7.7-16.5)

0.5 (0-1.4)

84.8 (71.9-97.8)

3.0 (0-9.2)

9.1 (0-19.4)

3.0 (0-9.2)

0

66.0 (60-72.4)

24.7 (18.8-30.5)

6.0 (2.8-9.3)

3.3 (0.9-5.6)

0

9.1 (0-19.4)

9.1 (0-19.4)

3.0 (0-9)

57.6 (39.8-75.4)

21.3 (6.5-35.9)

37.7 (31.1-44.2)

33.0 (26.7-39.4)

13.5 (8.9-18.1)

15.4 (10.5-20.2)

0.5 (0-1.4)

Vegetarian

27.3 (11.2-53.7)

33.4 (16.4-53.7)

18.2 (4.3-`32.1)

12.1 (0.4-23.9)

9.1 (0-19.4)

Non-vegetarian

93.0 (89.6-96.5)

6.0 (2.8-9.3)

0.5 (0-1.4)

0.5 (0-1.4)

0

How often do you eat
other
seafood/shellfish?
(e.g. prawns, squid,
crab)
Vegetarian
Non-vegetarian
How often do you eat
lentils, chickpeas,
kidney
beans or baked beans
e.g. legumes? (Do not
include peas or
peanuts)
Vegetarian
Non-vegetarian
How often do you eat
tofu, tempeh and tofu
products?

Continued…
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How often do you eat
vegetarian ingredients
(e.g. quorn, nut meat,
vegetarian mince) that
are used in other
dishes?
Vegetarian

36.4 (19-53.7)

36.4 (19-53.7)

6.1 (0-14.7)

12.1 (0.4-23.9)

9.1 (0-19.4)

94.4 (91.3-97.5)

3.8 (1.2-6.3)

1.4 (0-3.0)

0.5 (0-1.4)

0

Vegetarian

45.4 (27.5-63.9)

21.3 (6.5-35.9)

6.1 (0-14.7)

18.2 (4.3-32.1)

9.1 (0-19.4)

Non-vegetarian

91.2 (87.3-95.0)

7.0 (3.5-10.4)

0.5 (0-1.4)

1.4 (0-3.0)

0

Vegetarian

54.5 (36.0-72.5)

18.2 (4.3-32.1)

6.1 (0-14.7)

9.1 (0-19.4)

12.1 (0.4-23.9)

Non-vegetarian

95.8 (93.1-98.5)

1.9 (0-3.7)

0.9 (0-2.2)

0.9 (0-2.2)

0.5 (0-1.4)

Non-vegetarian
How often do you eat
vegetarian sausages,
nuggets, patties etc?

How often do you eat
vegetarian "meat
alternatives" (e.g.
chicken-free chicken)

1 All

data is prevalence (95% Confidence Interval)
n=33, Non-vegetarian n=215

2 Vegetarian
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Figure 5.2: Prevalence of frequency of cows milk intake in vegetarians and nonvegetarians1,2

Figure 5.3: Prevalence of frequency of dairy intakes in vegetarians vs nonvegetarians1,2
1vegetarian
2

n=33
non-vegetarian n=215
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Figure 5.4a: Prevalence of plant-based and cows milk intakes in vegetarians1,2

Figure 5.4b: Prevalence of plant-based and cows milk intakes in non-vegetarians1,2
1vegetarian
2

n=33
non-vegetarian n=215
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5.4 Flesh based protein foods
5.4.1

Processed and red meat

The majority of vegetarians (97.0%, 95% CI: 90.8-100) exclude or rarely consume
processed meat and red meat. This was appreciably different to non-vegetarians, where
processed meat was excluded by 8.4% (CI:4.6-12.1), and red meat by 6.1% (CI:2.8-9.3).
The relative majority of non-vegetarians had processed (48.8%, CI: 42.1,55.6) and red meat
(52.6%, 45.8-59.3) 2-6 times a week (Table 5.2).

5.4.2

Pork

All vegetarians (100%) identified they exclude or rarely have pork, which was markedly
different to non-vegetarians at 26% (CI: 20.1-32.0). Most non-vegetarians (59.5%) had
pork 3 times a month or less (Table 5.2).

5.4.3

Chicken and poultry

Of vegetarians, 90.6% (CI:80.6-100) never or rarely have chicken or poultry, which is
considerably different to non-vegetarians at 2.3% (95% CI:0.3-4.4). Most non-vegetarians
include poultry 2-6 times a week (61.4%) (Table 5.2)

5.4.4

Fish and seafood

Of vegetarians, 75.7% have fish less than 3 times a month, of which 69.7% (CI:53.1-86.2)
exclude or rarely consume fish, and 6.0% (95% CI:0-14.7) consume 1-3 times a month.
This is different to non-vegetarians, of which 27.9% (95%CI:21.9-34.0) exclude or rarely
have fish, and 37.2% (30.7-43.7) have 1-3 times a month. The majority of vegetarians
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(84.8%) and non-vegetarians (66.0%) exclude or rarely eat shellfish or other seafood
(Table 5.2).

5.5 Vegetarian protein foods
5.5.1

Legumes

The majority of vegetarians (78.9%) have legumes more than once a week, with most
having 2-6 times a week (57.6%, 95% CI: 39.8-75.4) (Table 5.2). Conversely, nonvegetarians were more likely to exclude, rarely eat, or consume legumes only 1-3 times per
month compared to vegetarians. Legume intake was appreciably different between
vegetarians and non-vegetarians across every frequency of intake (Figure 5.5).

Figure 5.5: Prevalence of frequency of legume intakes in vegetarians and nonvegetarians1,2
1vegetarian
2

n=33
non-vegetarian n=215

46

5.5.2

Tofu/tempeh

The relative majority of vegetarians eat tofu/tempeh 1-3 times a month (33.4%). Only
21.2% of vegetarians include tofu more than once a week. Tofu intake was appreciably
different between vegetarians and non-vegetarians across several of the lower frequencies
of intake, from rarely have or exclude, to weekly. It is of note that 93% (95% CI:89.6-96.5)
of non-vegetarians rarely have or exclude tofu compared to 27.3% (95% CI: 11.2-53.7) of
vegetarians (Table 5.2).

5.5.3

Vegetarian ingredients

Among vegetarians, 72.8% had vegetarian ingredients i.e. quorn, nut meat, vegetarian
mince, 3 times a month or less, with 36.4% of those rarely consuming or excluding these
ingredients. This was different to non-vegetarians, of which 94.4% rarely had or excluded
vegetarian ingredients. Similar to tofu, only 21.2% of vegetarians included these foods
more than once a week (Table 5.2).

5.5.4

Vegetarian sausages, nuggets, patties.

The relative majority of vegetarians rarely consumed or excluded these foods (45.4%, 95%
CI:27.5-63.9). More non-vegetarians than vegetarians rarely had or excluded at 91.2%
(95% CI: 87.3-95.0). Of vegetarians, 27.3% included these foods more than once a week,
which was slightly higher than the inclusion of tofu, vegetarian ingredients, and meat
alternatives (Table 5.2).
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5.5.5

Meat alternatives

Most vegetarians exclude or rarely have meat alternatives and substitutes i.e. chicken-free
chicken, with 72.7% consuming these 3 times a month or less. This was appreciably
different to non-vegetarians at 97.7%. Of vegetarians, 21.2% included meat alternatives
more than once a week (Table 5.2).

5.6 Bread intakes
Vegetarians consumed bread less frequently than non-vegetarians. The majority (84.9%)
of vegetarians included bread once a day or less, in comparison to 77.7% of nonvegetarians. Of vegetarians 12.1% rarely or never included bread, in comparison to 7.4%
of non-vegetarians (data not shown).
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5.7 Discretionary foods
5.7.1

Fizzy drinks

Of vegetarians, 87.9% consume fizzy drinks less than 3 times a month, with 75.8% (95%
CI: 60.3-91.2) excluding or rarely having them (Table 5.3). Less non-vegetarians exclude
or rarely have fizzy drinks in comparison to vegetarians (49.8%, 95% CI:43.0-56.5)
(Figure 5.6).

Figure 5.6: Prevalence of frequency of intakes of Fizzy drinks in vegetarians and nonvegetarians1,2
1vegetarian
2

n=33
non-vegetarian n=215
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5.7.2

Confectionary

Of vegetarians, 18.1% had confectionary more than once a week, compared to 31.2% of
non-vegetarians. Of vegetarians, 54.5% had confectionary 3 times a month or less
compared to 41.9% of non-vegetarians (Table 5.3).

5.7.3

Sweet and savoury snacks

The frequency of intake of snacks among vegetarians and non-vegetarians did not appear
to be appreciably different. Most vegetarians and non-vegetarians included sweet foods
(i.e. biscuits, cakes, slices, muffins, pastries, or muesli bars) once a week or more at 69.7%
and 70.6% respectively. Highest relative intakes for sweet snacks in both diet groups were
in the 2-6 times a week category.

Similarly, 69.7% of vegetarians included savoury snacks (i.e. chips and crackers) once a
week or more, in comparison to 73.9% of non-vegetarians. Highest relative intakes for
savoury snacks in both diet groups were again in the 2-6 times a week category (Table
5.3). It is of note that for both sweet and savoury snacks, more vegetarians than nonvegetarians did exclude or rarely consume.

5.7.4

Takeaways and fast food

The relative majority of intake of takeaways (i.e. McDonalds, KFC) was 1-3 times a month
for both vegetarians (44.5%) and non-vegetarians (46.0%). Most vegetarians (77.8%) and
non-vegetarians (70.6%) had takeaways 3 times a month or less. The relative majority of
other ready to eat fast foods (i.e. pies), was highest for both vegetarian and non-vegetarians
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in the exclude or rarely have category at 60.6% and 47.9% respectively (Table 5.3). More
vegetarians than non-vegetarians excluded or rarely had takeaways and fast food.
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Table 5.3: Comparison between frequency of intake of discretionary foods in vegetarians1,2 and non-vegetarians1,2
Questions

Exclude or rarely have

1-3 times a month

Weekly

2-6 times a week

Once or more a day

Vegetarian

75.8 (60.3-91.2)

15.1 (2.2-28.1)

9.1 (0-19.4)

0

0

Non-vegetarian

49.8 (43.0-56.5)

29.8 (23.6-35.9)

10.2 (6.1-14.3)

8.8 (5.0-12.7)

1.4 (0-3.0)

Vegetarian

21.2 (6.5-35.9)

33.3 (16.4-50.3)

27.3 (11.2-43.3)

15.1 (2.2-28.1)

3.0 (0-9.2)

Non-vegetarian

12.6 (8.1-17.0)

29.3 (23.2-35.4)

27.0 (21.0-33.0)

29.3 (23.2-35.4)

1.9 (0-3.7)

Vegetarian

12.1 (0.4-23.9)

18.2 (4.3-32.1)

21.2 (6.5-35.9)

39.4 (21.8-57.0)

9.1 (0-19.4)

Non-vegetarian

9.9 (5.8-13.8)

19.5 (14.2-24.9)

17.2 (12.1-22.3)

38.1 (31.6-44.7)

15.3 (10.5-20.2)

How often do you drink
fizzy drinks? Exclude
diet varieties.

How often do you eat
lollies, sweets,
chocolate
or confectionary?

How often do you eat
biscuits, cakes, slices,
muffins, sweet pastries
or muesli bars? Include
nut and other snack
bars.

Continued…
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How often do you eat
savoury snacks such as
chips (crisps not hot
chips) and crackers?
Vegetarian

3.0 (0-9.2)

27.3 (11.2-43.3)

33.3 (16.4-50.3)

36.4 (19.0-53.7)

0

7.9 (4.3-11.5)

18.2 (12.9-23.3)

16.3 (11.3-21.3)

50.2 (43.5-57.0)

7.4 (3.9-11.0)

Vegetarian

33.3 (16.4-50.3)

44.5 (27.5-63.4)

15.2 (2.2-28.1)

6.1 (0-14.7)

0

Non-vegetarian

24.6 (18.8-30.5)

46.0 (39.3-52.8)

23.7 (18.0-29.5)

5.6 (2.5-8.7)

0

Vegetarian

60.6 (43.0-78.2)

30.4 (13.8-46.9)

9.1 (0-19.4)

0

0

Non-vegetarian

47.9 (41.2-54.6)

32.6 (26.2-38.9)

13.5 (8.9-18.1)

6.0 (2.8-9.3)

0

Non-vegetarian
How often do you eat
fast food or takeaways
from places like
McDonalds, KFC,
Burger King,
Pizza shops or fish and
chip shops?

How often do you eat
pies and other hot food
that you buy ready-toeat?

1 All

data is prevalence (95% Confidence Interval)
n=33, Non-vegetarian n=215

2 Vegetarian
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5.8 Fruit and vegetables
Of vegetarians, 72.8% had 2 or more serves of fruit a day and therefore meet or exceeded
national recommendations (Figure 5.7a), in comparison to 56.3% of non-vegetarians
(Figure 5.7b). The plurality of vegetarians had 2 servings a day or 3 or more servings a
day equally at 36.4%. The plurality of non-vegetarians had 2 serves of fruit a day at 30.2%
(Table 5.4).

Most vegetarians (63.6%, 95% CI: 46.3-81.0) met national recommendations for vegetable
intake at 3 or more serves a day (Figure 5.8a), and this was significantly different to nonvegetarians at 31.2% (95% CI:24.9-37.4) (Figure 5.8b). The plurality of both vegetarians
and non-vegetarians have 3 or more servings of vegetables a day at 63.6% and 31.2%
respectively (Table 5.4).
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Table 5.4. Comparison between fruit and vegetable intake in vegetarians1,2 and non-vegetarians1,2
Questions

Less than 1 serving a
week

1-4 servings a week

5 servings a weekdaily

2 servings a day

3 or more servings a
day

Vegetarian

6.0 (0-14.7)

9.1 (0-19.4)

12.1 (0.3-23.9)

36.4 (19.0-53.9)

36.4 (19.0-53.9)

Non-vegetarian

6.5 (3.2-9.8)

18.1 (12.9-23.3)

19.1 (13.8-24.4)

30.2 (24.0-36.4)

26.1 (20.1-32.0)

0

0

9.1 (0-19.4)

27.3 (11.2-43.3)

63.6 (46.3-81.0)

1.4 (0-3.0)

12.6 (8.1-17.0)

26.0 (20.1-32.0)

28.8 (22.7-35.0)

31.2 (24.9-37.4)

On average how
servings of fruit
do you eat per day
or per week?3

many

On average how many
servings of vegetables do
you eat per day or
per week?4
Vegetarian
Non-vegetarian
1 All

data is prevalence (95% Confidence Interval)
n=33, Non-vegetarian n=215
3 Fruit includes fresh, frozen, canned or stewed. Excludes fruit juice or dried fruit
4 Vegetables includes fresh, frozen, or canned. Excludes vegetable juice
2 Vegetarian
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Figure 5.7a: Prevalence of vegetarians
recommendations for fruit intake1,2

meeting and

exceeding national

Figure 5.7b: Prevalence of non-vegetarians meeting and exceeding national
recommendations for fruit intake1,2
1vegetarian
2

n=33
non-vegetarian n=215
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Figure 5.8a: Prevalence of vegetarians meeting national recommendations for
vegetable intake1,2

Figure 5.8b: Prevalence of non-vegetarians meeting national recommendations for
vegetable intake1,2
1vegetarian
2

n=33
non-vegetarian n=215
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6. Discussion
This thesis assessed dietary habits of vegetarian and non-vegetarian adolescent females in
New Zealand. Animal proteins such as dairy and eggs were consumed less frequently by
vegetarians than non-vegetarians. Although vegetarians consumed vegetarian protein
alternative foods more frequently than non-vegetarians, intakes were unlikely to meet
national recommendations. National recommendations around milk and milk product food
groups were also unlikely to be met by both vegetarians and non-vegetarians. Fruit and
vegetables were consumed more frequently and discretionary foods less frequently in
vegetarians than non-vegetarians. These markers of food behaviours may indicate that
vegetarians overall may have more healthful dietary habits than non-vegetarians (79).

6.1 Flesh based protein foods, vegetarian protein foods, and eggs
It is difficult to compare our findings to previous literature which present intakes of foods
as mean g/d, g per % of standardised energy per day, % of energy intake per day, or serves
per day (10, 11, 16-18), as opposed to the categories of frequency of consumption used in
our study.

However, general trends of food intakes between vegetarians and non-

vegetarians in the current study are consistent with previous research. For example,
vegetarians had significantly lower intakes of red and processed meat, poultry, and fish
than non-vegetarians, with higher intakes of legumes and vegetarian protein alternatives
such as vegetarian patties, legumes, and soy protein products (10, 11). The findings of
Segovia-Siapco et al in adolescent vegetarians in the United States agree with this finding
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(18). Vegetarians in our study consumed some flesh foods, in descending order: fish,
seafood, poultry, red and processed meats, and pork, which is also consistent with other
studies that defined vegetarianism by self-report (45).

Although intakes of vegetarian alternatives were higher in vegetarians than nonvegetarians, these foods were still low in the vegetarian diet. The present study found that
vegetarian protein alternatives were most commonly consumed 3 times a month or less in
vegetarians, with the exception of legumes, of which the majority included 2-6 times week.
This may indicate that vegetarians are not substituting excluded flesh-based protein sources
with vegetarian alternatives in sufficient amounts.

Papier et al (10) concluded overall protein intakes were low in vegetarians, because they
increase their consumption of a large variety of plant-based foods such as wholegrains, as
opposed to consuming high-protein plant- based and animal foods. Bread intakes were
found to be the highest contributor to protein intakes in New Zealand adolescent females
in the ANS (at 10.8%, poultry comparably contributes 9.8%) (19). In the present study nonvegetarians consumed bread more frequently than vegetarians. Examining these foods
collectively suggests that protein food intakes among vegetarians are lower compared to
non-vegetarians, a finding not unique to our study. However, it is not possible to make
conclusions on the adequacy of protein intakes from this food group data.

The relative majority of vegetarians in the present study excluded eggs. This finding has
been reported previously (10, 18). Comparatively, non-vegetarians were most likely to
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include eggs 2-6 times a week. This in contrast to a study by Alles et al (16), which
concluded egg intakes were higher in vegetarians. However, when comparing gram
amounts of egg consumed by vegetarians in the study by Alles et al, with gram amounts in
studies that found egg intakes to be lower in vegetarians, there was minimal difference (10,
11). The differential finding by Alles et al is likely related to low egg intakes in nonvegetarians (13g/day in non-vegetarians vs 17g/day in vegetarians) as the comparison
group, as opposed to high intakes in vegetarians. Overall, the research agrees that the
majority of vegetarians exclude eggs in addition to flesh based foods.

National recommendations for meat alternatives in adolescent vegetarians are three serves
of legumes, tofu, eggs, nuts, or seeds a day (38). This guideline is unlikely to be achieved
by the study population, given that vegetarian protein alternatives were most commonly
consumed 3 times a month or less in vegetarians. Collectively, these protein-rich foods are
needed in a vegetarian diet to reduce risk of nutritional inadequacy, and individually, they
are rich in different nutrients conducive to health. Vegetarian alternatives contain protein,
iron, zinc, and calcium. Eggs are a complete protein, and provide vitamin B12, vitamin D,
and zinc. The most common and bioavailable vegetarian food source of vitamin B12 is in
eggs and dairy. If low, vitamin B12 can cause anaemia, and is known to be low even in
omnivorous females. Further research is needed in this population to definitively determine
intakes of meat alternative foods and associated nutrients for this reason.
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6.2 Milk and dairy
The majority of vegetarians excluded cows milk and dairy. Previous studies have found
that cows milk intakes are about 50 g/d lower in vegetarians than non-vegetarians (10, 11).
Only 6% of vegetarians, in comparison to 34.5% of non-vegetarians, included cows milk
once or more a day. Interestingly, overall milk intake in the present study was not
substantially different between vegetarians and non-vegetarians. This suggests that
vegetarians are substituting cows milk for plant-based milks, which is plausible given that
63.8% of vegetarians reported consuming plant-based milk. This is similar to previous
findings with Papier et al (10) and Bradbury et al (11) concluding that cows milk is lower
and plant-based milk higher, in vegetarians than non-vegetarians.

When assessing overall dairy intake, the literature (10, 11, 16, 20) is supportive of our
findings of lower intakes among vegetarians than non-vegetarians. In the present study
only 12.1% of vegetarians included other dairy once or more a day, in comparison to 31.6%
of non-vegetarians. When assessing dairy foods separately as yoghurt and cheese, there are
more inconsistencies. Cheese consumption was lower in vegetarians in the study by
Segovia-Siapco et al (18), but higher in studies by Papier et al and Bradbury et al. Yoghurt
consumption was higher in vegetarians in the study by Bradbury et al, however this was
negligible at approximately 10g/day. Interpretation of these results are limited as Bradbury
et al and Papier et al did not specify whether ‘dairy’ products were plant-based or cowbased, whereas Segovia-Siapco et al specifically examined cow-based dairy, which was
lower among vegetarians.
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Vegetarians are unlikely to meet national adolescent guidelines of milk, milk products, and
alternatives of 3 serves a day (38). It is of note that dairy intakes were also low in nonvegetarians and unlikely to meet national recommendations. Dairy products provide
protein, vitamin B12, zinc, and calcium (15). Adequate intakes of calcium are important,
especially in adolescence, to assist in achieving peak bone mass (67). Low intakes are
associated with increased risk of osteoporosis later in life (67). Further research is needed
in this population to definitively determine intakes of milk, milk products and alternatives,
and associated nutrients for this reason.

6.3 Discretionary foods
In comparison to non-vegetarians, vegetarians more frequently excluded or rarely
consumed discretionary foods such as fizzy drinks, confectionary, sweet and savoury
treats, takeaways, and ready to eat fast foods. This difference was pronounced for fizzy
drinks. These findings are consistent with other investigators who also concluded that
vegetarians consume less SSBs (18), cake, ice-cream, biscuits, and crisps than nonvegetarians (10, 11, 17). Interestingly, a systematic review on adolescent females found
substantially higher intakes of takeaways and fast foods, sweet and salty snacks, and SSBs
than both diet groups in the present study (13). This review was conducted in low- and
middle-income countries, which may explain this result, however comparisons to the ANS
also showed lower intakes of fast food, takeaways and SSBs in the present study (19). This
may indicate that our population was more healthful than the standard adolescent female
population. Interestingly, the trend of vegetarians having lower intakes of discretionary
foods than non-vegetarians remains.
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Discretionary foods can be markers of unhealthful behaviours. Dietary patterns that are
high in these foods also tend to low in fruits and vegetables (32), and high in energy,
saturated fat, added sugars, and sodium (80). Although nutrients were not assessed in this
thesis, fruit and vegetable intakes were higher in vegetarians than non-vegetarians. This
appears to demonstrate that vegetarians in this study are consciously make healthful dietary
choices, despite their low intakes of high-protein foods.

6.4 Fruit and vegetables
Vegetarians were more likely than non-vegetarians to meet national guidelines in New
Zealand of at least 2 serves of fruit and 3 serves of vegetables a day, than non-vegetarians.
Of vegetarians, 72.8% have 2 or more serves of fruit a day, in comparison to 56.3% of nonvegetarians. This is in comparison to females aged 15-18 years in the ANS, of which 65%
had 2 or more servings of fruit a day (19). Similarly, approximately twice as many
vegetarians than non-vegetarians (63.6% vs 31.2%) met national vegetable intake
recommendations. This can be compared to the ANS at 61.5% (19). The majority of
literature confirms that vegetarians have appreciably higher intakes of fruit and vegetables
than non-vegetarians. This remains true in adolescent vegetarians with Segovia-Siapco et
al (18) reporting vegetarians consumed approximately ½ a serve more of fruit and 1 serve
more of vegetables a day than non- vegetarians.

Compared to non-vegetarians, vegetarians consumed less discretionary foods and more
fruit and vegetables. This is indicative of a diet that is more consistent with overall dietary
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guidelines (38). This is not a unique finding, with Clarys et al concluding that despite low
protein intakes, vegetarians still had higher diet quality scores than omnivores (79)

6.5 Limitations and strengths
Several limitations should be considered when interpreting our findings. The percent of
vegetarians in our study was 13.3% (n=33). Our results must be interpreted with caution
due to small sample size. However, this percentage is similar to the prevalence of
vegetarianism estimated among 14-24 year olds in New Zealand (12). The use of a DHQ
presents limitations such as recall bias, and was not validated in the population of use (40).
As serving sizes were not directly measured, it was not possible to compare intakes to
national recommendations. Protein sources in the vegetarian diet were not exhaustively
examined (i.e. nut intake) which also made definitive conclusions around adequacy of the
diet impossible. However, all major protein-rich foods were included and analysed. The
use of an updated questionnaire made comparisons to the ANS difficult. However, the
updated food list was more likely to capture dietary intakes in the current adolescent
population. Lastly, nine frequency of intake options were combined to form five categories
for analysis. Whilst this increased simplicity, it reduced specificity.

The strengths of this study include a low respondent burden with the use of a food
frequency questionnaire. Defining vegetarians by participant self-report as opposed to
exclusion of animal foods in their diet may contribute to a more realistic picture of how
modern-day dietary habits of vegetarians are practiced. Furthermore, while we did not
analyse the subcategories of vegetarians, overall differences between vegetarians and non-
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vegetarians remained appreciable. Data was collected from several cities, school locations,
and NZDep indexes to be as representative as possible of the New Zealand population.

6.6 Conclusion
In summary, this study suggests the dietary habits of vegetarian and non-vegetarian
adolescents differ, and this goes beyond the exclusion of flesh-based foods. In agreement
with other studies, vegetarians consumed less flesh and animal-based protein-rich foods
and discretionary foods, and more vegetarian protein alternatives and fruit and vegetables
than non-vegetarians (10, 11, 16, 18). Despite this, vegetarians appeared unlikely to meet
national adolescent guidelines for meat alternatives and milk and milk products (38). In
non-vegetarians, intakes of milk products also appeared insufficient to meet
recommendations. This may have implications for nutrient intakes (1, 9). However, the
present study does not allow us to draw definitive conclusions on adequacy of the diet. It
does appear from our study that vegetarians overall more frequently practice healthful
dietary habits. Despite this, vegetarian diets need to be well-planned so food group
recommendations are being met, and intakes of protein- containing foods and associated
nutrients are not compromised. Further research into intakes of milk and milk products and
vegetarian protein alternatives for comparison to national guidelines is needed to confirm
potential low intakes of these protein-rich foods and associated nutrients in this population.
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7. Application of Research to Dietetic Practice
Part A: Applicability and relevance of the research to Dietetic practice
In adolescent female vegetarians, the present study has highlighted the importance of
determining intakes of not only high protein vegetarian alternative foods, but also intakes
of animal products such as egg and dairy, and a wide range of plant-based foods. Intakes
of milk and milk products, and meat alternatives are likely to be low in this population. It
is important to compare intakes of these foods to nutritional guidelines, as they may have
nutritional implications. In particular, low intakes of vitamin B12 and iron containing foods
are of concern, given that Vitamin B12 is only found in animal foods and female
adolescents are at risk of low iron. It is important to note that among vegetarians, assessing
intakes of common markers of protein intake, such as high protein foods, may not be
adequate to definitively conclude intakes of protein. It may be important to assess a wide
range of plant foods that may be low in protein but consumed in high quantities in the diet.
As a Dietitian, encouraging adolescent vegetarians to increase their consumption of not
only high protein plant foods, but a wide range of plant-based foods, and milk and milk
alternatives in sufficient quantities specified in national guidelines, is important to ensure
nutritional adequacy. This research, although similar to what is currently known around
vegetarians, confirms global findings specifically in the New Zealand female population.
It also updates current knowledge around dietary habits of the general adolescent female
population, of which it was noted also appear to have low intakes of milk and milk products
and meat and alternatives.
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Part B: Reflective practice: What this research experience has meant to be
An aspect of my research journey that stands out as being particularly important for my
growth as a Dietitian is my new-found confidence in my time management skills and goal
setting practices. Managing my time on thesis was my biggest challenge and biggest area
of growth. Coming from 4 years of university where lecture times were set and due dates
for assignments were imminent, the idea of writing for 6 months with no externally
imposed deadlines aside was daunting. I learnt to hold myself accountable to working
hours each day, set overall weekly goals, and set daily goals at the start of each week. I
learnt that when I am working entirely to my own schedule, this is necessary for me to
remain focused and achieve what I need to. This thesis taught me organizational skills
and self-discipline above and beyond what I have learnt so far at university. I have
confidence in my ability to manage myself after writing this thesis that I did not have at
the beginning of this journey. This is something I will take with me long after hand in. I
believe these skills will have a lifelong positive impact on my future career as a Dietitian,
particularly as I hope to one day be self-employed in this field.
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