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Abstract 
 

Background: The mean fibre intakes for 15-18-year old females from the last national 

nutrition survey (2008/09 New Zealand Adult Nutrition Survey) was 16.0 grams/day, well 

below the adequate intake for this age group of 22.0 grams/day. However, no analysis into 

vegetarians was carried out in this survey. There are no data on the fibre intakes of vegetarian 

and non-vegetarian adolescent females in New Zealand, emphasising the need for further 

research in this area. 

Objective: To compare the dietary fibre intakes between vegetarian and non-vegetarian 

adolescent females in New Zealand and to identify the main food groups contributing to fibre 

intake with a secondary aim of gathering data on bowel habits using questions relating to the 

Bristol Stool Chart. 

Design: This thesis is part of a multi-centre, observational, cross-sectional study continuing 

for two years that began in 2019. Current data were collected between February and April 

2019 and July and August 2019 from thirteen high schools across New Zealand as well as 

targeted recruitment of 15 to 18-year-old vegetarians in Dunedin. Recruitment was based on 

the location of the data collectors, thereby producing a convenience sample. Targeted 

recruitment of vegetarians caused a possible over-representation of this group. Food intakes 

were obtained through interviewer-led 24-hr recalls with a subset of participants agreeing to a 

second recall via phone or video call. Dietary data were analysed for nutrient content using 

FoodWorks 9 (Xyris Software, Australia) which used the full dataset of the New Zealand 

Food Composition Database, FOODfiles 2016 Version 01. Mean fibre intakes were estimated 

using repeat 24-hr recalls and were adjusted using the Multiple Source Method to estimate 

usual intakes of fibre, with adjusted estimates applied to the whole dataset. Vegetarian status 

and bowel habits were self-reported with an online enrolment questionnaire. 
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Results: Of the sample, 251 participants completed one 24-hr recall with 213 of those 

completing a second recall. Of those who completed at least one 24-hr recall, 31 self-

identified as vegetarian. Vegetarians has significantly higher mean fibre intakes than non-

vegetarians (29.3 g/day and 24.0 g/day respectively) with a mean difference (95% CI) of 5.2 

(1.8, 8.7) g/day. Overall, the mean fibre intakes of both vegetarians and non-vegetarians was 

higher than the recommended AI for this age group (22.0 g/day). Vegetarians had a 

significantly higher mean fibre density than non-vegetarians (3.9 g/MJ and 2.9 g/MJ 

respectively) with a mean difference of 0.9 (0.5, 1.1) g/MJ. Vegetables were the highest 

contribution to fibre intake in both vegetarians and non-vegetarians; however, vegetarians had 

a significantly higher vegetable contribution with a mean difference of 5.8% (0.5, 11.1). 

Fruits and breads were higher contributions to fibre intake for non-vegetarians. Mean bowel 

frequency was significantly higher in vegetarians than non-vegetarians with a mean difference 

of 1.6 (0.2, 3.1) times/week and vegetarians tended to have softer stool consistency than non-

vegetarians. 

Conclusion: Vegetarians had significantly higher fibre intakes than non-vegetarians. 

Encouraging a more plant-based diet may help in achieving adequate fibre intake with 

beneficial health outcomes such as bowel regularity.  
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Preface 

This thesis is part of the SuNDiAL study, “Survey of Nutrition, Dietary Assessment and 

Lifestyles” a multi-centre, observational, cross-sectional survey in New Zealand. This study is 

designed to measure dietary intakes, nutritional status, health status, motivations, and attitudes 

around food choices and lifestyles of adolescents in New Zealand.  

I gratefully acknowledge the work of the following study administrators who were collectively 
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• Conducting a literature review on the fibre intakes of vegetarian and non-vegetarian 
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• Recruitment of a school in Whangarei, including verbal and email communication; 

• Creating and presenting a PowerPoint slideshow to recruit students at the school; 

• Recruitment of 49 participants at the school; 



iv 
 

• Data collection, for each of the Whangarei school participants, including: 

o One 24-hour diet recall face-to-face, 

o Anthropometric measurements, 

o Optional administration of accelerometers and usage diary, 

o Optional urine and blood sample support and supervision, 

o Entry of nineteen 24-hour diet recalls into FoodWorks 9 (Xyris Software, 

Australia), 

• Undertaking descriptive and inferential statistics using Microsoft Excel 2016 and R 

Software; 

• Writing and compiling this thesis. 
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1 Introduction 
 
 
The SuNDiAL study is a two-year study that began in 2019 with the focus on adolescent 

females aged 15-18 years. In semester one of 2019 analysis of overall adolescent females 

occurred while in semester two of 2019 analysis between vegetarian and non-vegetarian 

adolescent females was carried out. In 2020 an investigation of adolescent males aged 15-18 

years old will take place. 

The mean fibre intakes for 15-18-year old females from the last national nutrition survey 

(2008/09 New Zealand Adult Nutrition Survey) was 16.0 grams/day (1), lower than the 

recommended adequate intake (AI) for this age group of 22.0 grams/day (2). There was no 

analysis into vegetarians in this survey, and currently there are still no data on the fibre 

intakes between vegetarian and non-vegetarian adolescent females in New Zealand (NZ). 

Furthermore, there are only two studies in the literature that investigated the fibre intakes of 

vegetarian and non-vegetarian adolescent females (3, 4), emphasising the need for further 

research in this area. 

There is a rising number of New Zealanders adopting a more plant-based diet, with a recent 

survey suggesting one in three New Zealanders are either reducing their meat consumption or 

eliminating it altogether (5). Results from this survey must be treated with caution as it is only 

a commercial survey. Thus, the proportion of vegetarians in NZ is still unknown. 

Non-communicable diseases are the primary cause of death for adults in NZ (6). Fibre has 

been associated with the prevention of certain chronic diseases, including cardiovascular 

disease (7, 8) and type 2 diabetes (9-11). It has been found that vegetarians have higher fibre 

intakes than non-vegetarians (3, 4, 12-18), so they may be at a lower risk for developing these 

chronic diseases. Adolescence is a time to form life-long dietary habits, therefore an adequate 

fibre intake during adolescence may set them up for achieving an adequate intake during 
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adulthood, giving potential to reduce particular risk factors associated with developing certain 

chronic diseases. But as there are no recent data in NZ around the fibre intakes of adolescents 

and none of vegetarian and non-vegetarian adolescent females, this current study will provide 

novel information in the literature. 

Therefore, the aim of this study was to assess and compare dietary fibre intakes and food 

sources between vegetarian and non-vegetarian adolescent females in New Zealand. 
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2 Literature Review 

2.1 Methodology of this literature review 

The objective of this literature review is to determine the dietary fibre intakes of vegetarian 

and non-vegetarian adolescent females aged 15-18 years old.  

Medline via Ovid and Scopus were the main databases used to obtain literature. Keywords 

used were ‘dietary fibre OR dietary fiber’, ‘adolescen*’ OR ‘teen*’, ‘female’ OR ‘girl’, and 

‘vegetarian*’ OR ‘vegan’. Additional literature was found through reference lists of published 

articles. 

 

2.2 Historical overview 

Traditional diets predominantly consisted of unrefined grains, fruits, and vegetables (19-21). 

During the industrial revolution, new milling technology allowed for refined grains by 

removing much of the outer layers of the grain (22). This milling process also displaced many 

fruits and vegetables from the diets, now favouring more refined grains (22). Increasing 

knowledge around the health benefits of whole grains, fruits, and vegetables emerged in the 

1970s (23). Since then, dietary guidelines in many Western countries have made 

recommendations for retaining all components of the grain and emphasising a greater intake 

of fruits and vegetables (24, 25). 

 

2.3 Fibre 

The term ‘dietary fibre’ was first used by Hipsley in 1953, referring to the “nondigestible 

constituents that make up the plant cell wall” (1). In 1976, Trowell expanded on the term 
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‘dietary fibre’ as “plant polysaccharides and lignin which are resistant to hydrolysis by 

digestive enzymes of man” (26). 

The concept of undigested plant components has persisted, but the definition has broadened to 

include synthetic compounds. For the purpose of food regulation in Australia and NZ, the 

following definition is used: “that fraction of the edible part of plants or their extracts, or 

analogous carbohydrates, that are resistant to digestion and absorption in the human small 

intestine, usually with complete or partial fermentation in the large intestine. Dietary fibre 

includes polysaccharides, oligosaccharides (degree of polymerisation >2) and lignins, and 

promotes one or more of the following beneficial physiological effects: (i) laxation (ii) 

reduction in blood cholesterol (iii) modulation of blood glucose” (2). 

In 2009, the Codex Alimentarius Commission aimed to develop a definition that would be 

accepted worldwide (27). They define dietary fibre as ‘carbohydrate polymers with ten or 

more monomeric units, which are not hydrolysed by the endogenous enzymes in the small 

intestine of human and belong to the following categories: (i) edible CHO polymers naturally 

occurring in the food as consumed, (ii) CHO polymers, obtained from food raw material by 

physical, enzymatic, or chemical means, (iii) synthetic CHO polymers’ (27).  

2.3.1 Classifications of fibre 

The term ‘dietary fibre’ is used to describe a heterogenous group of compounds. Analytically, 

‘dietary fibre’ has been defined in terms of solubility. The water-insoluble fraction comprise 

fibres of cellulose, lignin, and some hemicellulose (28). Insoluble fibre refers to the fibrous 

parts of the plant that do not hold onto water easily and resist fermentation in the large bowel 

(29). Rich food sources of insoluble fibre are wheat and rye (29). The water-soluble fraction 

comprise fibres of pectin, gums, inulin-type fructans, and some hemicellulose (28). Soluble 

fibre retains water in the large intestine, with the majority forming gels (28). These gels 
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become viscous in the intestinal tract and are highly fermentable (8). Rich food sources are 

legumes, pulses, oats, fruits, and vegetables (29).  

Total dietary fibre can also be classified into non-starch polysaccharides (NSP) and resistant 

starch (RS). NSP are classified as either soluble or insoluble, depending on their molecular 

structure (28). RS is the fraction of starch that is not digested in the small intestine (30). RS 

are further distinguished into four subtypes depending on the reason for resisting digestion 

(30, 31); RS1 is physically inaccessible to digestive enzymes due to a surrounding 

indigestible matrix; RS2 is when the physical structure of the starch granules resist digestion; 

RS3 is starch that has been cooked and cooled to form crystallised starches resistant to 

digestion; and RS4 is produced by chemical modification (28, 30). 

Different analytical methods can be used to measure certain components of dietary fibre. ‘The 

New Zealand Institute for Plant and Food Research Limited’ uses two methods of analysis; (i) 

enzymatic-chemical method to measure NSP and RS, as well as soluble and insoluble total 

fibre; (ii) enzymatic-gravimetric method to measure soluble and insoluble fractions of fibre, 

as well as total dietary fibre (32). The analytical methods for measuring fibre are explained 

further in Section 2.7.1. 

2.3.2 Physiological functions of fibre 

The range of physiological effects that fibre has within the body are determined by the 

different degrees of solubility, fermentability, and viscosity that each fibre component has 

(33-35).  

2.3.2.1 Digestion and laxation 

Digesta, food that is undergoing digestion, normally has a high liquid content, but as it moves 

through the large intestine water is reabsorbed, thus dehydrating the digesta (36). When 

digesta containing large, coarse, insoluble fibre particles travels through the large intestine the 
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mucosa is mechanically irritated (37, 38). To alleviate the irritation, water and mucous are 

secreted into the large intestine, thus reducing stool dehydration (37, 38). Digesta containing 

highly viscous, soluble fibres, have a high-water holding capacity, thus resisting dehydration 

when travelling through the large intestine (38). The increase in stool water content forms 

bulkier, softer stools, making for more frequent and easier passing (37, 38). Vegetarians, who 

have higher fibre intakes than non-vegetarians, have been found to have more frequent, softer 

stools (39, 40). One of these surveys measured bowel habits through stool collection to assess 

both consistency and frequency of stools for the week the survey was carried out (39) while 

the other survey used a self-reported questionnaire which only assessed bowel frequency (40). 

2.3.2.2 Glycaemic response 

Improving glycaemic control is viscous dependent, with more viscous fibre components 

having a more beneficial effect on glycaemic control (36). Highly-viscous soluble fibres 

increase the viscosity of chyme, the liquid content of the small intestine (41). Chyme 

normally has very low viscosity, which provides easier mixing with digestive enzymes for 

nutrient degradation (41). By increasing the viscosity of chyme, digestive enzymes slow 

down, thus nutrient degradation, including glucose, slows through the small intestine (41). 

This causes a more steady breakdown of glucose along the small intestine, thus reducing 

excess glucose in the bloodstream (42). Additionally, as more glucose is absorbed closer to 

the terminal ileum, mucosal L-cells are activated releasing glucagon-like peptide-1 into the 

bloodstream, decreasing glucagon-secretion, thus decreasing glucose production in the liver, 

lowering fasting glucose concentrations (36).  

2.3.2.3 Serum cholesterol 

Soluble fibres that are highly viscous and gel-forming have the greatest benefit in lowering 

elevated cholesterol concentrations (43). The liver produces bile acids that facilitate lipid 

digestion and absorption in the small intestine (44). Usually, bile is resorbed back to the liver, 

but with highly viscous fibres bile is trapped in the small intestine and eliminated in the stool. 
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To compensate for the loss of bile liver hepatocytes increase bile production. As cholesterol is 

one of the key components in bile acids, the increase in bile production means an increase in 

LDL-cholesterol clearance from the body, lowering serum LDL and total cholesterol (42). 

2.4 Adolescent females 

The World Health Organization defines adolescents as “people ages 10-19 years” (45). This is 

an age at which an increase in independence and peer influences can affect food choices. 

Many adolescents, in particular females, have concerns around their body weight, which can 

lead to energy restriction (46). Furthermore, it is known that adolescent females have higher 

rates of eating disorders than other groups (47, 48). These energy restrictions can increase an 

adolescent’s risk of nutritional deficiencies, especially so as this is a period of high growth 

and development where nutritional requirements increase during adolescence (46, 49, 50). 

Iron, calcium, vitamin D, and zinc are nutrients at risk of deficiency during adolescence (51). 

Furthermore, adolescent females from around the world are not meeting recommended fibre 

intakes (52-58).  

2.4.1 Fibre and chronic disease 

Dietary fibre has protective factors in the development of some chronic diseases but there is 

little research into whether fibre intakes during adolescence have a protective role in 

developing certain chronic diseases later in life.  

2.4.1.1 Obesity 

The rise of obesity in children and adolescents is a leading health issue occurring around the 

world with those who are obese having an increased risk of developing certain chronic 

diseases at a younger age (59). Furthermore, those who are obese in adolescence are likely to 

also be obese in adulthood (60). It has been suggested that diets high in dietary fibre may 

protect against obesity, however these diets tend to be low in dietary fat making it difficult to 
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determine an independent relationship (61). Nonetheless, high fibre foods tend to have a low 

energy density, thereby displacing energy intake when consumed in higher quantities (62). In 

female adolescents, an increase in fibre intake has been associated with a decrease in mean 

body mass index (BMI) (63). Furthermore, findings from a randomised control trial of 

overweight adolescents suggested that an increase in fibre intake resulted in a reduction in 

BMI and visceral adipose tissue (64).  

2.4.1.2 Type 2 diabetes 

Once considered an adult disease, the rates of type 2 diabetes are now increasing in 

adolescents driven by the increasing prevalence of childhood obesity (65). It has been found 

that an increase in dietary fibre from cereal sources may reduce the risk of developing type 2 

diabetes (9-11). It has been suggested that adolescents with a higher consumption of dietary 

fibre showed improvements in visceral adiposity, C-reactive protein, and fibrinogen, all of 

which are risk factors for developing type 2 diabetes (55). Furthermore, a relationship 

between higher fibre intakes and improvements in type 2 diabetes risk factors of a reduction 

in BMI and visceral adiposity in overweight adolescents has been found in a randomised 

control trial (64). 

2.4.1.3 Cardiovascular disease 

Despite a low prevalence of cardiovascular disease in adolescence, subclinical symptoms of 

the disease have been found in this age group (66-68) prompting the need to start prevention 

in childhood and adolescence. Also, as rates of type 2 diabetes in adolescence increase, the 

rates of early cardiovascular disease have been predicted to also increase (69). It has been 

found that higher fibre intakes during young adulthood (18-30 years old) may decrease 

developing cardiovascular disease later in life (7). Furthermore, a statistically significant 

association has been found with a decreased risk of developing coronary heart disease in 

women whose diets were higher in cereal fibres (70).  
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2.4.1.4 Colorectal cancer 

While rates of colorectal cancer in adolescents and young adults are low there has been an 

increase in this group over the past few decades (71, 72). It is possible that poor dietary 

patterns are a major contributor to the increasing prevalence (73). Obesity has also been 

associated with an increased risk of developing colorectal cancer in premenopausal women 

(74). As fibre has been found to reduce BMI and visceral adiposity in adolescents (63, 64), it 

may therefore reduce the risk of developing colorectal cancer. 

2.4.1.5 Breast cancer 

Breast cancer is commonly diagnosed in adolescents and young adults (75). Increasing rates 

of obesity in adolescents from a ‘Westernised’, lower-fibre diet may increase the risk of 

developing breast cancer (75, 76). Further, a higher-fibre diet has been associated with a 

lower risk of obesity, hence lowering the risk of developing breast cancer (75). Furthermore, a 

systematic review and meta-analysis observed an inverse relationship between dietary fibre 

intakes and the risk of developing breast cancer in women (77). 

 

2.5 Vegetarianism 

Vegetarianism has increased considerably over the past few decades with growth likely to 

continue around the world (78, 79). There appears to be a higher prevalence of vegetarianism 

among adolescent females compared with other age groups (80-82). There is consistency in 

the literature to indicate that vegetarians, including adolescent female vegetarians, have higher 

fibre intakes than non-vegetarians (3, 4, 12-18). Although there is some concern around 

inadequate nutrient intakes of vitamin B12, vitamin D, iron, zinc, and calcium, vegetarian 

diets tend to have higher intake of antioxidants, folate, and fibre (79, 83, 84). However, most 

of the data used to inform us about vegetarians and nutrient intakes were collected before 
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2010 (85-88). As recommendations from the EAT-Lancet Commission and the Ministry of 

Health are shifting towards a more plant-based diet (89, 90), further investigations into 

vegetarian dietary patterns and nutritional intakes are warranted. 

2.5.1 Defining vegetarianism 

A vegetarian diet is a broad dietary category with many subgroups. As shown further in Table 

2.1, there is great variation in both the terminology and definitions of vegetarian subgroups, 

making it difficult to compare the intakes of vegetarians among different studies.  

Table 2.1: Classifications of vegetarians and non-vegetarians among different studies 

 

Study Classifications 

EPIC-Oxford cohort study (91) Meat-eaters – those who eat meat irrespective of whether they 
eat fish, dairy, or eggs 
Fish-eaters – those who do not eat meat but do eat fish 
Vegetarians – those who did not eat meat or fish but did eat 
either or both dairy products and eggs 
Vegans – those who did not eat meat, fish, eggs, or dairy 
products 

Cohort profile: the Adventist 
Health Study-2 (AHS-2) (88) 
 

Non-vegetarians – those who consumed nonfish meats ≥1 
time/month and all meats combined (fish included) >1 
time/week 
Semi-vegetarians – those who consumed nonfish meats ≥1 
time/month and all meats combined (fish included) ≥1 
time/month but ≤1 time/week 
Pesco-vegetarians – those who consumed fish ≥1 time/month 
but all other meats <1 time/month 
Lacto-ovo vegetarians – those who consumed eggs/dairy ≥1 
time/month but fish and all other meats <1 time/month 
Vegans – those who consumed eggs/dairy, fish, and all other 
meats <1 time/month 

21-year cohort study of 
vegetarians and health-
conscious persons in 
Germany (92) 

Non-vegetarians – those who occasionally or regularly eat 
meat and/or fish 
Lacto-ovo vegetarians – those who avoid meat and fish but 
eat eggs and/or dairy products 
Vegans – those who avoid meat, fish, eggs, and dairy products 
NB: In previous reports of this study the term ‘moderate 
vegetarian’ was used instead of non-vegetarian and included 
those who did not strictly avoid but seldom ate meat or fish. 

Cohort study analysing 
vegetarian diets and all-cause 
mortality in Australia (93) 

Regular meat eaters – those who eat meat, poultry, and/or fish 
>1 time/week  
Pesco-vegetarians – those who do not eat meat or poultry but 
do eat fish ≥1 time/week 
Semi-vegetarians – those who eat any form of meat, fish, or 
poultry ≤1 time/week 
Complete vegetarians – those who do not eat any form of 
meat, fish, or poultry 
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The Ministry of Health has determined the two most common types of vegetarianism as; (i) 

lacto-ovo vegetarian who ‘eat dairy products and eggs…but don’t eat meat, poultry, or 

seafood’; (ii) vegan who ‘don’t eat any animal products (including all meats, dairy, eggs, 

honey, and gelatin)’ (94). Despite variations in the terminology and definitions of vegetarian 

subgroups in the studies shown in Table 2.1, the definition of a non-vegetarian was 

reasonably consistent among studies. 

In surveys, it is common practice to define vegetarianism through analysis of dietary intakes 

(3, 4, 13, 15, 16, 95), however, self-defining methods where participants define themselves as 

vegetarian or non-vegetarian have also been used (12, 14). Using a self-defining method, 

especially in conjunction with the 24-hr dietary recall method, is an appropriate method for 

identifying vegetarianism. Using these methods together will prevent misclassification of a 

vegetarian diet if a participant usually consumes a non-vegetarian diet, but consumed a 

vegetarian diet on the day of the recall. 

 

2.6 Recommended Intake 

2.6.1 New Zealand 

Nutrient reference values for NZ and Australia are set by the Ministry of Health and the 

Australian government. Dietary fibre is not absorbed in the body, thus its status within the 

body cannot be measured through any biochemical assay (96). Therefore, recommendations 

for fibre intakes are based on median dietary fibre intakes of Australians and New Zealanders 

deemed to have adequate laxation and digestion (2). As a result, an Adequate Intake rather 

than an Estimated Average Requirement has been set for recommended fibre intakes (2). For 

adolescent females (14-18 years old) in NZ, the AI for fibre is 22.0 g/day, which is based off 

the median fibre intakes for this age groups from the 1995 National Nutrition Survey in 
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Australia and the 2002 National Children’s Nutrition Survey in NZ, as well as an extra 2-4 

g/day for resistant starch (2). 

In NZ, no upper limit is set for dietary fibre despite theoretical adverse effects of high intakes 

(2). The first concern comes from consuming the outer bran layer of plants which potentially 

increases the intakes of agricultural chemicals, heavy metals, and antinutrients (2). Secondly, 

fibre may alter the intestinal microflora resulting in food intolerance (2). Thirdly, issues with 

bezoar development in those with upper gastrointestinal dysfunction may come as a result of a 

high consumption of leafy vegetables (2). Lastly, the concern around increased phytate levels 

from a higher fibre diet may decrease vitamin and mineral bioavailability (2, 97). Despite 

these concerns it was determined that in a varied diet a high fibre intake will not cause 

adverse effects (97). 

It was found from the NZ Adult Nutrition Survey that the mean fibre intake of females aged 

15-18 years old in NZ was 16.0 g/day, lower than the recommended AI (1). NZ Europeans 

had a higher mean fibre intake of 16.2 g/day, compared to Māori (14.3 g/day), and Pacific 

(14.1 g/day) (1). The main dietary sources for fibre contribution for 15-18 years old 

adolescent females was breads (15.7%), potatoes/kumara/taro (14.9%), vegetables (11.1%), 

fruit (10.8%), and grains + pasta (8.9%) (1).  

2.6.2 Worldwide 

Fibre recommendations for adolescent females in both developed and developing countries 

are varied, as shown in Table 2.2. Comparable to NZ, the fibre intakes of female adolescents 

in many countries around the world are well below the recommended levels (1, 98-103). 
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Table 2.2: Recommended dietary fibre intakes for adolescents in different countries  

Country Recommended 
daily intake of fibre 
(grams) for 
adolescent females 

Source of 
recommended daily 
intake of fibre for 
adolescent females 

Basis of the fibre 
recommendation 

New Zealand 22.0 (14-18 y/o)1 Nutrient Reference 
Values Australia New 
Zealand (2) 

Median intake of this age 
group from National 
Children’s Nutrition Survey, 
plus 2-4 g/day for RS (2). 

Australia 22.0 (14-18 y/o)1 Nutrient Reference 
Values Australia New 
Zealand (2) 

Median intake of this age 
group from National 
Children’s Nutrition Survey, 
plus 2-4 g/day for RS (2). 

United States 
of America 

25.2 (14-18 y/o)1 2015-2020 Dietary 
Guidelines for 
Americans (104) 

Intake levels observed to 
protect against coronary 
heart disease (14 g/1000 
kcal) x median energy intake 
level from Continuing Survey 
of Food Intakes by Individual 
1994-96 (105). 

United 
Kingdom 

25.0 (11-16 y/o) 
30.0 (16-18 y/o) 

Carbohydrates and 
Health. Scientific 
Advisory Committee 
on Nutrition 2015 
(106) 

Intakes of these age groups 
from the National Diet and 
Nutrition Survey, rounded to 
nearest multiple of 5 g/day 
(106). 

Belgium 30.0 (14-18 y/o) Dietary 
Recommendations 
for Belgium (107) 

No information available. 

Ireland Age + 5 grams (14-
18 y/o) 

Scientific 
Recommendations 
for Healthy Eating 
Guidelines in Ireland 
(108) 

Adapted from the 1995 US 
goal for fibre intake 
considered most appropriate, 
ensuring levels were high 
enough for normal laxation, 
but not so high as to result in 
adverse health effects (108). 

Cameroon 26.0 (14-18 y/o)1 Summary Tables, 
Dietary Reference 
Intakes. Institute of 
Medicine (109) 

Intake levels observed to 
protect against coronary 
heart disease (14 g/1000 
kcal) x median energy intake 
level from Continuing Survey 
of Food Intakes by Individual 
1994-96 (105). 

Iran 26.0 (14-18 y/o) Summary Tables, 
Dietary Reference 
Intakes. Institute of 
Medicine (109) 

Intake levels observed to 
protect against coronary 
heart disease (14 g/1000 
kcal) x median energy intake 
level from Continuing Survey 
of Food Intakes by Individual 
1994-96 (105). 

Costa Rica Age + 5 grams (3-20 
y/o)  

A New 
Recommendation for 
Dietary Fiber in 
Childhood. American 
Health Foundation 
(110) 

Intakes with apparent normal 
laxation benefits, reviewed 
from USDA Nationwide Food 
Consumption (1987-1988) 
and NHANES 1976-1980) 
(110). 

1An AI rather than an Estimated Average Requirement was determined to be used. 
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As in NZ and Australia, many other countries base fibre recommendations from surveys, 

assessing the median amount of fibre consumed by a specific age group to produce an AI 

rather than an Estimated Average Requirement. 

Though low fibre intakes were once more commonly found among Western countries, the 

prevalence of low fibre intakes among developing countries is now increasing (111). The rise 

in urbanisation in developing countries, and the replacement of high-fibre staple foods with 

lower-fibre processed foods is part of the reason for shifts to a lower fibre diet (111-113). It 

has been found that adolescent females in developing countries are not meeting recommended 

fibre intakes (99, 101, 102), similarly to those in developed countries (1, 98, 100, 103). 

Despite this, it was found in one study in Cameroon that urban adolescent females were 

exceeding the recommended fibre intake (114). High-fibre staple foods are still commonly 

consumed in urban Cameroon as they are cheaper than animal products which are 

unaffordable for many households (114). 

Due to an increasing prevalence of low fibre consumption, there has been an increase in fibre 

supplementation from the manufacturers through the use of functional fibre (115). Functional 

fibre is fibre that is isolated or extracted from their plant source and is added into foods to 

provide fibre supplementation (116). The Institute of Medicine now recognises functional 

fibre to have the same physiological benefits within the body as dietary fibre (117). A 

definition of fibre was developed by the Institute of Medicine to acknowledge that total fibre 

is the sum of both dietary fibre and functional fibre (117).  
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2.7 Measures of dietary fibre 

2.7.1 Methods of fibre analysis 

The enzymatic-chemical method, otherwise known as the Englyst method, is used to measure 

NSP (118). This method enzymatically removes sugar and starch, leaving behind a NSP 

residue, thus measuring dietary fibre as a chemically defined fraction of the food (118). 

Through further enzymatic treatment to the residue, the fraction of soluble NSP and insoluble 

NSP can be determined. The enzymes used mimic the action of those in the intestinal tract, 

with the resulting residue representing the fraction of insoluble dietary fibre (119, 120). Thus, 

the difference between total NSP and insoluble NSP represents the fraction of soluble NSP 

(119, 120). 

The enzymatic-gravimetric method, otherwise known as the ‘Association of Official 

Agricultural Chemists’ (AOAC) method, is used to measure total fibre, as well as fractions of 

soluble and insoluble fibre (119). Non-fibre components are extracted from a food sample and 

the remaining sample is weighed, with that weight being the total fibre value, after protein and 

ash residue have been corrected for (120). From further filtration, the determinants of soluble 

and insoluble fractions of fibre are established (120). 

It has been recognised that the AOAC method produces a higher fibre content than the 

Englyst method (120, 121). New Zealand Plant and Food Research have now moved from 

using the Englyst method to using the AOAC method when providing information for the 

New Zealand food composition database. The FoodWorks 9 nutrition analysis software, 

which uses the New Zealand food composition data, has both measures for the Englyst 

method and the AOAC method. 
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2.7.2 Measures of fibre intake 

A common measure to determine dietary fibre intake is through grams per day (12-18, 54, 57, 

58, 63). However, this can become problematic when comparing the fibre intakes of males 

and females. Males tend to have higher energy intakes so expressing fibre intake in grams per 

1000 kcal or per MJ provides standardisation, showing fibre density in one’s diet rather than 

absolute fibre intake. There are a small number of studies that have used either fibre grams 

per 1000 kcal or per MJ (3, 4, 52, 53, 55, 122), with three of these studies using both fibre 

intake measures (grams per day and grams per 1000 kcal or per 1 MJ) (3, 4, 55). In one study 

it was found that adolescent males had higher absolute fibre intakes while the diets of 

adolescent females had a higher fibre density (55). 

2.7.3 Methods of dietary assessment 

The main methods for collecting information about dietary intakes are weighed food records, 

diet histories, food frequency questionnaires, and 24-hr recalls.  

Food records can give a good representation of usual intake and can provide data on less 

frequently consumed foods, if sufficient number of recording days are undertaken (123). 

Additionally, portion sizes accuracy is greater than other methods as it does not rely on the 

memory of the participant (124). Nevertheless, food records have a high respondent burden, 

with this increasing as the number of recording days increases, leading to a potential decrease 

in accuracy (123, 124). 

Diet histories are good at representing usual dietary intakes and are more qualitative than 

quantitative (123, 124). However, they rely on the memory of the participants and require a 

highly trained interviewer to collect data (123, 124).  

Food frequency questionnaires can give a good representation of usual dietary intake and have 

a low respondent burden (123, 124). However, many food frequency questionnaires are 
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usually semi-quantitative or non-quantitative, thus, show little indication for food portions 

(123, 124). It has been found that over-reporting on high fibre sources are common in food 

frequency questionnaires, where fruits and vegetables were consistently eaten in higher rates 

when compared with 24-hr recalls from the same group of volunteers (125, 126). 

Additionally, there is a higher chance of over-reporting on fruits and vegetables with more 

comprehensive food frequency questionnaires (127, 128).  

24-hr recalls have a relatively low respondent burden and when carried out with adolescents 

they can produce the least over- and under-estimation of all dietary collection methods (129, 

130). One 24-hr recall does not give a good representation of usual intake (124), however, 

carrying out multiple recalls gives a better representation and through the use of statistical 

analysis, such as the Multiple Source Method (131), usual intake can be estimated. 

 

2.8 Summary of fibre intakes and main fibre sources of adolescent females in 

the literature 

Studies in which fibre intakes of adolescent females have been assessed are presented in 

Table 2.3. The studies are listed in order of the year they were published. 
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In the majority of studies dietary recall methodology has been used. Lower than 

recommended fibre intakes were generally found in these surveys although in one survey it 

was found that adolescents had a mean fibre intake of 28.6 g/day (63). However, there was a 

large standard deviation of 12.9, thus implying a wide variation in the data spread (63). 

In the most recent data from NZ (2008/09 NZ Adult Nutrition Survey), the mean fibre intake 

of 15-18-year old adolescent females was 16.0 g/day, lower than the AI for this age group.  

In the NZ Adult Nutrition Survey bread was the main contributor to daily fibre intake 

followed by potato/kumara/taro. This was a common finding among the surveys in Table 2.3, 

with the breads and cereals group as the main contributor of fibre intake, often followed by 

either fruits or vegetables. 

 

2.9 Summary of fibre intakes and main fibre sources of vegetarian and non-

vegetarian adolescents in the literature 

There are limited surveys that have compared fibre intakes between vegetarian and non-

vegetarian adolescent females although the intakes of other age groups have been reported, as 

shown in Table 2.4. The studies are listed first with comparisons between vegetarians and 

non-vegetarian adolescent females and then comparisons with all adolescents.
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In general, vegetarians had higher fibre intakes compared to non-vegetarians in the adolescent 

female population and total adolescent population. 

It was generally found that vegetarians were consuming more in each of the high-fibre food 

groups compared to non-vegetarians. However, it was found in one survey that a greater 

number of health-conscious omnivores consumed ≥2 serves/day of both grains and fruits and 

vegetables than less health-conscious vegetarians (95). In another survey cereals had a higher 

contribution to fibre intake for omnivores than semi-vegetarians and lacto-ovo vegetarians 

(3). In a further study it was found that non-vegetarians consumed more total vegetables than 

vegetarians, but vegetarians consumed more dark-green vegetables while non-vegetarians 

consumed more potatoes (13). 

Overall, there are limited surveys that have analysed the fibre intakes of vegetarian and non-

vegetarian adolescent females. However, when evaluated together with surveys comparing 

vegetarian and non-vegetarian fibre intakes of adolescent males and females, vegetarians 

generally had higher fibre intakes. 

 

2.10 Conclusion 

There are limited survey data on the fibre intakes of adolescent female populations around the 

world with indications of intakes lower than country recommendations. Surveys of fibre 

intakes in vegetarian and non-vegetarian have been undertaken in Canada, the USA, and 

Europe with no data available for NZ.  

Analysing the fibre intakes of vegetarians between surveys is difficult as there are many 

definitions for vegetarianism. In addition, different defining methods are used with the self-

defining method an appropriate method for categorising vegetarians. Despite the use of 
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different dietary assessment methods, the repeat 24-hr recall method is appropriate for 

analysing fibre intakes in an adolescent female population. 

It is important to assess the dietary fibre intakes of adolescents because it has been found that 

dietary habits during adolescence track into adulthood, where a low fibre diet poses risks 

associated with developing type 2 diabetes, cardiovascular disease, colorectal cancer, and 

breast cancer. However, the current fibre intakes of adolescent vegetarian and non-vegetarian 

females in NZ are unknown, so this current research will provide novel information about the 

adolescent female population in NZ. 
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3 Objective Statement 

The aim of this study was to assess and compare dietary fibre intakes between vegetarian and 

non-vegetarian adolescent females in New Zealand. 

The objectives of this study were: 

• To determine whether there are any differences in dietary fibre intakes between 

vegetarians and non-vegetarians. 

• To evaluate the food groups that are the main contributors to dietary fibre intake 

between vegetarians and non-vegetarians. 

• To determine whether there is a relationship between dietary fibre intake and body 

mass index (kg/m2). 

• To determine whether there is a relationship between dietary fibre intake and bowel 

habits. 
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4 Methods 

4.1 Ethical approval 

This study has been approved by the University of Otago Human Ethics Committee (Health): 

H19/004; and is registered with the Australian New Zealand Clinical Trials Registry: 

ACTRN12619000290190 (refer to Appendix A). The Ngāi Tahu Research Consultation 

Committee acknowledged that this research is of importance to Maori health (refer to 

Appendix A). 

 

4.2 Study design 

This thesis is part of the SuNDiAL study, “Survey of Nutrition, Dietary Assessment and 

Lifestyles”, a multi-centre, observational, cross-sectional study in New Zealand. This study is 

designed to measure dietary intakes, nutritional status, health status, motivations, and attitudes 

around food choices and lifestyles of adolescents in New Zealand. 

The study includes seven parts: 1) Online questionnaires (demographics, attitudes, and food 

motivations), 2) Anthropometric measurements (height, weight, ulna length), 3) 24-hr dietary 

recall face-to-face, 4) 24-hr dietary recall over the phone or Skype, 5) Spot urine sample, 6) 

Spot blood sample, 7) Accelerometer. 

In this thesis, dietary fibre intakes of vegetarian and non-vegetarian adolescent females will 

be reported, comprising demographics, anthropometry, and 24-hr dietary recalls.  

4.2.1 Incentives 

Completion of each part of the study: online questionnaires, 24-hr recall in person, 24-hr 

recall via a phone or video call, spot blood sample, spot urine sample, and wearing an 



27 
 

accelerometer for seven days, resulted in a $5 supermarket voucher from either New World or 

Pak N Sav depending on the participant’s preference. The maximum amount of supermarket 

vouchers a participant could receive was $30. The vouchers were sent out to the participants 

via post in September 2019. If a participant was given an accelerometer it had to be returned 

before the vouchers would be issued. 

 

4.3 Participants 

4.3.1 School-based recruitment 

High school selection for participation in the SuNDiAL study was based on location, as the 

schools had to be accessible to where the data collectors were located. Considerations were 

also made for female roll count; roll count higher than 400 students for co-ed schools or 

higher than 200 for girls-only schools, with a preference for a higher female roll count. In 

addition, lower decile schools of 1-3 were preferred for initial invitation to take part in the 

SuNDiAL study.  

Data were collected from females attending thirteen high schools in Christchurch, Dunedin, 

Nelson, New Plymouth, Tauranga, Wanaka, Wellington, and Whangarei. Recruitment was 

based on the location of the data collectors, therefore the participants in the SuNDiAL study 

were a convenience sample. 

An initial invitation email was sent to the administration team of selected schools by the 

principal investigators and/or the SuNDiAL coordinator. The email provided a brief 

introduction about the study and how interest could be expressed if they participated. With the 

schools who did express an interest, another email was sent with additional information about 

the SuNDiAL study and dates for data collection. For each participating school, a form stating 
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that the school agreed to take part in the study was signed by a member of staff on behalf of 

the school. 

Following this, a time slot during the whole school assembly was organised to present the 

SuNDiAL study. This included an informative PowerPoint presentation and the SuNDiAL 

study YouTube video (https://www.youtube.com/watch?v=jSSntEB5ROI). 

Directly after the presentation students could express their interest by writing their name and 

contact details on a sign-up sheet. Each student then received a handout with further 

information about what was involved if they participate in the SuNDiAL study (refer to 

Appendix B). Alternatively, they could sign-up on the study website 

(www.otago.ac.nz/sundial). Each student who signed up had an automated ID number 

assigned to them and an email was sent with a link to the consent form and enrolment form 

for the participants to complete. If the participant was under 16 years old, parental or guardian 

consent was obtained. Consent information is securely stored electronically by the study 

administrators on University computers. 

4.3.2 Targeted recruitment 

In Dunedin, advertising in the local papers and on social media was carried out to recruit 

females aged 15-18 years who identified as vegetarian. Those who were interested in taking 

part were asked to visit the study website to watch the SuNDiAL video, read information 

about the study, and provide their name and contact information. At this point, an automated 

ID number was assigned to each participant and an email sent with a link to the consent and 

enrolment form for the participants to complete. 

 

https://www.youtube.com/watch?v=jSSntEB5ROI
http://www.otago.ac.nz/sundial
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4.3.3 Eligibility criteria 

Inclusion criteria for school-based recruitment were self-identification as female, aged 

between 15 and 18 years old, enrolled at one of the recruited high schools, spoke and 

understood English, and were able to compete the online questionnaire.  

Inclusion criteria for targeted recruitment were self-identification as female, aged between 15 

and 18 years old, spoke and understood English, self-identification as vegetarian, and were 

able to compete the online questionnaire.  

Exclusion criteria were known pregnancy at the time of the study or did not complete the 

online consent process. 

 

4.4 Study Procedure 

4.4.1 Data collection protocol 

In semester two 2018, all data collectors completed a six-week research methods paper 

(HUND 5A) where training in standardised anthropometric measuring and 24-hr diet recalls 

took place. A further two-week intensive training course was carried out in February 2019 for 

semester one data collectors and in July 2019 for semester two data collectors. This is when 

further procedural training in anthropometry, 24-hr diet recalls, and entering data into 

FoodWorks was carried out. In addition, a standardised protocol manual (refer to Appendix 

C) was distributed to each researcher to be followed during the entirety of data collection.  

4.4.2 Enrolment questionnaire  

After consent each participant was asked to complete an online enrolment questionnaire 

administered on the web application Research Electronic Data Capture (REDCap, Vanderbilt 
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University, Nashville, Tennessee, United States of America). This questionnaire was used to 

check eligibility, consent for the optional components of the study (urine sample, blood test, 

accelerometer), ask certain health-related questions, assess vegetarian status, and assess bowel 

habits. 

4.4.2.1 Health-related questions 

• “Have you been diagnosed with diabetes?”, with the answer options of “Yes” or “No”. 

• “If so, which type?”, with the answer options of “Type 1 diabetes”, “Type 2 diabetes”, 

and “Don’t know”. 

• “Have you been diagnosed with either coeliac disease or gluten intolerance?”, with the 

answer options of “Yes – coeliac disease”, “Yes – gluten intolerance”, “No diagnosis 

but suspected intolerance or coeliac”, or “No”. 

• “Which foods are you allergic or intolerant to? (Select as many as apply)”, with the 

answer options of “Eggs”, “Dairy”, “Nuts”, “Shellfish”, and “Other (please specify)”. 

4.4.2.2 Vegetarian related questions 

Three questions were asked to indicate vegetarian status:  

• “Are you vegetarian or vegan?”, with the answer options of “Yes” or “No”.  

• “Which foods do you eat? (Select as many as apply)”, with the answer options of 

“Egg”, “Milk (not plant milk like soy-milk)”, “Fish or seafood”, “Chicken or 

poultry”, “Meat/red meat occasionally”, or “None of the above”.  

• “Are you vegan?”, with the answer options of “Yes” or “No”. 

These questions allowed the participants to self-define themselves as consuming a vegetarian 

or vegan diet.  
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4.4.2.3 Bowel habits questions 

The two questions that were asked to indicate bowel habits were only used during semester 

two: 

• “How many times per week do you usually have a bowel motion (poo)?”, where 

participants put a number (min: 1, max: 70). 

• “Please look at the picture below and select the number that corresponds to your usual 

and most common stool type:”, where participants were shown an image from the 

Bristol Stool Chart (Appendix D), with the answer options of “Type 1”, “Type 2”, 

“Type 3”, “Type 4”, “Type 5”, “Type 6”, or “Type 7”. 

4.4.3 Dietary habits questionnaire 

This was a general questionnaire; the component analysed in this thesis is regarding fibre 

supplementation. 

4.4.3.1 Fibre supplementation questions 

Questions on fibre supplementation use were asked. The fibre supplements included in the 

questionnaire were linseed, sunflower, and almond meal (LSA), and bran. Additionally, there 

was a question for ‘other’ supplements where participants could record any supplements they 

used which had not been mentioned in the questionnaire. 

Three questions were asked to indicate use of each supplement: 

• “How long did you take the supplement in the last 12 months?”, with the answer 

options of “Daily”, “More than once a week”, “Once per week”, “Monthly”, 

“Regularly but for a limited time”, or “Not very often”. 

• “If you know the brand name and/or the product name please write them here. Please 

provide as much information about the product as possible”. 
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• “If you are able to take a photo of your supplement packaging, please do so and 

upload here (you can complete the questionnaire and come back to upload a photo at a 

later time). When taking a photo (or two), please make visible the brand and the list of 

contents”. 

4.4.4 Dietary data collection 

Dietary information was collected using 24-hr diet recall methodology. All participants 

undertook an initial face-to-face recall with a subset agreeing to a second recall via a phone or 

video call. 

The face-to-face recall was carried out by a data collector during school hours. A step-by-step 

24-hr diet recall protocol was provided for each data collector to follow during the dietary 

recall of each participant: 

• Step 1 (quick list): a basic list of everything the participant ate and drank over the past 

24 hours (from midnight to midnight). Probes were to be given for water consumption 

and any other drinks that may have been forgotten by the participant. 

• Step 2 (detailed list): using the quick list, the data collector asked the participant 

specific details about each item (time consumed, brand name, type of product (i.e. 

standard, low fat, gluten-free)), portion sizes (estimated using household cup and 

spoon measures, food portion photos, and dried kidney beans for visualising portions, 

shown in Appendix E), method of cooking, and recipes for home-cooked meals. 

Further probes are shown in Appendix F. 

• Step 3 (further additions): the detailed list was read back to the participant to check 

that all items were recorded, and the participant had another opportunity to add any 

other items they consumed over the last 24 hours. 

• Step 4: the participant was asked if they knew whether the salt that they used at home 

was iodised. 
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• Step 5 (second recall): the participant was asked if they were willing to do a second 

24-hr recall via a phone or video call. This recall would be in the next two weeks and 

was to be carried out on a different day to the first recall, usually on a weekend day. 

4.4.5 Anthropometric measures 

During the first visit anthropometric measurements were taken in a private room. Participants 

were asked to remove shoes and any heavy outer-layer clothing (i.e. jackets). Heights were 

measured to the nearest 0.1cm using a Seca 213 portable stadiometer (Seca, Hamburg, 

Germany). Weights were measured to the nearest 0.1kg using calibrated Seca Alpha 770 

electronic weight scales (Seca, Hamburg, Germany) on a solid surface. Ulna lengths were 

measured to the nearest 0.1cm using a Lufkin Executive Thinline 2m W606PM tape measure 

(Apex Tool Group, Sparks, Maryland, United States of America) on the participant’s non-

dominant arm. Each measurement was taken twice to assess accuracy. If a duplicate measure 

was 0.5 or more units apart a third measure was taken.  

4.4.5.1 Body mass index 

BMI was calculated using the anthropometric measurements. Z-scores were used to classify 

BMI using the World Health Organization growth charts and guidelines. Z-scores are divided 

into cut-offs: <-2 is classed as underweight; ≥-2 to ≤+1 is classed as a healthy weight; >+1 to 

≤+2 is classed as overweight; >+2 is classed as obese. A World Health Organization z-score 

of 0 is equivalent to a 19-year-old with a BMI of 21.5 kg/m2, with a z-score of 1 

corresponding to a participant’s BMI being 1 SD above healthy weight for their sex and age 

group (132). 
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4.5 Dietary analysis 

Completed 24-hr recalls were entered into FoodWorks 9 (Xyris Software, Australia) by the 

data collectors, and study administrators checked the accuracy of data entry. FoodWorks 9 

uses the full dataset of the New Zealand Food Composition Database, FOODfiles 2016 

Version 01 supplemented with recipes arising from studies that have been carried out by staff 

in the Department of Human Nutrition at the University of Otago. The software calculates the 

energy, macronutrient, and micronutrient intakes from the diet recalls of each participant.  

Mean daily fibre intakes were estimated by the biostatistician using repeat 24-hr recalls and 

were adjusted using the Multiple Source Method (131) to estimate day-to-day variations in 

fibre intakes. This adjusted estimate of usual fibre intake was then applied the whole dataset. 

 

4.6 Statistical analysis 

Descriptive statistics were undertaken by the candidate using Microsoft Excel 2016 

(Microsoft Excel 2016 for Windows. Version 16.0. Microsoft Corporation 2016). The 

histogram graph with a density curve was produced by the candidate using R software 

(version 3.2.1, R Core Team). All other graphs were produced by the candidate using 

Microsoft Excel 2016. 

The study biostatistician calculated the total amounts of fibre that each food group contributed 

to each participants’ daily fibre intake using Stata Statistical Analysis Software (version 15.1, 

Stata Corporation, Texas). 
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4.6.1 Sample size calculation 

The study biostatistician determined that “a sample size of 300 high school students was 

required to give 80% power to the α=0.05 level to detect a 0.5 standard deviation difference (a 

“moderate” difference) in continuous outcome variables between vegetarians and non-

vegetarians, assuming a prevalence of vegetarianism of 20% and a design effect (for school 

clusters) of 1.5” (133). The SuNDiAL project is ongoing and to date the data of 251 participants 

are available for analysis. 
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5 Results 

5.1 Stages of participant recruitment 

Figure 5.1 demonstrates the flow of participants through the SuNDiAL study 2019. Of the 

282 adolescent females who consented to the study, 251 completed one 24-hr dietary recall 

and 213 of those participants completed a second recall. Of the 251 participants who 

completed at least one recall, one participant did not record her age, four did not have 

anthropometric data, two did not record their ethnicity, two did not have NZDep2013 data, 

and one did not indicate her vegetarian status. 
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1Bowel habits were only analysed in semester two participants hence the smaller participant number 

 
Figure 5.1: Stages of participant recruitment 

8 schools recruited 
n=1882 eligible 

n=263 responded 

Targeted recruitment 
n=12 responded 

n=87 did not complete 
consent 
n=22 no parental consent 
n=9 did not complete 
enrolment 

n=5 did not complete 
consent 
n=0 no parental consent 
n=0 did not complete 
enrolment 

5 schools recruited 
n=2054 eligible 

n=220 responded 

n=71 did not complete 
consent 
n=17 no parental consent 
n=2 did not complete 
enrolment 

n=282 consented and enrolled to participant 
n=145 from Wave 1 schools 
n=130 from Wave 2 schools 

n=7 from targeted recruitment 

n=274 participants analysed 
n=1 withdrew 

n=7 dropped out 

n=248 completed questionnaire data 
n=272 completed demographics & health 
n=253 completed attitudes & motivations 
n=248 completed dietary habits 

n=248 anthropometric data 
n=251 24-hr diet recall data 
 n=213 completed two 24-hr recalls 

 

n=251 24-hr diet recall data 
 n=250 completed age data 
 n=247 completed anthropometric data 
 n=249 completed ethnicity data 
 n=249 completed NZDep2013 data 
 n=250 completed vegetarian status data 
 n=134 completed bowel habits data1 
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5.2 Demographic characteristics of vegetarian and non-vegetarian participants 

Baseline characteristics of participants are shown in Table 5.1. Participants were between 15-

18 years of age at enrolment, with the mean (SD) age of 16.7 (0.9) years. The mean (SD) BMI 

z-score of the total sample was 0.7 (0.99) kg/m2.  

Table 5.1: Demographic characteristics of non-vegetarian and vegetarian participants  

Characteristics Non-vegetarian (%) Vegetarian (%) 

Age (years)  (n=243) (n=36) 
  15 46 (18.9) 2 (5.6) 
  16 88 (36.2) 11 (30.6) 
  17 95 (39.1) 18 (50.0) 
  18 14 (5.8) 5 (13.9) 
   
Body mass index1 z-score2  (n=216) (n=31) 
  Underweight (<-2) -3 -3 

  Healthy range (≥-2 to ≤+1) 139 (64.4) 24 (77.4) 
  Overweight (>+1 to ≤+2) 53 (24.5) 5 (16.1) 
  Obese (>+2) 24 (11.1) 2 (6.5) 
   
Ethnicity4 (n=242) (n=36) 
  New Zealand European and 
Other 

193 (79.8) 27 (75.0) 

  Māori 34 (14.0) 9 (25.0) 
  Pacific Islander 6 (2.5) -3 

  Asian 9 (3.7) -3 
   
NZDep20135  (n=242) (n=36) 
  1-3  88 (36.4) 14 (38.9) 
  4-7  110 (45.4) 17 (47.2) 
  8-10  44 (18.2) 5 (13.9) 

1 Body mass index (BMI) = kg/m2 

2 BMI z-score = “the deviation of an individual’s value from the median value of a reference population, divided by 
the standard deviation of the reference population”, derived from the World Health Organization (134). 
3 There were no participants in this demographic category. 
4 The ethnic proportions of 15-17-year-olds in NZ as of 2013 are European or other including New Zealander 
69.3%, Māori 24.1%, Asian 13.4%, and Pacific Islander 12.5%. 
5 NZDep2013 = The ‘NZDep2013 Index of deprivation’ is a scale of deprivation from 1-10. These are determined 
in mesh block areas, where 1 is the 10% of NZ mesh blocks that are the least deprived and 10 is the 10% of NZ 
mesh blocks that are the most deprived (135). 
 

 

5.3 Daily macronutrient intakes of vegetarian and non-vegetarian participants 

Figure 5.2 displays the mean percentage of energy contribution from protein, carbohydrates, 

and fat between vegetarians and non-vegetarians. Non-vegetarians had a higher energy 

contribution from protein than non-vegetarians with a mean difference (95% CI) of 2.8% (2.1, 
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3.4). Vegetarians had a higher energy contribution from carbohydrates than non-vegetarians 

with a mean difference of 4.7% (2.7, 6.7). 

 
Figure 5.2: Mean percentage of energy contribution from protein, carbohydrates, and fat of 
non-vegetarian and vegetarian participants  

 

5.4 Daily energy and fibre intakes of vegetarian and non-vegetarian 

participants 

The mean daily fibre intakes of vegetarians and non-vegetarians are shown in Table 5.2. It 

appeared that non-vegetarian Pacific Islanders had relatively high, and non-vegetarian Asians 

relatively low fibre intakes compared with New Zealand European and Other, although small 

numbers of participants impede meaningful statistical comparisons. Overall, vegetarians in 

each demographic group had a higher mean fibre intake than non-vegetarians. 
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Table 5.2: Mean daily fibre intakes of 219 non-vegetarian and 31 vegetarian participants 

1 Body mass index (BMI) = kg/m2 

2 BMI z-score = “the deviation of an individual’s value from the median value of a reference population, divided by 
the standard deviation of the reference population”, derived from the World Health Organization (134). 
3 Three participants who completed a 24-hr recall did not complete anthropometric data. 
4 There were no participants in this demographic category. 
5 One participant who completed a 24-hr recall did not state their ethnicity. 
6 NZDep2013 = The ‘NZDep2013 Index of deprivation’ is a scale of deprivation from 1-10. These are determined 
in mesh block areas, where 1 is the 10% of NZ mesh blocks that are the least deprived and 10 is the 10% of NZ 
mesh blocks that are the most deprived (135). 

 

Figure 5.3 displays the different fibre intakes of vegetarians and non-vegetarians between 

BMI z-scores. In both vegetarians and non-vegetarians those who were obese tended to have 

the lower fibre intakes compared with those in the healthy range. Vegetarians tended to have 

higher fibre intakes than non-vegetarians in each BMI z-score range with a mean difference 

(95% CI) in the healthy range of 5.4 (1.0, 9.7) g/day. Small numbers of overweight and obese 

vegetarian participants impede meaningful statistical comparisons with overweight and obese 

non-vegetarian participants. One outlier was excluded from Figure 5.3 where one healthy 

range participant had a fibre intake of 79.0 g/day. 

Characteristics Fibre intake (g/day) 

 Non-vegetarian Vegetarian 

 n Mean (95% CI) n Mean (95% CI) 

Age (years)     
   15 43 23.3 (21.9, 24.7) 2 35.3 (26.1, 44.4) 
   16 77 23.8 (22.5, 25.0) 10 28.5 (26.5, 30.6) 
   17  85 25.0 (24.0, 26.0) 15 28.7 (26.0, 31.3) 
   18  14 22.1 (20.0, 24.1) 4 30.6 (24.7, 36.5) 
     
Body mass index1 z-score2,3      
  Underweight (<-2) -4 -4 -4 -4 
  Healthy range (≥-2 to 1) 139 24.5 (23.7, 25.4) 24 29.9 (27.8, 31.9) 
  Overweight (1 to ≤2) 53 23.4 (22.0, 24.7) 5 28.2 (26.0, 30.5) 
  Obese (>2) 24 22.1 (20.3, 23.9) 2 25.1 (24.0, 26.0) 
     
Ethnicity5     
   New Zealand European and 
Other  

171 24.5 (23.8, 25.2) 24 29.2 (27.4, 31.0) 

   Māori 32 22.2 (20.4, 23.9) 7 29.6 (25.4, 33.7) 
   Pacific Islander 6 31.4 (25.1, 37.6) -4 -4 

   Asian 9 18.2 (14.3, 22.1) -4 -4 

     
NZDep20136     
  1-3  80 25.9 (24.6, 27.1) 12 30.8 (28.6, 33.0) 
  4-7  100 23.9 (23.1, 24.8) 15 30.1 (27.3, 32.8) 
  8-10  39 20.6 (19.1, 22.1) 4 21.8 (20.0, 23.7) 
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1 Three non-vegetarian participants who completed a 24-hr recall did not complete anthropometric data. 

Figure 5.3: Box plot of fibre intake and BMI z-score range of 216 non-vegetarian1 and 31 

vegetarian participants 
 

Energy and fibre intakes of the total sample and of the non-vegetarian and vegetarian 

subgroups are shown in Table 5.3. Of the sample, 12.4% self-identified as vegetarian. The 

mean energy intake of the vegetarians and non-vegetarians was not different, but vegetarians 

tended to have a lower mean energy intake with a mean (95% CI) difference of 488 (-93, 

1069) kJ/day. Vegetarians had a mean fibre intake 5.2 (1.8, 8.7) g/day greater than non-

vegetarians. Vegetarians had a mean fibre density 0.9 (0.5, 1.1) g/1 MJ greater than non-

vegetarians. Overall, the mean fibre intakes of both vegetarians and non-vegetarians was 

higher than the recommended AI for this age group (22.0 g/day). 
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Table 5.3: Mean daily energy intake, mean daily fibre intake, median daily fibre intake, and 
mean fibre density of total participants, non-vegetarians, and vegetarians 

 
All (n=251)1 Non-vegetarian 

(n=219) 
Vegetarian (n=31) 

Mean daily energy 
intake (kJ/day) (95% CI) 

8074 (7962, 8195) 8137 (8014, 8259) 7649 (7379, 7918) 

Mean daily fibre intake 
(grams/day) (95% CI) 

24.7 (24.0, 25.3) 24.0 (23.4, 24.7) 29.3 (27.6, 30.9) 

Median daily fibre intake 
(grams/day) (25th, 75th 
centile) 

23.7 (18.1, 29.5) 22.8 (17.4, 29.0) 25.9 (23.4, 35.1) 

Mean fibre density 
(grams/1 MJ) (95% CI) 

3.0 (3.0, 3.1) 2.9 (2.9, 3.0) 3.9 (3.7, 4.0) 

1 One participant who completed a 24-hr recall did not state their vegetarian status. 
 
 

The mean fibre intakes between vegetarians and non-vegetarians are displayed as a histogram 

and density curve in Figure 5.4. Fibre intakes in both vegetarian and non-vegetarian samples 

are reasonably normally distributed with a few participants having atypically high intakes 

resulting in a slight skew. There is a clear right shift in the vegetarian compared with the non-

vegetarian distribution. 
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5.5 Bowel habits of vegetarian and non-vegetarian participants 

The bowel frequency and consistency of vegetarian and non-vegetarian participants are shown 

in Table 5.4. There was no difference in the mean bowel consistency of vegetarians and non-

vegetarians at 0.1 (-0.2, 0.5), however more vegetarians than non-vegetarians had a mean 

bowel consistency of 4-7 on the Bristol Stool Chart. Vegetarians had more frequent bowel 

motions than non-vegetarians with the mean difference of 1.6 (0.2, 3.1) times/week. 

Furthermore, more vegetarians than non-vegetarians passed a bowel motion once or more a 

day. 

Table 5.4: Bowel habits of 107 non-vegetarian and 27 vegetarian participants1 

Bowel habits Non-vegetarian Vegetarian 

Bowel frequency    
   Mean (times/week) (SD) 5.8 (2.4) 7.5 (3.7) 
   ≥1/day (%) 43.0 66.7 
   <1/day (%) 57.0 33.3 
   
Bowel consistency (Bristol 
Stool Chart) 

  

   Mean (SD) 3.2 (0.8) 3.3 (0.8) 
   1-3 (%)2 77.6 63.0 
   4-7 (%)3 22.4 37.0 

1Bowel habits were only analysed in semester two participants hence the smaller participant number 
2Bristol Stool Chart 1-3 indicates a harder, drier stool  
3Bristol Stool Chart 4-7 indicates a softer, looser stool   

 

5.6 Main food groups contributing to daily fibre intakes of vegetarian and non-

vegetarian participants 

The food groups that were the main contributors to daily fibre intake for non-vegetarians and 

vegetarians are displayed in Figure 5.5. Vegetables, fruits, and breads had the greatest 

contribution to fibre intake for vegetarians and non-vegetarians. Vegetarians had a higher 

percentage fibre contribution from vegetables than non-vegetarians with a mean difference of 

5.8% (0.5, 11.1). Fruits and breads had a higher fibre contribution for non-vegetarians 

however these were not significantly different. 
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6 Discussion 

The aim of this study was to compare the fibre intakes and main fibre food sources of 

vegetarian and non-vegetarian adolescent females in NZ. In this current study vegetarians had 

a significantly higher mean fibre intake than non-vegetarians with a mean difference (95% CI) 

of 5.2 (1.8, 8.7) g/day and a significantly higher mean fibre density than non-vegetarians with 

a mean difference of 0.9 (0.5, 1.1) g/MJ. The higher fibre intakes and fibre densities of the 

vegetarians is consistent with the literature (3, 4). Furthermore, those with a lower BMI were 

more inclined to have higher fibre intakes, with vegetarians tending to have higher fibre 

intakes than non-vegetarian in each BMI category. Bowel habits between vegetarians and 

non-vegetarians differed, with vegetarians tending to have softer, more frequent bowel 

motions. In addition, vegetables were the main contributor to fibre intake in both vegetarians 

and non-vegetarians, but vegetarians had a significantly higher contribution from vegetables 

with a mean difference of 5.8% (0.5, 11.1). 

High fibre foods generally have a low energy density, thus those who consume a higher fibre 

diet tend to displace energy leading to lower energy intakes (136, 137). This is reflected in the 

current study where vegetarians tended to have lower energy and higher fibre intakes than 

non-vegetarians. This displacement of energy may be part of the reason why a higher fibre 

diet has been associated with a lower BMI (63, 64), a finding that has been suggested in this 

current study. In addition, vegetarians generally had lower BMIs and higher fibre intakes than 

non-vegetarians, consistent with what has been found in the literature (15-17), with 

vegetarians generally consuming more fibre in each BMI category. Since there were only a 

small number of overweight and obese vegetarian participants, it was not feasible to make 

meaningful statistical comparisons with overweight and obese non-vegetarians, and 

differences reported here should be treated with caution. Obesity is a risk factor for 

developing certain chronic diseases (59), so because an increase in fibre may be associated 
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with a decreased BMI, achieving an adequate fibre intake is likely to have beneficial health 

consequences. 

Overall findings suggest that vegetarians tended to have softer, more frequent bowel motions 

than non-vegetarians. In this study, more vegetarians than non-vegetarians had a stool 

consistency of 4-7 on the Bristol Stool Chart and more vegetarians passed a bowel motion 

once or more a day. This is consistent with findings from other surveys such as a cross-

sectional analysis of the EPIC-Oxford study in which higher fibre intakes and being 

vegetarian or vegan were factors strongly associated with a higher frequency of bowel 

movements (40). Likewise, it was found in another study that vegans and vegetarians, who 

had higher fibre intakes than omnivores, had a tendency for a shorter bowel transit time and 

softer stools (39). Fibre aids in regulating bowel motions and as fibre intake increases, bowel 

transit time tends to decrease and stools tend to soften (41, 138), with results from this current 

study supporting these associations. Furthermore, since the 1970s fibre has been theorised to 

be a protective factor for colorectal cancer (138). One of the reasons for this is fibre reduces 

contact time between stools and the colonic mucosa (138). Thus, vegetarians, who have been 

identified as having more frequent bowel motions may have a lower risk of developing 

colorectal cancer (39, 40). It must be noted though that bowel habits questions were only 

asked of participants during part of the data collection period (second semester) and were 

determined using qualitative self-reporting rather than quantitative measures. Thus, the 

number of participants was relatively small and further investigations into the relationship 

between vegetarianism, fibre, and colorectal cancer are required, especially since NZ has one 

of the highest bowel cancer rates in the world (139).  

Vegetables were found to be the main contributor to fibre intake in both vegetarians and non-

vegetarians, but vegetarians typically had a higher contribution from vegetables. Legumes 

were included in this food group which may explain these findings as generally vegetarians 
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have been found to consume higher quantities of legumes as an alternative source of protein 

to meat (3, 13, 16). It has been found that vegetarians consumed more dark green leafy 

vegetables than non-vegetarians, possibly as they are high in vitamin C which aids in non-

haem iron absorption (15). This, along with the inclusion of legumes may justify why 

vegetarians had a higher fibre contribution from vegetables than non-vegetarians. Overall, 

findings were unlike what has been found in the literature where breads and cereals tend to 

have a higher contribution to fibre intake than vegetables (1, 3, 13, 16, 58). One speculation is 

that adolescent females have been found to consume more vegetables than adolescent males 

(1, 140, 141) while adolescent males have been found to consume more breads and cereals (1, 

142). Most studies where breads and cereals were the main contributor to fibre intake did not 

differentiate between male and female adolescent vegetarians, potentially why breads and 

cereals were a higher contributor than vegetables in these studies. Another possibility is there 

was no differentiation between refined and unrefined grains in this current study so 

participants may be consuming more refined grains which are low in fibre rather than less 

total grains.  

The mean fibre intakes of vegetarians and non-vegetarians were higher than the recommended 

AI of 22.0 g/day for females of this 15-18-year-old age group. The intakes are relatively high 

compared with what has been found in the literature for females of this age group (1, 3, 4, 52, 

53, 55, 56, 58). Findings from the NZ Adult Nutrition Survey show 15-18-year old females 

had a mean fibre intake of 16.0 g/day (1), lower than the estimate obtained in this current 

study. One explanation may be that those who had more of an interest in nutrition were more 

likely to participant in the study. Also, due to the rise in social media adolescent females are 

increasingly exposed to the ‘clean’ eating phenomenon, with large emphasis on fruits and 

vegetables, potentially influencing their eating choices as a result. Furthermore, there may be 

a possible bias due to the over-representation of vegetarians in this current study increasing 

the mean fibre intake of total participants. 
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Both the non-vegetarians and vegetarians had a mean fibre intake that surpassed the 22 g/day 

recommended AI for this age group, however when adolescents reach the age of 19 years 

there is a further increases to 25 g/day (1). While most vegetarian adolescents were already 

exceeding this recommended AI, thus setting them up for meeting the adult recommendations 

from age 19 years upwards, many non-vegetarians were not. This highlights the need to 

encourage adolescents to consume a more plant-based diet to aid in meeting these higher 

recommendations once adolescents reach adulthood. 

Small numbers of vegetarian participants necessitated targeted recruitment, therefore the 

proportion of vegetarians in this current study (12.4%) may not be representative of that in 

NZ. The prevalence of vegetarianism in NZ is unknown although estimates of between 1-10% 

have been reported (143, 144), with further suggestions from a recent online survey that one 

in three New Zealanders are reducing their meat consumption or eliminating it altogether (5). 

The prevalence of vegetarians in Canada has been assessed at 9.4% (145) and in Australia 

12.1% (146). The high proportion in Australia is likely due to the broad, non-specific question 

that was asked in the survey the proportion was obtained from, assessing how much of 

peoples’ diets were “all, or almost all, vegetarian” (146). The high proportion of vegetarians 

in this current study may be due to participants self-identifying their vegetarian status, leaving 

the definition broad and non-specific. Furthermore, there was initially a low percentage of 

vegetarians so targeted recruitment was used to increase the percentage of vegetarians which 

may have led to an overrepresentation. Proportions of vegetarians in NZ are still unknown and 

as a result the nutrient status of NZ vegetarians remains unknown.  

Only one participant specifically took a fibre supplement ‘GO Healthy Slippery Elm 600mg’, 

containing mucilage, a soluble fibre claiming to ease digestion. Fibre supplementation is 

generally marketed towards older adults so adolescent females may not be inclined to 

purchase them. Ideally fibre intake should be from food rather than from supplementation so 
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consuming a diet higher in fibrous foods ought to be encouraged before supplementation is 

considered. 

A considerable strength of this current study was its multi-centric nature. Recruitment around 

NZ resulted in a better representation of adolescent females in NZ than if this were a single-

centred study. Despite this, sampling was not nationally representative and survey participants 

may have differed from the general population of schoolgirls in factors such as age 

distribution, school decile, NZDep and ethnicity. National statistics of ethnic makeup are 

available and Māori, Asian, and Pacific Islanders were underrepresented in the total sample. 

The ethnic prevalence of vegetarians is unknown and in the current survey no Pacific Islander 

or Asian identified as vegetarian. 

The self-defining method for identifying vegetarianism was another limitation of this study. 

There is a wide variety of definitions for vegetarians, thus participants may classify 

themselves under one of the terms of vegetarianism while their diets suggest differently. On 

the other hand, the self-defining method can also be seen as a strength in preventing 

misclassification if a participant usually consumes a non-vegetarian diet but consumed a 

vegetarian diet on the day of the recall.  

The repeat 24-hr dietary recall method was a strength in this current study. This dietary 

assessment method reduces the chance for over-reporting on higher fibre foods compared to 

other dietary assessment methods (125, 126) and the least overall under- and over-reporting in 

adolescents (129, 130). Using repeat recalls increases accuracy for day-to-day variations in 

fibre intake so is more representative of usual intake than a single recall, where 84.8% of the 

participants completed a repeat recall in this current study. 

This current study provides novel information for the fibre intakes between vegetarian and 

non-vegetarian adolescent females in NZ. Currently there are no data on the fibre intakes of 

this population in NZ. While surveys around the world indicate fibre intakes are higher in 
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vegetarians, these investigations had not been carried out in NZ. As this is a novel study, 

further research between the fibre intakes of vegetarian and non-vegetarian adolescent 

females in NZ is warranted. 

Overall, vegetarians had significantly higher fibre intakes and fibre densities than non-

vegetarians with many non-vegetarians not meeting the recommended fibre intake. Thus, 

encouraging a more plant-based diet to aid in achieving an adequate intake would be 

beneficial. The main fibre source for vegetarians and non-vegetarians were from vegetables, 

unlike in many other surveys such as the NZ Adult Nutrition Survey where breads and grains 

were the main fibre sources. Fibre aids in regulating bowel function, with possible 

associations found in this survey where vegetarians, who had higher fibre intakes tended to 

have more frequent, softer stools than non-vegetarians. Also, possible associations between 

fibre and BMI were found where those with a lower BMI tended to have a higher fibre intake. 

Furthermore, vegetarians tended to have higher fibre intakes than non-vegetarians in each 

BMI category. With obesity a risk factor for developing certain chronic diseases, encouraging 

a more plant-based diet to ensure adequate fibre intake is vital. Both vegetarians and non-

vegetarians had a mean fibre intake above the recommended AI, with vegetarians even having 

a mean fibre intake over the adult recommendation of 25 g/day, setting them up for meeting 

these recommendations in adulthood. The benefits of a higher fibre intake that have been 

shown with the vegetarians in relation to bowel regulation and lower BMI, along with many 

of them exceeding the recommended intake, encourages a more plant-based approach to 

ensure adequate fibre intake during adolescence into adulthood. However, this is a novel 

study so further research is required to strengthen these associations.  
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7 Application to Dietetic Practice 

 

Results from this current study present valuable information about the fibre intakes of 

adolescent females in NZ. It reveals an important consideration that dietitians must be aware 

of the potential for inadequate fibre intakes in adolescents. Even though many participants in 

this current survey had higher than recommended fibre intakes, those who had a lower fibre 

intake were associated with more solid stools and less frequent bowel movements. 

Constipation has been associated with an increased risk of cardiovascular events later in life 

(147). As the diets of adolescents are likely to track into adulthood (148) they need to 

establish healthy eating habits while they are young. 

One important area that dietitians can focus on in addressing fibre intake during adolescence 

is education. Education that should include the basics of why it is important to have adequate 

fibre intake and how adolescents can make simple and realistic changes to their diet. 

Providing adolescents with compelling reasons for including fibre in their diets will increase 

the likelihood that they will make modifications to their diet and adhere to them, setting them 

up for life-long healthful habits. 

Another potential area of application for dietitians from the findings of this current study is to 

encourage a more plant-based diet, which aligns with current recommendations from the 

EAT-Lancet Commission and Ministry of Health (89, 90). Personal preferences and 

practicality for each adolescent must be considered with regards to any changes made to their 

diet. Rather than encouraging an entirely plant-based diet, dietitians could recommend small 

simple changes, as any increment in fibre intake will be beneficial, especially in those who 

may have an inadequate intake. 

Another prospective area of application for dietitians is education about fibre intakes targeted 

towards the parents and guardians of adolescents. Many adolescents are still under the care of 
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parents or guardians, therefore much of the food they consume is likely decided to some 

extent by those who care for them. Dietitians should not only emphasise the importance of 

adequate fibre intake during adolescence but the importance for parents and guardians to role-

model eating higher fibre foods like fruits, vegetables, and whole grains. If everyone is 

involved in these dietary changes, the likelihood that they will be adhered to is greater than if 

the adolescents were making these changes on their own. 

There are many easy, achievable changes that dietitians can recommended to ensure adequate 

fibre intake in adolescence which aligns with current recommendations from the ‘New 

Zealand Food and Nutrition Guideline Statements for Healthy Children and Young People 

(Aged 2-18 years)’ (149). Encouraging “plenty of vegetables and fruit”, “grain foods, mostly 

whole grain and those naturally high in fibre”, and including legumes in the diet are all ways 

to increase fibre intake in an adolescent’s diet while still adhering to nutrition guidelines 

(149). 

Overall, findings from this current study signifies to dietitians to be aware of the potential for 

inadequate fibre intake during adolescence and the importance of consuming adequate fibre. 

Good practices during adolescence can set them up for continuing these habits into adulthood. 

Emphasis for dietitians to encourage a more plant-based diet as well as involving the parents 

and guardians are both important factors in helping achieve an adequate fibre intake for 

adolescents.  
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