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Abstract

[bookmark: _Hlk39593685]Background: The vegetarian diet has been growing in popularity for health, environmental and ethical reasons. However, vegetarians can be at risk of iron deficiency due to the low bioavailability of iron from plant foods. It is important for individuals considering or following this diet to be well-informed to ensure iron balance. The purpose of this study was to compare dietary iron intakes in a sample of vegetarian women against their knowledge, attitude and practises relating to iron balance following such a diet. 
Methods: A dietary assessment was carried out using five-day food diaries to determine dietary iron intakes in a sample of 15 vegetarian women. Data on knowledge, attitudes and practises relating to iron balance in a vegetarian diet was gathered using a questionnaire also completed by participants.
Results: Analysis of dietary intakes from food diaries presented a significant difference in participants average iron intakes and the Reference Nutrient Intake (RNI) of iron (P<0.01). 
Average dietary iron intakes were below the RNI of 14.8 mg/day in all particpants and the use of nutritional iron supplements was low. However, participants demonstrated mainly high or moderate knowledge levels on iron balance in a vegetarian diet and both positive and negative attitudes relating to their own dietary intakes and the vegetarian diet.  
Conclusions: Overall, high knowledge levels found on iron balance in a vegetarian were not reflected in adequate iron intakes or dietary practises such as high levels of iron supplement use. Further research is required to examine the complex association between knowledge, attitude and practises relating to iron balance and dietary intakes of iron. 









Chapter 1

1.0 Introduction

[bookmark: _Hlk39249110]Modern vegetarianism is an alternative eating pattern characterised by the non-consumption of meat and most animal products (Neale et al, 1993). The vegetarian diet includes many subsets where practises vary depending on the degree of restriction of animal products consumed (Haddad and Tanzman). In recent years, vegetarianism has increased in popularity and attracted significant scientific attention in Western countries (Barr and Rideout, 2004). The diet has been associated with many health benefits including lower rates of types 2 diabetes and obesity (Orlich et al, 2014). Females are also more likely to be vegetarian than males (Neale et al, 1993). Recent studies by Thomas (2016) and Judge and Wilson (2019) have documented that men and women have differentiating attitudes towards meat and that vegetarianism is more associated with a feminine identity.  
Iron deficiency anaemia (IDA) is one of the most common nutritional deficiencies in the world and is the result of low dietary intake of iron as well as low bioavailability of the mineral (Delimont et al, 2017). Iron balance is a reflection of dietary intakes of iron, its absorption and iron losses. It is achieved by compensating iron which is lost through the gastrointestinal tract, skin, and blood loss (Wallace, 2016; Pedlar et al, 2018). Populations with the highest occurrence of IDA include women, children and individuals following a vegetarian diet (Leonard et al, 2014). Females are at an increased risk of iron deficiency due to menstrual blood loss which contributes greatly to ongoing iron depletion throughout the reproductive years (Agha et al, 1992). The Reference Nutrient Intake (RNI) of iron for females ages between the ages of 11-50 is 14.8 mg/day in the UK. The RNI is the amount of a nutrient which if efficient to ensure that the needs of nearly all a group (97.5%) are being met (British Nutrition Foundation, 2016).
Dietary iron occurs in two main forms; haem and non-haem. Haem iron is derived from animal sources and is the more bioavailable form while non-haem iron is present in plant foods and not as easily absorbed by the body (Zimmermann and Hurrell, 2007). However, other dietary factors have an impact on non-haem iron absorption such as the intake of an enhancer (Phillips, 2005). As sources of iron become mainly plant-based when following a vegetarian diet, nutrition knowledge is important for the ability to meet iron requirements and avoid the development of IDA (Leonard et al, 2014).
Knowledge, attitude and practises (KAP) questionnaires are used to gather information on the knowledge (what is known), attitudes (what is thought) and practises (what is done) in a specific population about a certain issue or topic (World Health Organization, 2014). In this study, it was used on a sample of vegetarian women to gather information on their knowledge, attitudes and practises regarding iron balance following a vegetarian diet.

1.1 Aims of the study 
[bookmark: _Hlk39505328][bookmark: _Hlk26212778]The purpose of this study was to carry out a dietary analysis of vegetarian women using food diaries recorded over a five-day period to determine dietary iron intakes. Participants knowledge, attitude and practises in relation to iron balance following a vegetarian diet were also investigated. As a result, analysed dietary iron intakes from food diaries could be compared against participants knowledge, attitude and practises to determine how these factors related to each other. 
[bookmark: _Hlk39304039]Hypothesis 1: A greater knowledge on dietary iron will be reflected in greater iron intakes and more positive attitudes and dietary practices relating to iron balance.
[bookmark: _Hlk39307474]Hypothesis 2: A lack of knowledge on dietary iron will be reflected in low iron intakes and more negative attitudes and dietary practices relating to iron balance.
Hypothesis 3: The level of knowledge on dietary iron presented will not reflect in iron intakes or attitudes and dietary practices relating to iron balance.
The results of this research study may be of use to nutrition researchers and health promotion specialists. The study will also offer a contribution to research on vegetarian diets and add to research as few studies exist involving the use of a knowledge, attitude and practises questionnaire and specific diets like vegetarianism.




Chapter 2

2.0 Review of Literature

A literature search was conducted using the University of Wales Trinity Saint David library database relevant to the course Health, Nutrition and Lifestyle. This course comes under the university’s Institute of Management and Health and the databases most suited to the area of study included Academic Search Premier, Medline, Science Direct and PsycARTICLES. These databases were used to identify articles of most use and relevance to the study. The use of these databases also helped to ensure only reliable research, reviews and position papers were included in the review of literature. 
The proceeding literature review will focus on the vegetarian diet and its different forms, the history of vegetarianism and nutritional benefits and concerns relating to the diet. The influence of knowledge attitudes and practises on dietary intakes will also be included. 
 
2.1 What is a vegetarian diet?
[bookmark: _Hlk38999828]There is no existing definition which is universally accepted for the term vegetarian. However, it is generally used to describe an individual who avoids meat, fish and poultry and consumes a mainly plant-based diet of fruit, vegetables, legumes, grains and nuts (Haddad and Tanzman, 2003; Marsh et al, 2012). The diet involves a range of dietary practises and restrictions which vary between individuals generally based on their motives behind following a vegetarian diet (McEvoy et al, 2012). Vegetarians may still include animal products such as dairy in their diets and a vegan diet is one which excludes all flesh foods and animal products (Key et al 1999). There are four main types of vegetarian diets together with veganism and they are lacto-ovo-vegetarian (includes dairy and eggs), lacto-vegetarian (includes dairy) and ovo-vegetarian (includes eggs) (Fraser, 2009; McEvoy et al, 2012). Unless otherwise stated, reference to vegetarianism is largely to the lacto-ovo-vegetarian form of the diet and it is the most widely followed variation of the diet (Key et al, 1999).  
[bookmark: _Hlk39247214][bookmark: _Hlk39236680]The Vegetarian Society (UK) defines a vegetarian as ‘someone who lives on a diet of grains, pulses, nuts, seeds, vegetables and fruits with, or without, the use of dairy products and eggs’ (Gandy, 2014, p.129). The National Diet and Nutrition Survey (2008/9-2011/12) estimated that around 2% of adults and children in the UK were following vegetarian diets which equated to more than 1.2 million people (Department of Health, 2016). The vegetarian diet has experienced an increase in popularity in the UK in recent years (Baroni, 2015). The prevalence of vegetarianism in the UK is now said to be similar to figures from the USA with as many as 12% of adults and 20% of people aged 16-24 years identifying as vegetarian (Mintel Press Office 2014). This is reflected in the increase of meat-free products containing plant proteins now available in the food market. The largest manufacturer of meat substitutes in the UK is ‘Quorn’ who cater to the growing number of vegetarians and individuals looking to reduce their consumption of meat (Apostolidis and McLeaya, 2016). The vegetarian diet is also often characterised as being healthful and nutritious with a higher consumption of fruit and vegetables compared to an omnivorous diet (Segasothy and Phillips, 1999; McEvoy et al, 2012). 

2.2 The history of vegetarianism
Spiritual and ethical concerns have motivated the non-consumption of meat in ancient times. Many major religions include rules and beliefs based on what to eat and drink and kind treatment towards animals which remain influential in some cultures to the present time (Ruby, 2012). The first written documents relating to vegetarianism in Europe date back to the sixth century BC by followers of the Orphic mysteries. This religious group banned the sacrifice and consumption of animals (Leitzmann, 2014).  Beardsworth and Bryman (1999) put forward that long term shifts in meat consumption in the UK over several decades has revealed a trend away from red meats such as beef and lamb. In addition to this, they found that there has been an increase in individuals intentionally avoiding meat products and adapting varied forms of vegetarianism. 
The word “vegetarianism” was termed by the British Vegetarian Society in 1847 which marked a key phase in the evolution of vegetarianism as a social movement (The Vegetarian Society UK, 2020). There are a variety of non-religious motives which may influence an individual to turn to a meat-free diet. Ethical issues regarding animal treatment and personal health were found to be main motivators behind following a vegetarian diet in studies by Fox and Ward (2008) and Beardsworth and Keil (1992). In addition to this, Kenyon and Parker (1998) found the influences of family and peers, desires for weight loss and disgust with eating flesh frequently appeared as motives for adopting such a diet. The form of vegetarian diet being followed by an individual and its level of restriction is often influenced by how strongly they feel about the aforementioned motives (Phillips, 2005). 
Vegetarianism is also associated with environmental concerns due to the ecological impact of meat and farming (Hoek, 2004). It is argued that present meat production processes in Western society in particular, place a heavy burden on the environment. Additionally, reductions in the demand for meat could result in positive effects such as decreased soil erosion, water usage and methane production (Lea and Worsley, 2001). In a study by Kalof et al (1999) on influences on vegetarianism, beliefs the diet was less harmful to the environment was the only factor significantly differentiating vegetarians and non-vegetarians. Furthermore, it should be considered that concerns over environmental issues have greatly increased in recent years due to effects such as global warming (Fox and Ward, 2008). 
Social media can have a powerful impact on food selection, health behaviour and diets. An individual may decide to remove meat from their diet due to something they view online, however, media messages about nutrition are often inconsistent and may not be evidence based (Goldberg and Hellwig, 1997). Worsley and Skrzypiec (1997) also stated that vegetarian food patterns are more common among young women as they are more likely to be influenced by the media in relation to behaviours and appearance. Orlich et al (2014) suggested vegetarianism may be more common in women due to greater concerns for health and the environment and their will to experiment with culinary practices. However, when the motive behind vegetarianism is improved personal health, it is most likely to result in health benefits due to greater interest regarding the nutritional aspects of such a choice (Rizzo et al, 2016). 

2.3 Nutritional benefits and concerns of a vegetarian diet.
Considerable interest into vegetarian eating patterns has emerged due to growing research suggesting a well-designed vegetarian diet can benefit health and meet current dietary recommendations while lowering risks of non-communicable diseases (Bedford and Barr, 2005; Phillips, 2005; Craig and Mangels, 2009). Segasothy and Phillips, (1999) and Key et al (1999) have proposed that vegetarian eating habits more closely follow dietary recommendations for healthy and balanced eating compared to omnivorous diets.
[bookmark: _Hlk34236415]Vegetarianism has been associated with a range of health benefits such as lower blood pressure and blood cholesterol levels and a lower risk of heart disease and hypertension (Forestall, 2012; Craig and Mangels, 2009). An adequate vegetarian diet has also been linked to health benefits including lower body mass index (BMI) compared to matched omnivores and lower rates of cancer (Pawlak et al, 2016; American Dietetic Association and Dietitians of Canada, 2003). In addition to this, there are many nutritional benefits related to a well-balanced vegetarian diet. These benefits include lower levels of saturated fat and cholesterol due to the absence of animal proteins and higher levels of dietary fibre which supports a healthy digestive system (Marsh et al, 2012; Haddad and Tanzman, 2003). 
The vegetarian diet often results in a greater intake of essential nutrients such as magnesium, potassium, folate, antioxidants such as vitamin C and E, phytochemicals and carotenoids (Phillips, 2005). This is likely due to the dependence on plant-based foods when following such a diet and greater levels of health consciousness which are common among vegetarians, Winston, 2009). While these characteristics are consistent with most vegetarian diets, intakes vary depending on the individual, their eating patterns and dietary preferences. Additionally, those who follow a vegetarian diet due to animal welfare or environmental concerns may not be aware of or as interested in possible nutritional deficiencies (Leitzmann, 2014). 
[bookmark: _Hlk34596611]Rizzo et al (2013) conducted a cross sectional study on vegetarians and non-vegetarians using a 204-item semi-quantitative food frequency questionnaire and anthropometric data on height and weight. It was found that non-vegetarians had the highest BMI values and intakes of trans, saturated and arachidonic fatty acids. Vegetarians were found to have lower total calorie, calcium and iron intakes. They also had the highest intakes of fibre, soy protein, vitamin C and E, folate and beta carotene. A well-planned vegetarian diet can be nutritionally adequate and may provide a more diverse range of foods than a diet which is based around meat (Lean and Combet, 2017, p.155-156). However, there are some nutrients which may be of concern when following a vegetarian diet especially if dairy is avoided. These nutrients should be closely monitored to avoid deficiency and include protein, iron, calcium, zinc, iodine and vitamins B12, A and D (Craig and Mangels, 2009). 

2.4 Iron deficiency.
Vegetarians are at a heightened risk of iron deficiency due to the low bioavailability of iron from plant based foods. These foods provide non-haem iron which is less readily absorbed by the body and why iron intakes should be carefully monitored when following a vegetarian diet (Phillips, 2005). The iron requirements for young women are the highest out of all population groups. The increased risk of iron deficiency in this population is due to losses during menstruation each month and childbirth (World Health Organization, 2001; Leonard et al, 2014). Iron deficiency occurs when iron losses or requirements exceed the amount which is being absorbed by the body and it is diagnosed by measuring serum ferritin levels (Pasricha, 2010). Marsh et al (2012) claimed that vegetarian diets often contain as much and sometimes more (non-haem) iron than a omnivores diet. This was presented in a study by Ball and Bartlett (1999) investigating dietary intake and iron status in vegetarian and omnivorous women. The study revealed no significant differences between mean daily iron intakes in both groups. However, mean serum ferritin concentrations were lower among the vegetarian women. 
Hurrell and Egli (2010) has suggested that non-haem iron absorption is determined by iron status. It is also believed that the body can adapt to a range of iron intakes meaning lower body stores can result in intestinal adaptation. As a result, with lesser iron demands, the nature of the diet being followed has a limited effect on body iron reserves which supports the issue of low levels of iron in vegetarians (Hunt, 2003; Cook, 1990). Nevertheless, it is important that vegetarian women have adequate dietary intakes of iron and follow dietary practices which enhance iron absorption to prevent deficiency. This includes maximizing intakes of vitamin C which is a powerful iron enhancer to promote the bioavailability of iron in their diets (Lean and Combet, 2017, p.156).

2.5 Vitamin B12 deficiency. 
Vitamin B12 deficiency is a concern for individuals following a vegetarian, vegan or any diet which restricts animal products (Craig and Mangels, 2009). It is only present in substantial quantities in foods of animal origin and if sufficient intakes are not consumed through fortified foods or supplements, deficiency can be expected (Allen, 2009). Vitamin B12 is also known as cobalamin and is an essential vitamin as it cannot be produced by the body. The main roles of this vitamin include supporting the normal functioning of nerve cells and to help form red blood cells and DNA (Rizzo et al, 2016; Department of Health, 2012, p.73). A cobalamin deficiency can be diagnosed by measuring serum or plasma vitamin B12 concentration in the blood (Allen, 2009). A cross-sectional study by Gilsing et al (2010) involving omnivores, vegetarians and vegans found mean serum concentrations of vitamin B12 were reflected in meat and animal product intakes. The highest concentrations of serum vitamin B12 existed in omnivores and the lowest in vegan participants. Following a vegetarian diet, it is important to include sources of biologically active vitamin B12 supplements or fortified products such as plant based milks and cereals in the diet to avoid a deficiency (Rizzo et al, 2016). Furthermore, deficiency can occur up to five years later as a result of continuous insufficient intakes and stores being used up. As a result, adequate intakes through supplementation are especially important when first turning to a diet which restricts animal products to prevent existing stores of the vitamin from depleting (Herrmann et al, 2003). 

2.6 Knowledge, attitudes and practises and dietary intakes. 
Basic nutrition knowledge is essential for the ability to follow dietary recommendations and have a healthy, balanced diet. The foundations of nutrition education are provided in school and the government and health promotion agencies also aim to improve nutrition knowledge and support sound dietary intakes (Spronk et al, 2014). Psychologists have recognized two types of knowledge and they are declarative and proceduaral knowledge. Declarative knowledge refers to understanding of different things, processes and facts and has many domains including nutrition knowledge. Procedural knowledge is knowledge about the way in which actions are performed and relates to certain skills or carrying out a task (Worsley, 2002; Dickson‐Spillmann and Siegrist (2011). Nutrition knowledge is especially important when following a vegetarian diet to understand how to correctly supplement meat and animal products in the diet to avoid nutritional deficiencies (McEvoy et al, 2012).
People have different experiences, influences and their own systems of beliefs which result in different levels of nutrition knowledge. Motivations for adopting a vegetarian diet are often based on knowledge about health and environmental issues relating to meat production and consumption (Barr and Chapman, 2002). Previous studies by Shickle et al (1989) and Hoffman et al (2013) also found high levels of nutrition knowledge among vegetarians and desires for information which they can use to improve their dietary intakes. However, dietary intakes are not influenced by nutrition knowledge alone. Following a vegetarian diet, attitudes towards animal treatment, family influence and concerns about the value and quality of meat can all influence dietary choices (Barr and Chapman, 2002 and Dickson-Spillmann et al 2011). 
The role of nutrition knowledge on dietary behaviours and practises remains ambiguous. Studies by Wardle et al (2000) and Sapp and Jensen (1997) found only weak associations between the two variables. Few studies have addressed the nutrition knowledge of vegetarians and fewer focus on the assessment of knowledge and its impact on dietary iron intakes. The current study aims to carry out a dietary analysis of vegetarian women to determine dietary iron intakes and investigate their knowledge, attitude and practises in relation to iron balance following a vegetarian diet. 

[bookmark: _Hlk34862125]














Chapter 3

3.0 Methodology

3.1: Study Design
The objective of this research study was to carry out a dietary assessment to determine dietary iron intakes in a sample of vegetarian women. Knowledge, attitude and practices relating to iron balance following this diet were also investigated to compare against participants analysed nutritional intakes. Following research into previous studies in this area, a clear gap was observed in relation to knowledge, attitude and practises relating to the vegetarian diet and subsequent iron intakes. The study was designed to enhance the understanding of dietary iron intakes of iron in female vegetarians and the influence which knowledge, attitude and practises have on these intakes. 
Food diaries and a questionnaire were chosen as the means to gather the quantitative and qualitative data required for the study. This resulted in a mixed methods approach which was of great benefit as it allowed for a more comprehensive study to be carried out. The mix of qualitative and quantitative data also allowed for the possibility of triangulation which is the use of more than one method to examine the same topic from different standpoints (Turner et al, 2017). This study has social value as its results could help to improve the health and well-being of vegetarians. The study’s results may also be of use to nutrition researchers and health promotion specialists. It will offer a contribution to research on the nutritional adequacy and iron balance in vegetarian diets and add to research as few studies exist including a knowledge, attitude and practise questionnaire and specific diets like vegetarianism.
 
3.2 Pilot Study 
A pilot study was carried out before all recruited participants began the study involving one participant who agreed to trial the procedures which were intended for use. The participant was also asked to provide some feedback on the functionality of the instructions provided in relation to the food diary and coherence of the questionnaire. Pilot studies play an important role in the research process of a proposed study. Their purpose is to examine the viability of a research approach intended for use on a larger scale. They evaluate the feasibility of the intended approach which can result in modifications to the intended study to ensure its success (Leon et al, 2011). The pilot study carried out was successful and so, suitable for use in the research study as the participant satisfactorily completed the five-day food diary based on the instructions provided and completed the questionnaire without any issues.

3.3 Participants 
Female participants (n=15) currently following vegetarian diets were recruited to take part in the research study. The group was a mixed purposive and convenience sample. A purposive sample refers to a deliberate choice of participants for inclusion based on their qualities, in this case, being a female following a vegetarian diet (Etikan et al, 2016). The group was also a convenience sample as they were easily accessible to the researcher. In total, ten of the participants involved were recruited from the University of Wales Trinity Saint David Carmarthen campus and five online through the use of social media. These areas of recruitment resulted in a sample of young women with an age range of 19 to 27 years. During the recruitment process, it was confirmed that all participants were literate and understood what their involvement in the study would consist of ensuring informed consent (Drummond and Murphy, 2017, p. 63). It has been purposed that at least 12 participants are necessary in a study of a homogeneous group to provide sufficient data for analysis. It has also been suggested that ‘saturation’ often occurs around 15 participants. Saturation refers to the point at which no new themes or information generally arise from the data and additional participants do not provide more significant insights (Latham, 2013; Guest et al, 2016). 

3.4 Instrumentation
Food Diaries
The quantitative data in this study was gathered using food diaries to carry out a dietary analysis. Written estimated food records to quantify food consumption was determined to be most appropriate based on the level of study and burden placed on participants. Participants were asked to record all food and beverages (excluding water) consumed over a five-day period, including a weekend day to obtain typical dietary intakes (Institute of Medicine, 2002). Specific details were requested to be recorded such as brand names, cooking method, time of day and whether food was homemade or ready-made as this results in a more accurate dietary analysis (Lean and Combet, 2017, p. 345). 
[bookmark: _Hlk34598921]Food diaries are widely used in research to collect data on dietary intakes. This method was most suited to the study due to the level of detail they provide so nutritional intakes could be accurately analysed (Fuller at al, 2017). In comparison, 24-hour recalls often do not represent an individual’s average nutritional intakes and Food Frequency Questionnaires run the risk of underreporting as they may not list all foods consumed by an individual (Gandy, 2014, p.62-63). Strengths related to using food diaries include that memory is not relied upon as intakes can be recorded at the time of consumption, its open-ended format is suited to all eating patterns and it provides a high level of detail on an individual’s diet (Food and Agriculture Organization of the United Nations, 2018, p.28-30). Nutritional intakes were calculated using a food composition database once participants had returned their completed food diaries to the researcher.
Questionnaires
[bookmark: _Hlk37488576]The qualitative data in this study was gathered using a knowledge, attitude and practises (KAP) questionnaire. Questionnaires provide a quick and efficient means of obtaining large amounts of information from a sample of  people. This was useful to the present study to gather the data required in the allocated time frame. There was no existing validated questionnaire specifically relating to iron levels in a vegetarian diet and so, one was developed for the purpose of the study. An extensive review of literature and research into previous research studies which used KAP questionnaires was carried out before a draft was made to be approved by the university. The main objectives of the study were also considered in the development of the questionnaire to investigate the influence knowledge, attitudes and practises can have on iron balance in a vegetarian diet. KAP questionnaires are commonly used in studies surrounding health-seeking behaviour and assume a linear association between the three variables. They can help to reveal misconceptions or a lack of understanding which may prevent positive behaviour change occurring relating to diet or health (Hausmann-Muela et al, 2003). 
The questionnaire which was developed for use (Appendix D) consisted of 3 sections as follows: 
1. Knowledge section: Participants level of knowledge relating to the forms of iron, haem and non-haem, the absorption of iron, its bioavailability and Reference Nutrient Intake were assessed in this section.
2. Attitudes section: A Likert Scale from strongly agree to strongly disagree was used to assess participants attitudes towards the nutritional adequacy of their diets, iron intakes and feelings towards following a vegetarian diet.
3. Practises section: Practises relating to iron and other vitamin and mineral supplement use were assessed as these intakes would not have been present in their dietary intakes recorded in the food diaries. 

3.5 Protocols 
Firstly, the study received ethical approval from the university based on an ethics form which was submitted before the data collection process began. There was a study information sheet (Appendix A) and participation consent form (Appendix B) provided to participants which clearly stated the studies aims and objectives, how details provided would be used and that identities would be kept anonymous throughout the study. It was also mentioned that participation was completely voluntary and it would be possible to withdraw from the study at any time if desired. These measures ensured that informed consent was obtained before the research study began. 
Participants were provided with comprehensive instructions on how to document their dietary intakes in a food diary instruction sheet (Appendices C) which was given to them along with food diary templates to complete. These instructions explained how intakes should be recorded by estimating portion sizes using household measures such as cup, spoon, handful, slice and standard units to simplify the process for participants (BDA, 2019). Providing this information was necessary to ensure food diaries were accurately recorded and avoid any confusion or conflict resulting in participant drop out from the study. To gain further information, the food diary templates provided to participants included sections where time, quantity, home cooked or ready meal and cooking method could be noted. There was clarification provided in the food diary instruction sheet explaining what detail to go into in these sections. These specific details were important when entering participants intakes into the food composition database used to improve its accuracy. Participants were also instructed to complete the KAP questionnaire after recording their five day food diaries to prevent intakes being influenced by any questions and affect results.  

3.6 Validity & Reliability 
According to Lincoln and Guba (1985) trustworthiness of a research study is important in evaluating its worth. They decided there are four areas of trustworthiness which should be considered in research; credibility (internal validity), transferability (external validity), dependability (reliability) and confirmability. Credibility refers to the accuracy of a study, degree to which conclusions are well founded and instruments used were suited to truly measure what is being investigated (Drummond and Murphy, 2017, p. 87-88). In addition to this, internal validity is the extent to which the independent variable of a study caused its outcomes rather than an unrelated variable. Threats to internal validity include methodological errors such as errors in measures or participant selection (Patino and Ferreira, 2018). 
[bookmark: _Hlk32939191]In this study, it was important to ensure participants were following a diet which excluded meat, fish and poultry for accurate results. Transferability refers to the generalisation of drawn conclusions and findings when applied to other people, situations and times. In relation to inclusion and exclusion criteria of this study, the population being studied, female vegetarians was clearly defined (Wong et al, 2012). Thorough descriptions of the study design were provided to ensure the process could be replicated if desired. 
Dependability is concerned with the reliability of instruments used and showing that findings are consistent and could be repeated. The developed questionnaire which was administered to all participants contained the same questions in an identical and easy to understand format and responses were recorded in a consistent manner. This ensured that variances which emerged in results came from differences in the views of participants, not inconsistencies in how questions were understood or interpreted (Boynton and Greenhalgh, 2004). However, when considering the results of the questionnaire used it is important to note that it was not previously validated.  
In relation to the completion of food diaries, identical instructions and templates were provided to all participants to ensure consistent results. The questionnaire, food diary instructions and templates all received approval from the studies supervisor before being given to participants for completion. In addition to this, the overall study design and conclusions were also examined by the supervisor which ensured confirmability. This refers to the degree of neutrality of a study and results being shaped by respondents and not researcher bias (Lincoln and Guba, 1985). 

[bookmark: _Hlk37492006]3.7 Data analysis 
The data gathered from the five-day food diaries which participants reordered were entered into the nutritional software programme, Nutritics for analysis (Nutritics, 2020). A report of average nutritional intakes for each participant was provided based on their dietary intakes over the five-day period. The relevant data for iron and vitamin B12 intakes were then organized and ran through version 24 of the Statistical Package for Social Sciences (SPSS, 2016). Analysis of this data was carried out using descriptive and inferential statistics with regard to the Reference Nutrient Intakes of iron and vitamin B12 to find means, standard deviations and frequencies. P<0.05 or P<0.01 were considered to be statistically significant in relation to this data. 
[bookmark: _Hlk35962795]The knowledge section of the questionnaire was scored by coding based on whether the participant answered questions correctly or incorrectly and this was relevant to questions 2, 3, 4, 5, and 6 (Appendix D). Questions 3 and 4 contained nine questions in total and were analysed together as they both assessed knowledge relating to haem and non-haem iron. A score of 0-3 correct answers was considered as a low level of knowledge relating to forms of iron in the diet, 4-6 as moderate and 7-9 as a high level of knowledge. A similar ranking system was followed in question 6 based on five questions assessing knowledge on iron absorption in the diet. A score of 0-1 was considered as a low level of knowledge relating to the absorption of iron, 2-3 as moderate and 4-5 as a high level of knowledge.
Excluded from the scoring process of a low to high level of knowledge were questions 2 and 5 which were noted according to the respondents correct or incorrect answer. Attitudes towards the nutritional adequacy of participants diets, iron intakes and the vegetarian diet were assessed using a Likert Scale in question 7 of the questionnaire. These questions were scored through coding the Likert-style scale using a 4 point scale. Strongly agree was coded for as “1” and strongly disagree as “4”. The number or code “1” corresponded as a positive perception and “4” as a negative perception to the statements in question 7. Questions 1, 8 and 9 of the questionnaire were not scored as they required responses individual to each participant on whether they have previously been diagnosed as anaemic and their dietary practices relating to supplement use. 




















Chapter 4

4.0 Results

4.1 Demographic characteristics. 
[bookmark: _Hlk37659361]A total of 10 participants were recruited from the University of Wales Trinity Saint David Carmarthen campus and 5 online through social media. This resulted in a sample size of 15 participants as they all responded with sufficient data for analysis. As required for the purpose of the study, all participants were female and currently following a vegetarian diet. Although not required, all participants were currently either full-time or part-time students and their ages ranged from 19 to 27 years.  

4.2 Assessment of nutritional intakes from food diaries.
The descriptive and inferential statistics in Table 1 present the analysed data from the five-day food diaries completed by participants (n=15). Based on their average nutritional intakes, a significant difference was found in relation to intakes of iron and the Reference Nutrient Intake (P<0.01). Participants average intakes of vitamin B12 were also included and a significant difference found when analysed against the relevant RNI (P<0.05).

Table 1. Descriptive and Inferential Statistics. Participants average iron and vitamin B12 intakes and RNI’s __________________________________________________________________________________
                                                                      Confidence           t (degree of       p-value     Significance 
                  Mean ± S.D           R.N.I             Intervals               of freedom)          
__________________________________________________________________________________
Iron           9.94 ± 2.36 mg      14.8 mg/d      8.6 - 11.24 mg      -7.983 mg        .000           (P<0.01)
                       __________________________________________________________________________________
Vitamin     
B12           2.18 ± 1.05µg        1.5 µg/d        1.59 - 2.76 µg       2.51 µg             .025          (P<0.05)
         
__________________________________________________________________________________
S.D: standard deviation, R.N.I: reference nutrient intake, mg/d: milligram per day and
µg/d: microgram per day. 
Figures 2 and 3 present the assessed average iron and vitamin B12 intakes of each participant in ascending order along with the mean average intake and relevant RNI’s. Overall, participant’s diets were deficient in iron as no intake level averaged the RNI of 14.8 mg. A one-way t-test calculation on participants iron intakes to the RNI was carried out. As presented in Table 1, the analysis was significant, t(14)= -7.983, p=.000.
73.7% (n=11) of participants vitamin B12 intakes averaged the RNI of 1.5 µg/d with most exceeding this amount (Figure 3). A one-way t-test calculation was carried out on the participants vitamin B12 intakes to the RNI and this analysis was also significant,            t(14)= 2.51, p=.025.


[bookmark: _Hlk37918223]Figure 2. Participants average iron intakes and mean average intake against RNI. 
                                  


Figure 3. Participants average vitamin B12 intakes and mean average intake against RNI.

4.3 Assessment of knowledge
[bookmark: _Hlk35959790][bookmark: _Hlk37430687]Table 4 describes the responses of participants (n=15) to questions assessing knowledge relating to haem and non-haem iron in the diet from questions 3 and 4 of the questionnaire (Appendix D). Knowledge was evaluated using questions contained in the table below which asked participants to note the form of iron most applicable an omnivorous, vegetarian and vegan diet and a range of different foods. 









Table 4. Percentage of participants who gave correct answers to knowledge items on iron in the diet. __________________________________________________________________________________
                                                                                                                                No. correct
Question                                                     Correct answer                                     answers (%) ___________________________________________________________________________
	What is the main source of iron in an
omnivorous diet?                                                         
	
Haem-iron
	                                                   12 (80%)

	What is the main form of iron in a vegetarian diet?
	
Non-haem iron
	
10 (66.7%)

	What is the main form of iron in a vegan diet?
	
Non-haem iron
	
                                 9 (60%)

	What form of iron is found in
spinach?                                                                      
	
Non-haem iron
	
                               12 (80%)

	What form of iron is found in eggs?
	Non-haem iron
	                                3 (20%)

	What form of iron is found in kidney beans?                                                           
	
Non-haem iron
	
                             11(73.3%)

	What form of iron is found in salmon?
	Haem-iron
	                               12 (80%)

	What form of iron is found in carrots?
	Non-haem iron
	                              5 (33.3%)

	What form of iron is found in chicken?
	Haem iron
	                            13 (86.7%)


__________________________________________________________________________________

Out of the 15 participants involved in the study, the highest percentage 46.7% (n=7) were within the high level of knowledge range of iron in the diet. A moderate level of knowledge was observed in 33.3% (n=5) and a low level in 20% (n=3).In addition to this, 8 of the 15 participants correctly identified the main source of iron in the three diets omnivorous, vegetarian and vegan mentioned. Poor knowledge was particularly apparent relating to the form of iron found in eggs as only 3 participants correctly answered non-haem iron. 
The questionnaire also asked respondents if they had ever been diagnosed with anaemia to which 3 individuals (20%) revealed that they had previously been diagnosed with this condition. Participants were also asked to identify the RNI of iron for women from an option of four intake levels or that they did not know. The correct intake, 14.8 mg, was answered by 46.7% (n=7), 40% (n=6) said they did not know the RNI and 13.3% (n=2) selected another incorrect intake level (Appendices 3). 
[bookmark: _Hlk37487378]Table 5 describes the responses of participants (n=15) to questions assessing iron absorption in the diet based on question 6 from the questionnaire (Appendices 3). Knowledge was evaluated using questions focusing on the effect of certain foods and drinks and the naturally occurring acids and nutrients they contain have on the absorption of iron in the diet.
Table 5. Percentage of participants who gave correct answers to knowledge items on iron absorption.
___________________________________________________________________________
                                                                                                                                  No. correct 
Question                                                              Correct answer                             answers (%)
___________________________________________________________________________
	What effect do foods high in ascorbic acid
(citrus fruit/leafy green vegetables) have on absorption?
	

 Aids absorption
	

                  10 (66.%)

	What effect do foods high in phytate (nuts/grains) have on absorption?   
	
 Inhibits absorption
	
                    2 (13.3%)

	What effect does calcium rich foods have in absorption? 
	
 Inhibits absorption
	                     
                   5 (33.3%)

	What effect does meat, fish and poultry have on absorption?
	
 Aids absorption
	
14 (93.3%)

	What effect does tea/coffee have on absorption?
	
 Inhibits absorption
	
14 (93.3%)


___________________________________________________________________________

There was no participant within the low level range of knowledge relating to the items presented in Table 3. The majority of participants, 73.3% (n=11) were considered to have a moderate level of knowledge and 26.7% (n=4) to have a high level of knowledge relating to the absorption of iron in the diet. As presented in Table 5, all but 1 participant correctly answered what effect meat, fish, poultry and tea/coffee have on iron absorption in the diet. Additionally, the questionnaire asked respondents to identify what they believed the term bioavailability of iron means from a selection of three statements. Approximately half of the participants involved, 46.7 (n=7) correctly identified this as ingested iron which can be absorbed by the intestine and used through normal metabolic pathways. 

4.4 Assessment of attitudes
The following table presents respondents attitudes towards the overall nutritional adequacy of their diets, iron intakes and the vegetarian diet. The scale includes four statements relating to these topics and respondents were asked to scale the degree to which they agreed or disagreed with each statement in relation to their diet. 


          Figure 6. Participants attitudes towards their dietary intakes the vegetarian diet.

In response to the statements assessing attitudes towards the items presented in Figure 4, a total of 93.3% (n=14) of participants agreed or strongly agreed that their current diet is nutritionally adequate. However, when specifically asked about their iron intakes only 53.3% (n=8) of respondents agreed or strongly agreed this intake was adequate and the remaining 46.7% (n=7) disagreed with the statement. Interestingly, out of the 15 participants involved in the study, 2 strongly agreed to feeling restricted at meal times following a vegetarian diet and a further 2 agreed with this statement. In addition to this, majority of respondents, 60.7% (n=10) either strongly disagreed or disagreed that everyone should follow a vegetarian diet.

4.5 Assessment of practises 
[bookmark: _Hlk37767644]Dietary practises relating to iron balance were assessed in questions 8 and 9 of the questionnaire. Respondents were asked if they use an iron supplement and it was found out of the 15 participants involved, 20% (n=3) regularly take such a supplement. Each of these participants were also found to be taking a multivitamin along with this. The final question asked participants if they regularly use any other vitamin or mineral supplements and 53.3% (n=8) reported using such a supplement.
[bookmark: _Hlk38047589][bookmark: _Hlk38298121][bookmark: _Hlk37767735][bookmark: _Hlk37767774]Further insights were provided as respondents were given the option to include details on the supplements they are taking. For example, it was revealed that 26.7% (n=4) take multivitamin supplements and another 26.7% (n=4) take vitamin and mineral supplement products specifically for women. These included ‘Wellwoman’, ‘Starpowa’, ‘VitaWorld’ and ‘Perfectil: skin, hair and nails’. Research into these supplements revealed that they all contained some iron apart from ‘Starpowa’. Finally, 26.7% (n=4) of respondents currently use no iron or vitamin and mineral supplements. 
























Chapter 5

5.0 Discussion

5.1 Assessment of nutritional intakes from food diaries
[bookmark: _Hlk38014364]This study sought to assess dietary iron intakes in a sample of vegetarian women and evaluate their knowledge, attitude and practises towards iron balance following this diet. Results of the study revealed that all participants average iron intakes were deficient and below the RNI of 14.8 mg/day based on their assessed five-day food diaries (P<0.01). 
The dietary analysis carried out provided an average intake level of all macro- and micronutrients consumed by each participant (Nutritics, 2020). Vitamin B12 intakes were examined along with iron as this vitamin can only be obtained from foods of animal origin. Following a vegetarian diet directly affects intakes and varies depending on the individual and if they consume sources such as cow’s milk, eggs and cheese (Marsh et al, 2012). Additionally, it is essential that an individual following a vegan diet has an alternative source of this vitamin in their diet (Lean and Combet, 2017, p.72-73).
 It was discovered that majority of participants, 73.3% (n=11) met the RNI of 1.5µg of vitamin B12 per day. In fact, most average intakes surpassed the RNI (P<0.05). However, it is important to consider that excess B vitamins in the diet are excreted from the body through the urine. For this reason, most B vitamins need to be replenished regularly making the findings on B12 intakes in this study encouraging (Mozumder et al, 2019). These results also commensurate with results from a study carried out in Switzerland by Schüpbach et al (2017) on micronutrient intakes and status in omnivores, vegetarians and vegans. It was concluded that deficiencies of vitamin B12 were low in all groups. Low vitamin B6 levels in the vegetarian group was most prevalent based on assessed plasma concentration of vitamin and minerals, 3-day food diaries and a questionnaire. Furthermore, it was stated that a well-balanced diet including fortified products and supplements has the potential to meet the vitamin and mineral needs in all three diets. However, Rizzo et al (2016) has expressed that despite use of fortified foods, vitamin B12 deficiency anaemia may not develop until 3-5 years later if intakes are insufficient due to a large amount of the vitamin being stored in the liver. This suggests higher doses than the amount currently used in the fortification of foods may be needed for long-term B12 deficiency prevention in vegetarians (Pawlack et al, 2014). 


5.2 Assessment of knowledge
[bookmark: _Hlk39517680]Although the participants in this studies dietary intakes were found to be deficient in iron regarding the RNI, results revealed a good level of knowledge relating to iron balance in a vegetarian diet. Respondents appeared well informed on haem and non-haem iron in the diet as majority, 80% (n=12) fell within the moderate or high knowledge range. In relation to the absorption of iron and factors which can affect this, all participants were within the moderate or high knowledge range. These findings on iron knowledge are comparable to similar studies using dietary KAP questionnaires and vegetarian participants. For example, a study by De May et al (2019) on nutrition knowledge of vegetarians, semi vegetarians and non-vegetarians found vegetarians to be most knowledgeable on items on their own diet type. Questions were included which directly related to animal versus plant sources. Additionally, Leonard et al (2014) found vegetarians and partial vegetarians had overall higher total knowledge scores from the General Nutrition Knowledge Questionnaire compared to non-vegetarians. It is possible this knowledge is the result of declarative nutrition knowledge which is an awareness of aspects and processes related to the diet (Worsley, 2002). In the case of vegetarianism, this is an awareness of the nutritional implications of the diet and concepts relating to micro- and macronutrients (Mariotti, p.37-38). The results from this section suggest there is declarative nutrition knowledge among participants as there was a good awareness of foods which provide iron and that absorption can be altered. Adequate knowledge and education is essential when following a vegetarian diet for the ability to maintain a diet which is healthy and balanced. This involves including pulses, legumes, nuts and green leafy vegetables as main protein and iron sources (Olfert and Wattick, 2018).
[bookmark: _Hlk37957850]Although knowledge levels were generally high, it is noteworthy that only three participants knew that non-haem iron is contained in eggs. It is possible that a vegetarian may avoid eggs, which are a good source of non-haem iron, if they believe they contain the same form of iron found in meat. As a result, a vegetarian may restrict their diet and consume less iron based on a lack of knowledge and understanding. Additionally, this is an example of how a KAP questionnaire can help to reveal misconceptions or lack of knowledge which may be preventing actions or behaviour change which could improve diet or health (Hausmann-Muela et al, 2003). 
Results from the knowledge section of the questionnaire also revealed that 46.7% (n=7) of participants correctly identified 14.8 mg as the RNI of iron for women in the UK. Individual average iron intakes from assessed food diaries and responses to this question were investigated and it was found that intakes were greater among those who knew the RNI compared to those who didn’t. The mean average intake of iron in the seven participants aware of the RNI was 10.4 mg and in those who were not aware, mean intake was 9.5 mg. On the contrary, a study by Leonard et al (2014) on the effect of nutrition knowledge on dietary iron intakes and status in a sample of young women, no differences were found in total knowledge of participants who were close to or met the RNI compared to those who didn’t. Future research into this specific area which could be conducted would be an investigation into why participants are aware of the RNI. Further details would determine if this knowledge was acquired unintentionally or as the result of actions and research aiming to improve health (Kuldas, 2013). Health-seeking behaviour is positioned in the broader concept of health behaviour and involves actions undertaken to maintain or improve health (Latunji and Akinyemi, 2018). In this instance, information may have been obtained with the purpose of preventing iron deficiency following a vegetarian diet through awareness of the recommended nutrient intake. 

5.3 Assessment of attitudes
[bookmark: _Hlk38216312]Results from the attitudes section of the questionnaire revealed that 8 of the 15 participants in the study believed the iron they consume through their diet is adequate. Upon further investigation into individual responses, it was found that only two of these participants use iron supplements which would increase the low iron intakes found in assessed food diaries. In response to overall nutritional adequacy, a total of 93.3% (n=14) agreed or strongly agreed their diets are healthy and balanced. These beliefs are in line with findings from previous studies on the vegetarian diet following a pattern of more varied and nutritious intakes. It has been reported that dietary habits of vegetarians more closely follow recommendations for healthy eating compared to other diets. Their diets are often lower in percentage of fat and cholesterol and contain higher amounts of fibre and antioxidants (Segasothy and Phillips, 1999; De May et al, 2019; Leitzmann, 2014). Additionally, a population-based study by Bedford and Barr (2005) examining dietary habits and lifestyle practises in vegetarians and non-vegetarians found higher levels of ‘health consciousness’ among vegetarian participants. This finding was based on higher intakes of fruit and vegetables and use of nutrient supplements. They were also found to be more likely to consider their health when choosing and avoiding foods based on nutrient and fat content.
[bookmark: _Hlk39502973]Interestingly, the participants in this study did present some negative attitudes towards the vegetarian diet. A total of 60.6% (n=10) either disagreed or strongly disagreed with the statement that everyone should follow a vegetarian diet. Phillips (2005), Bedford and Barr (2005) and Schüpbach et al (2017) have all proposed that carefully planned, balanced vegetarian diets can be nutritionally adequate and meet dietary recommendations. Perhaps these respondents are aware how carefully a vegetarian diet must be managed to be nutritionally adequate and for this reason, do not believe it is practical for everyone to follow. Based on this observation, it is possible that motives behind following a vegetarian diet are the result of health concerns for these participants. Rizzo et al (2016) proposed that when motives behind vegetarianism are ethical, it can result in a reduced interest and knowledge of the nutritional concerns relating to such a choice. 
Furthermore, while 73.3% (n= 11) of participants disagreed or strongly disagreed to feeling restricted at mealtimes following a vegetarian diet, two participants agreed to feeling restricted and another two strongly agreed with this statement. The opinions among these four participants were particularly notable and raised further questions as the information provided was limited. This represents a precision limitation which is common in qualitative research such as a questionnaire or survey. It is important to acknowledge this element when analysing qualitative data as there can be ambiguity which is inherent in human language (Atieno, 2009). Drummond and Murphy (2017, p.90-91) explained this limitation as random error or random variance which arises due to the normal variability in people. Future researchers could revise this area of the method used to gather data to provide further details in certain instances when participants are completing the questionnaire (Price and Murnan, 2004). It is unclear if these participants felt restricted when trying to prepare vegetarian meals for themselves following dietary recommendations, when eating out in a restaurant or in both circumstances. Additionally, this presents an area of possible future research examining dietary restrictions relating to vegetarianism which may arise following the diet and how individuals nutritional intakes could be impacted by these factors. 
Findings in this study on attitudes towards a vegetarian diet were mainly contradictory compared to results from similar studies. Previous studies which have investigated the attitudes of vegetarians towards their diet presented strong positive attitudes motivated by personal health, ethical and environmental concerns (Fox and Ward, 2008; Povey et al, 2001). Barr and Chapman (2002) examined perceptions and practises of current, former and non-vegetarians. Participants presented the most positive views towards their own current diet. In vegetarian participants, their positive attitudes were fuelled by perceived health attributes of the diet and concerns towards the quality of meat products. Some former and non-vegetarians in the study were also shown to share in the concerns of the quality of meat. Initial motivations for vegetarianism such as personal health and cruelty to animals appeared to result in stronger positive attitudes towards the diet in studies by Povey et al (2001) and Hoek et al (2004) . It should be considered that participants motives behind becoming vegetarian were not explored in the present study which may have resulted in more positive views among respondents towards the diet. 

5.4 Assessment of practises
Practises relating to iron balance in a vegetarian diet were assessed in this study by investigating supplement use within its participants. Dietary supplements can be used to help achieve iron balance in a vegetarian diet. Venderley and Campbell (2006) stated that concerns over iron status in a vegetarian diet are mainly based on the bioavailability of iron from plant sources rather than the total amount of iron present in the diet. Ascorbic acid or vitamin C is a powerful enhancer of non-haem iron absorption. Iron is better absorbed in the body in the ferrous state and vitamin C can produce this by reducing ferric iron and forming soluble complexes (Hallberg et al, 1989; Craig, 2011). 
[bookmark: _Hlk38007881]As previously mentioned, vitamin B12 intakes are directly affected by a vegetarian diet and dietary preferences relating to dairy products and eggs (Damayanti et al 2018). Supplements of these vitamins can be utilized to ensure intakes are adequate and promote iron balance. As vitamins B12 and C are water soluble, they are not stored by the body and excess intakes are rapidly excreted from the body through the urine (Department of Health, 2012, p.62). There are upper tolerable nutrient intake levels to represent the highest amount of daily nutrient intake unlikely to result in harmful effects to health in almost all of the general population (97-98%) (Gandy, 2014, p.43). For example, the RNI of vitamin C for males and females aged 19-50 years in the UK is 40 mg/day and a dose of 1000 mg/day is recommended as the safe upper limit (British Nutrition Foundation, 2016; Hutchinson et al, 2011). In a vegetarian diet, the consumption of phytate rich foods such as nuts, grains and legumes often increase with the elimination of meat as a source of iron. As a result, phytate which inhibits iron absorption is increasing as iron intake increases (Hunt, 2003; American Dietetic Association, 2003). Consuming vitamin C at the same time as these iron sources can help to reduce the inhibitory effects of phytate and improve the absorption of iron in the body (Coudray et al, 1997). 
Lentjes (2019) and Conner et al (2001) have stated that dietary supplement use is popular in the general population and that use has increased in the UK over recent decades. The results from the current study also presented this as it was found 73.3% (n=11) of respondents were currently using a form of nutritional supplement. This finding suggests there is health value among participants. Health value relates to the Health Belief Model which is used to understand and explain health-related behaviours (Champion and Skinner, 2008). Perceived susceptibility to a dietary deficiency and the adverse effects relating to this would be a motivating force behind a precautionary health behaviour such as taking nutritional supplements (Conner et al, 2001; Hausmann-Muela et al, 2003). As mentioned by Bedford and Barr (2005) and Forestall (2012), mindfulness of dietary and lifestyle habits is common among vegetarians and the diet is often turned to solely to derive certain health benefits. In addition to this, the UK Women’s Cohort study was formed to examine links between diet, related behaviours and chronic disease and included a dietary supplement user sub-study (Cade et al, 2017). It found that subjects identifying as vegetarian, vegan or consuming fish over meat were more likely to use supplements and follow healthier lifestyles with higher physical activity levels and greater fruit and vegetable consumption.
Results of the present study revealed that 20% (n=3) of particpants take an iron supplement regularly along with multivitamins which would promote iron balance. It was also found that 26.6% (n=4) use the following vitamin and mineral supplement products specifically for women; ‘Wellwoman’, ‘Starpowa’, ‘VitaWorld’ and ‘Perfectil: skin, hair and nails’. Further research into these supplements revealed that they all contained some iron apart from ‘Starpowa’. Based on these findings, it is possible that seven of the studies participants average iron intakes may be closer to or meet the RNI due to supplement use as all average iron intakes from food diaries were below the RNI. However, it should be considered that participants using supplement products for women may not be aware they contain iron or use them for this reason as they did not report using an iron supplement in their questionnaire responses. Moreover, only one of the three participants who had previously been diagnosed as anaemic noted that they are taking an iron supplement. According to Lopez et al (2016), iron supplementation should be used in two clinical settings; to prevent deficiency in at risk individuals such as menstruating adolescent girls, pregnant and women of childbearing age. The risk of deficiency is also heightened when following a restrictive diet such as vegetarianism or veganism. Secondly, iron supplementation should be used when treating an individual with a proven disease or condition such as iron deficiency anaemia. After treatment for anaemia and haemoglobin levels and red blood cells are normal, it is recommended to continue supplement use for three months to build up iron levels in the body (NHS, 2020). Finally, in 2010, The National Diet and Nutrition Survey of British Adults reported that twenty five percent of adults aged 19 to 64 years took some form of supplement in the 4-day food diaries included in the study. The most commonly used supplements among all age groups were multivitamins with or without minerals and cod liver oil. The present study did find that the only supplement being used in 26.7% (n=4) of its participants was a multivitamin supplement. 
Overall, findings from the current study indicated mainly high and moderate levels of knowledge on iron balance in a vegetarian diet among participants. Knowledge levels did not strongly reflect in dietary iron intakes which were all below the RNI (14.8 mg) and participants mean average intake was 9.9 mg. Results presented both positive and negative attitudes regarding dietary intakes and vegetarianism in participants. For example, 93.3% (n=14) agreed or strongly agreed their diet is healthy and nutritionally adequate however, 60.7% (n=10) either disagreed or strongly disagreed with the statement that everyone should follow a vegetarian diet. Furthermore, while nutritional supplements were taken by 73.3% (n=11) of participants, it was found only 20% (n=3) were purposefully taking an iron supplement.
 
5.5 Limitations of the study 
As with any research design, there were some limitations within this study to acknowledge. Firstly, the validity and reliability of the knowledge, attitude and practises questionnaire should be noted as it was developed by the researcher for use in the study. As a result, the questionnaire used had not been previously evaluated for validity and reliability.
The second limitation relates to self-reported data. Participants dietary intakes which were recorded in food diaries were self-reported and so, the validity of this data cannot be guaranteed. These limitations include difficulties accurately reporting intakes, participants falsely reporting intakes due to social desirability or altering their normal food behaviours to simplify the reporting process. The limitation of self-reported data also related to some elements of the questionnaire as respondents may have answered questions on their attitudes or practises based on social desirability. The limitation of voluntary participation should also be considered. Respondents involved in the study were likely to have some knowledge and interest towards the area of study as they agreed to participate. 
Finally, the sample used in this study being mainly convenience presents as a limitation. Ten of the fifteen participants involved in the study were from the University of Wales Trinity Saint David Carmarthen campus. A broader population sample may have provided different results from a more wide-ranging viewpoint of vegetarian women. Future researchers should consider these limitations to gain greater, significant findings if conducting a similar research study.












Chapter 6

6.0 Conclusion and Recommendations 

6.1 Conclusion 
The purpose of this study was to carry out a dietary analysis of vegetarian women using food diaries to determine dietary iron intakes. Participants knowledge, attitude and practises in relation to iron balance following a vegetarian diet were also investigated. Analysed dietary iron intakes from food diaries could then be compared against participants knowledge, attitude and practises to determine how these factors related to each other. 
The main findings from this study presented that all participants average dietary iron intakes from assessed food diaries were deficient in relation to the RNI (P<0.01). However, a good level of knowledge among participants on factors influencing iron balance in the diet were found in responses to the KAP questionnaire. As a result, hypothesis 3 was accepted as the mainly high and moderate levels of knowledge on iron balance among participants did not reflect in adequate iron intakes, attitudes or dietary practices relating to iron balance. There was both positive and negative attitudes presented and iron supplementation use was low. Additionally, vitamin B12 intakes which were also investigated due to the reduction of animal source foods in a vegetarian diet presented that the majority of participants met or exceeded this RNI (P<0.05).
[bookmark: _Hlk39518180]Overall, the levels of knowledge on iron balance presented did not translate in particpants average iron intakes or iron supplementation. Hence, further research is required to examine this complex relationship between knowledge, attitude and practises and dietary iron intakes in the vegetarian diet. 
 
6.2 Areas for future research
The current study provided insights into the dietary intakes and supplement use of iron in a sample of vegetarian women and their associated knowledge, attitude and practises relating to iron balance in this diet. These results can be used by healthcare professionals to better educate this population on meeting the RNI of iron following a vegetarian diet. They may also be of use to health promotion specialists to guide vegetarians in the application of their nutrition knowledge to achieve iron balance. Future research needs to be collected for a clearer understanding of the motives behind vegetarianism. This is important as motives appear to have an impact on both interest and knowledge relating to the nutritional aspects of becoming a vegetarian. As a result, additional information could be obtained which could aid healthcare professionals to better frame dietary advice and instructions based on motives behind following the diet. 
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Appendix A
Study information sheet
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	Participant Identification Number:
	

	
PARTICIPANT INFORMATION SHEET
	

	PROJECT TITLE: Dietary analysis of young vegetarian women and factors influencing iron balance using food diaries and knowledge, attitude and practise questionnaires.  




Dear Participant: 

My name is Jaclyn Donegan and I am studying in the School of Sport, Health and Outdoor Education.

[bookmark: _Hlk26214213]I would like to invite you to participate in my research project. This project will carry out a dietary analysis of vegetarian women using food diaries recorded over five days. It will also investigate knowledge, attitude and practises in relation to vegetarianism and iron balance using a questionnaire. It aims to compare the nutritional intakes analysed from the food diaries against the knowledge and practises , iron levels and effecting factors in particular. I believe your participation will be extremely helpful to me. 

*Attached to this letter is a short self-devised questionnaire which will assess knowledge, attitude and practises. Food diary templates are also attached to record dietary intakes and additional information. I believe your opinions will be extremely helpful to me. 

All food diaries and questionnaires will be kept strictly confidential to the researchers involved and at NO time will individual questionnaires be released to the general public. This gives you a chance to express your views and dietary intakes in a confidential and anonymous forum which is a huge contribution to the study. Your participation in this study is also completely voluntary so you can withdraw at any stage. 

[bookmark: _Hlk26213811]The recording of dietary intakes will last a period five days. The questionnaire should take about five minutes to complete, but there is no time constraint. There are also no right or wrong answers. 

Attached to this letter along with the questionnaire and food diary templates a consent form for participation in the study and an information sheet on how to record the food diaries. If any questions arise during your participation, feel free to contact me at your convenience. 

The results of the questionnaire and analysis carried out from the food diaries will hopefully enhance my understanding of the nutritional intakes of female vegetarians and the knowledge and practises behind these intakes, with particular concentration on iron levels and effecting factors. After careful and precise analysis of the data obtained from this questionnaire and food diaries, I will be happy to provide you with a copy of the findings at your request.

[bookmark: _Hlk26214030]Thank you in advance for your time and participation and contribution to my study. 
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Participation consent form
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	[bookmark: _Hlk26289297]
	
Participant Identification Number:
	

	
PARTICIPATION CONSENT FORM 
	


	PROJECT TITLE: Dietary analysis of young vegetarian women and factors influencing iron balance using food diaries and knowledge, attitude and practise questionnaires.  




Name of Researcher:	Jaclyn Donegan 								         	
            Please initial box

1.	I confirm that I have read and understand the information sheet provided for the above study. I have had the opportunity to consider the information, ask questions and have had these answered satisfactorily.


2.	I understand that my participation is voluntary and that I am free to withdraw at any time, without giving any reason.

3.  I understand that any information given by me may be used in future reports, articles or presentations by the researcher.

4.  I understand that my name will not appear in any reports, articles or presentations.


5.	I agree to take part in the above study.



________________________	________________               ____________________
Name of Participant	Date	Signature


Jaclyn Donegan                                  10/1/2020                               Jaclyn Donegan
_________________________	________________	____________________
Researcher	Date		Signature

You may decline to participate in this study. You may end your participation in this study at any time. If you decide to remain anonymous, maintaining your anonymity will be a priority and every practical precaution will be taken to disguise your identity. If you prefer anonymity, there will not be any identifying information on audiotapes or transcripts of this or any interview. No-one will hear any audiotapes or see any transcripts without your prior consent. All materials generated from this or any interview will remain confidential.

When completed, please return in the envelope provided (if applicable).  One copy will be given to the participant and the original to be kept in the file by the researcher at: University of Wales Trinity Saint David, Carmarthen


	TO CONTACT RESEARCHER
	1702810STUDENT.UWTSD.AC.UK



























Appendix C
Food diary instructions

	
	
Participant Identification Number:
	

	
FOOD DIARY INSTRUCTION SHEET
	


	PROJECT TITLE: Dietary analysis of young vegetarian women and factors influencing iron balance using food diaries and knowledge, attitude and practise questionnaires.  




The information you provide may be used in future articles, reports or presentations. If so, your identity will be kept anonymous.  
Please ensure Saturday and Sunday are included in the five days recorded. The other three days recorded before or after these days are up to you . However, try to pick days that are typical to your current eating patterns. 
Note all meals, snacks, and beverages (excluding water), in the table format templates included as relevant.  
Food and beverage recording instructions:
	Details
	· Note what was eaten as a meal or a snack here. For example, cereal or porridge, a vegetable stir fry, beans on toast, a packet of crisps.
· Include the brand used.
· Note the characterises of the food such as white or wholegrain, low or full fat/ semi skimmed. 
· If it was a diet or reduced sugar/fat product. 
· Whether it was fresh, canned or frozen.
· Include condiments such as ketchup, salad cream or mayonnaise.

	Time
	· Note the time of day the food was consumed. 
· This does not have to be an exact time but a good approximate time.
· Important to keep in mind so time can be checked at meal and snack times.

	Quantity/ amount
	· Please describe/ measure the amount of food eaten as best as possible.
· Count the number of food items where practical; 2 slices of bread, 3 carrots, 1 potato.
· Note if bread a large slice, a large or baby carrot/ potato etc. 
· A handful can be noted as a measure- useful for things like berries or dried foods.
· Note if you believe it is a small/ average/ large bowl of pasta or cereal/ serving of rice. (Handfuls can also be used if preferred).
· Tea or tablespoon measures can be used to describe butter or spreads used, sugar or seeds added, condiments or milk added to tea/ coffee.  
· A glass or pint of milk.
· If you happen to have exact measurements for anything consumed adding this would be very helpful. 

	Home-cooked/ready meal
	· If a ready meal or precooked packed meals is used, please note the name and brand. In this case, no measurements need to be provided as previously mentioned.
· If home cooked, mention ingredients used. For example, when noting a Bolognese include measures of onions, peppers, lentils, Quorn mince, tin of tomatoes etc.  


	Cooking method
	· Note the method of food cooked where relevant.
· This includes boiling, frying, steaming, baking, roasting and stewing. 











Appendix D
Knowledge, attitude and practises questionnaire

* All questionnaire responses are available on request.

	
	
Participant Identification Number:
	

	
	

	PROJECT TITLE: Dietary analysis of young vegetarian women and factors influencing iron balance using food diaries and knowledge, attitude and practise questionnaires.  




Knowledge, attitude and practise questionnaire.
If for any reason you do not want to answer a specific question, feel free to leave blank.
Knowledge:
1. [bookmark: _Hlk24387630][bookmark: _Hlk24387874]Have you ever been diagnosed with anaemia?  
Yes ☐  No  ☐
2. [bookmark: _Hlk24912993]Please indicate what you believe is the Recommended Nutrient Intake of iron for women:

8.7 [bookmark: _Hlk24387733]mg ☐   10 mg ☐   14.8 mg ☐   6.5 mg ☐   Don’t know ☐  

3. Indicate what forms of iron you believe apply to the following diets:
	
	Haem iron
	Non-haem iron
	Don’t know

	Omnivore
	☐	☐	☐
	Vegetarian
	☐	☐	☐
	Vegan
	☐	☐	☐


4. Indicate what form of iron you believe the following foods contain:
	
	Haem iron
	Non-haem iron
	No iron

	Spinach
	☐	☐	☐
	Eggs
	☐	☐	☐
	Banana
	☐	☐	☐
	Kidney Beans
	☐	☐	☐
	Salmon
	☐	☐	☐
	Carrots
	☐	☐	☐
	Chicken  
	☐	☐	☐
	Baked beans
	☐	☐	☐


5. Out of the following, indicate what you believe the term ‘iron bioavailability’ means?
Iron provided to the body through supplements and used through normal metabolic pathways.  ☐
Ingested haem iron that can be absorbed by the intestine and stored to prevent iron deficiencies. ☐
Ingested iron that can be absorbed by the intestine and used through normal metabolic pathways. ☐

6. Please indicate what affect you believe the following items have on iron absorption. 
	
	Aids absorption
	Inhibits absorption

	Foods high in ascorbic acid
(citrus fruits/ leafy veg)
	☐

	☐
	Calcium rich foods
	☐	☐
	High phytate foods
(nuts/ grains )
	☐	☐
	Meat, fish and poultry
	☐	☐
	Tea/coffee
	☐	☐


Attitudes:
Indicate to what degree do you agree or disagree with the following statements.
	[bookmark: _Hlk24194761]I believe my diet is healthy and nutritionally adequate

	

Strongly 
Agree ☐
	

Agree ☐
	

Disagree ☐
	

Strongly Disagree ☐

	The iron I consume through my diet is adequate  

	

Strongly 
Agree ☐
	

Agree ☐
	

Disagree ☐
	

Strongly 
Disagree ☐

	I have felt restricted at mealtimes following a vegetarian diet   
	
Strongly
Agree ☐
	
Agree ☐
	
Disagree ☐
	
Strongly 
Disagree ☐

	Everyone should follow a vegetarian diet    

	
Strongly
Agree ☐
	
Agree ☐
	
Disagree ☐
	
Strongly
Disagree ☐



Practises:
Do you take any supplements containing iron?  Yes ☐  No  ☐
· If yes, provide details on this supplement/ the amount of iron it provides.

_________________________________________________________________________

Do you take any vitamin or mineral supplements?  Yes ☐  No  ☐
· If yes, provide details on the type of supplements taken below.

______________________________________________________________________






Appendix E
SPSS output tables for statistical analysis in Chapter 4:4.0

* All food diaries are available on request.

	One-Sample Statistics

	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	iron
	15
	9.9400
	2.35790
	.60881




	One-Sample Test

	
	Test Value = 0

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	iron
	16.327
	14
	.000
	9.94000
	8.6342
	11.2458



With 14.8: 

	One-Sample Statistics

	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	iron
	15
	9.9400
	2.35790
	.60881





	One-Sample Test

	
	Test Value = 14.8

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	iron
	-7.983
	14
	.000
	-4.86000
	-6.1658
	-3.5542












	One-Sample Statistics

	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	B12
	15
	2.1833
	1.05351
	.27201




	One-Sample Test

	
	Test Value = 0

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	B12
	8.027
	14
	.000
	2.18333
	1.5999
	2.7667



With 1.5 value:

	One-Sample Statistics

	
	N
	Mean
	Std. Deviation
	Std. Error Mean

	B12
	15
	2.1833
	1.05351
	.27201




	One-Sample Test

	
	Test Value = 1.5

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	B12
	2.512
	14
	.025
	.68333
	.0999
	1.2667














Average iron intakes and mean against RNI

iron intakes	
6	7	7.5	8	8.6	8.6999999999999993	9.1	9.9	10.5	10.5	10.5	11.2	11.7	12.7	13	14.1	14.8	mg



average Vitamin B12 intakes and mean against RNI

Vitamin B12 intakes	
0.75	1.2	1.2	1.4	1.5	1.5	1.7	1.7	2	2.1	2.2000000000000002	2.4	2.4	2.6	3.4	4	4.4000000000000004	ug



Attitudes Likert scale

Strongly agree	
I believe my diet is healthy and nutritionally adequate	The iron I consume through my diet is adeqate	I have felt restricted at mealtimes following a vegetarian diet	Everyone should follow a vegetarian diet	13.3	13.3	13.3	0	Agree	
I believe my diet is healthy and nutritionally adequate	The iron I consume through my diet is adeqate	I have felt restricted at mealtimes following a vegetarian diet	Everyone should follow a vegetarian diet	80	40	13.3	33.299999999999997	Disagree	
I believe my diet is healthy and nutritionally adequate	The iron I consume through my diet is adeqate	I have felt restricted at mealtimes following a vegetarian diet	Everyone should follow a vegetarian diet	6.7	46.7	60	46.7	Strongly disagree	
I believe my diet is healthy and nutritionally adequate	The iron I consume through my diet is adeqate	I have felt restricted at mealtimes following a vegetarian diet	Everyone should follow a vegetarian diet	0	0	13.3	20	
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