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FOREWORD 

This research was completed as 

part of the Doctoral Training 

Programme (DTP), funded by the 

Bioscience Biotechnology and 

Research Council (BBSRC) under 

the supervision of Dr Lisa 

Coneyworth, Dr Susan Azam-Ali 

and Dr Simon Welham. The 

original research presented in this 

thesis was completed during the 

COVID-19 pandemic 2020-2022 as 

such some of the research was 

completed at a time when the UK 

was in “Lockdown” and restriction 

were in place for meeting people. 

Prior to COVID-19, the research 

was focused on the ethnic diversity 

and iodine intake of Orang Asli 

population groups in Peninsular 

Malaysia. This research took place 

between April 2019 and March 

2020. The research was stopped 

mid fieldwork in March 2020 when 

it became apparent the severity of 

COVID-19 and access to the Orang 

Asli population was rescinded by 

JAKOA (Department for Orang 

Asli). I returned to the UK on March 

17th a day before movement 

restriction was introduced in 

Malaysia and 6 days before the first 

UK lockdown.  Samples collected 

as part of this research (urine, food 

and salt samples) were unable to 

be shipped to the UK due to 

restrictions in Malaysia halting 

access to university facilities. To 

mitigate the impact of COVID-19 on 

the research it was evident of the 

need to alter the original research 

and focus on population groups in 

the UK.  The research focus was 

changed to investigate 

micronutrient status, diet quality 

and food security status amongst 

different population groups in the 

UK as it was evident there was 

growing food insecurity in the UK 

and this was worsened by the 

COVID-19 pandemic, however, the 

evidence for nutritional security 

was lacking.   

The original research in this thesis 

is written in the style accepted for, 

submitted for, or suitable for 

publication. Therefore, results 

chapters are presented in the style 

of a manuscript each containing 

their own introduction, methods, 

results and discussion. Where 

applicable, measures used in the 

collection of data have been 

included as an appendix and the 

published papers.  
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ABSTRACT. 

Food insecurity in the UK is amongst the worse in Europe and was 

increasing before the COVID-19 pandemic and continues to increase as the 

UK is in the midst of a “Cost of Living Crisis”. Research has shown those at 

risk of food insecurity are more likely to be from low-income households, to 

be female, have children, have disability or are from ethnic and racial 

minorities. However, the monitoring of food security in the UK is in its relative 

infancy, it was not until 2019 that the USDA 10 question adult food security 

module was introduced into the Family Resource Survey, the first time all 

four nations of the UK food security was measured in private households.  

The research in this thesis is primarily concerned with the prevalence and 

severity of food insecurity amongst different population groups in the UK at 

time when there was disruption to individual’s lives because of the COVID-

19 pandemic and their ability to access food. Food access in terms of this 

research is defined as having the financial resources to purchase food. 

Furthermore, this research expands on the experience of food insecurity to 

understand the nutritional security of females in the UK and if there are 

differences in diet, diet quality and micronutrient intakes between income 

groups.   

Whist understanding who is at the risk of food insecurity is of importance so 

too is nutritional security, research is needed to understand the contribution 

of different foods to energy and nutrient intakes amongst food insecure 

households and not just the quantity of food consumed. Diet is a factor in 

development of preventable diseases, and it is known a social gradient in 

diet and health exists. Food related ill health is costly to the individual and 
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to society. The increasing prevalence of food insecurity in the UK is a public 

health concern, and diet and health inequalities are likely to widen 

disproportionately impacting those more likely to experience food insecurity 

and females in particular as they have higher physical requirement for some 

vitamins and minerals compared to males and when entering the child 

bearing years with inadequate levels of some minerals, this can negatively 

impact the growth and development of future generations1.   

As such, this researched focused on the nutritional security of adolescent 

girls and adult women because 1) the experience of food insecurity is 

associated with high rates of poverty, previous research indicates females 

are disproportionately represented in low income groups compared to men 

(Maynard et al., 2018). 2) Adolescent females have a higher requirement 

for iron compared to males from the age of 11 years onwards. Iron 

requirements are increased to support growth and development at this life 

stage in both males and females however there is a need to compensate 

for the loss of iron due to menstruation in females. Zinc requirements are 

higher for 11–14-year females compared to 15-18 years to support 

 
1 During pregnancy there is increased requirement for iron, particularly in the third trimester, to 

support the females’ own requirements, plus those of the developing foetus. Anaemia with or without 

iron deficiency (IDA,) for the mother, is associated with decreased mental and working capacity 

(Resseguier et al., 2022) and is a factor in spontaneous abortion or low birthweight of the neonatal. 

For the child born to mothers with IDA there is evidence of association with autism (Resseguier et 

al., 2022). Insufficient iodine intake can impair cognition of adults, whilst deficiency during pregnancy 

is the leading cause of preventable brain damage.  Additionally, women up to the age of 50 years 

have a higher requirement for iron because of menses.  
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increased physiological requirements at this life stage 3) Previous studies 

show adult women have lower intakes but higher requirement for some 

micronutrients compared to males (e.g., iron). A previous study showed 

riboflavin, iron and iodine intakes amongst females to be lower compared 

to males (Derbyshire, 2018).  

The two published manuscripts and the manuscript in preparation for 

submission provide a unique contribution to the knowledge of food security 

and nutritional insecurity in the UK amongst different population groups.  

Whilst adolescent females are represented within national surveys, analysis 

of equivalised household income influence on diet and nutrient intakes are 

not fully explored. Adolescents is a time when there is greater autonomy in 

food choice and whilst this may explain some of the differences in diet and 

nutrient intake, food choice is also influenced by caregivers/ parental choice, 

which is in, part is influenced by the income available to spend on food. 

Manuscript 2 took place at a time when the UK and indeed the world were 

amid the COVID-19 pandemic, and as such, research into food and 

nutritional insecurity in the UK at this time was a burgeoning area. The study 

set out to understand the impact of the Covid-19 Pandemic on food and 

nutritional security across the income spectrum and if those with a lower 

equivalised household income were disproportionally impacted at a time 

when UK food retailers were unable to keep pace with consumer demand 

and movement restrictions were enforced.  

Study 3 expanded on paper two seeking to understand the Food and 

Nutritional security amongst those with an income from Universal Credit and 

the influence and subsequent removal of the £20 a week uprating to 
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Universal credit has on foodbank usage and food purchase. The novelty of 

the study was in its targeting to population groups across England, Scotland 

and Wales with an income from Universal Credit. Historically households 

with income from benefits in National Surveys are not fully representative 

and as such, sub-analysis of the data is not always possible due to the small 

sample sizes. Combined, the three cross sectional studies in this thesis find 

adolescent girls and adult women in the UK have a poorer diet quality, 

micronutrient intakes, which are low, compared to the RNI and a high 

percentage with dietary micronutrient intakes below the LRNI. The diets of 

lower income adolescents and adult women do not meet the criteria for food 

and nutritional security, as they do not have diet with sufficient quantity of 

nutritious foods. In general, the studies found a gradient in micronutrient 

intakes and diet quality when categorised by equivalised household income. 

This work has highlighted the nutritional security of low income and food 

insecure female adolescents and adults to be poor when compared to their 

higher income and food secure counterparts. Highlighting the need for 

targeted interventions to address both food and nutrition insecurity in the 

UK.  
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 CHAPTER 1. INTRODUCTION 

The aim of this chapter is to explore the definitions and concepts of food 

security, food insecurity and nutrition security, how, what, why they are 

measured, and how they are interlinked. Section 1.1 discusses the concepts 

of food security and refers to the relationship with income and poverty. 

There is also discussion on how measures of food insecurity differ to that of 

S.E.S and IMD as method for identifying who is at risk of diet and health 

inequalities in the UK. In section 1.3, nutrition insecurity is discussed and 

why it is important to consider alongside measures of food insecurity. Whilst 

section 1.6 is concerned with the prevalence of household food security in 

the UK.  

Assessment of micronutrient intakes with a focus on Dietary Reference 

Values in the estimation of population group’s micronutrient intakes are 

discussed in section 1.8, whilst biological markers for some micronutrients 

are covered in section 1.9 The physiological role and function of 

micronutrients as well as health outcomes associated with deficiency are 

discussed in section 1.10. Food security: Definitions and concepts. 

The concept of food security has evolved since it was first defined by the 

World Food Conference in 1974, when at that time, the focus of food 

security was on ensuring an adequate and affordable food supply, both 

internationally and nationally (FAO, 2006).  

Early definitions of food security were concerned with availability domain of 

food security and ensuring there were enough basic supplies of food stuffs, 

that if there were a widespread crop failure, acute food shortages could be 
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avoided. The principal strategy to mitigate food shortages was to increase 

food production. The ‘Green Revolution’ as it was termed focused on 

technological advancements for increasing crop yields (Clapp et al., 2022). 

And the focus of the research at this time was on domestic and global food 

production,  the role of natural disasters and price spikes on food security 

(Webb et al., 2006).  

There was a shift in focus to the access domain of food security after 

Amartya Sen seminal work Poverty and Famines (1981). Which explored 

the concepts of entitlements to food, that while there may a sufficient 

quantity of food households are unable to access that foods if they do not 

have the means to do so (Webb et al., 2006). 

Since then, there have been several iterations, the now widely accepted 

definition by the World Food Summit developed in 1996 which defines food 

security as:   

“Food security exists when all people, at all times, have physical and 

economic access to sufficient, safe and nutritious food that meets their 

dietary needs and food preferences for an active and healthy life” (FAO, 

2006). 

The above definition applies to individuals, household, regional, national 

and global levels (Jones et al., 2013) and is concerned with macro and 

micronutrient components of the diet. The United States Department of 

Agriculture (USDA) in addition, stipulate for a household to be food secure, 

they require at a minimum, the ability to acquire foods in socially acceptable 

ways, defining socially acceptable ways as, without resorting to emergency 

food supplies, stealing or other coping strategies (USDA, 2022a). 
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The FAO, food security definition encompasses the four domains for 

ensuring food security. These are “food availability” concerned with food 

supplies, “access to adequate food” concerned with physical and economic 

access, “utilisation of food” concerned with food safety, knowledge of food 

preparation and cooking as well as health status, whilst “stability” is 

concerned with the stability across each of the domains (Charlton, 2016). If 

any one of the domains becomes unstable, due to instability of any of its 

determinate factors (Table 1.1) then food insecurity can ensue. 

However, the concepts of food security continue to evolve and the High-

Level Panel of Experts on Food Security and Nutrition Committee on World 

Food Security in recent years have highlighted the dimension of agency, 

and sustainability as necessary for food security. Agency refers to the ability 

of individuals to make their own choices regarding food whilst sustainability 

refers to the long term ability of the food systems to ensure food security 

without comprising food security for future generations (European 

Commission, 2023; HLPE, 2020). 
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Table 1-1. The domains of food security and their determinate factors. 

Adapted from (Charlton, 2016) and (FAO, 2006). 

Research in high income countries is predominately focused to the food 

access domain and the availability of economic resources for the 

procurement of food. Within the FAO definition it is not enough to have a 

sufficient quantity of food, the food also has to be good quality and not cause 

harm, that is the food is not rotten, is produced in sanitary conditions and 

not past its use by date to be food secure, it also has to be nutritious, whilst 

there may be sufficient calories the food need to provide the wide range of 

nutrients the human body requires for health and wellbeing  (Schroeder and 

Smaldone, 2015). This differs to the measure of food insecurity in low-

income countries where physical access and or availability to foods may 

comprised due to natural disasters- drought, famines or utilisation of the 

food by the body is impaired due to  

1.1.1 The concept of the food security continuum. 

The identification of a continuum in food insecurity was derived from 

research of low-income households’ experience of hunger in the United 

Domain Determinate factors  

S
ta

b
ili

ty
 

Food availability  Domestic productions 

Imports 

Food stocks 

Food aid 

Food access Income and purchasing power (affordability) 

Transport (Public and personal) 

Types and quantity of shops available  

Utilisation  Food safety  

Diet quality and diversity  

Health status (i.e., ability to absorb nutrients)  

Food literacy (Knowledge of food preparation, cooking, safety, 

nutrition, costs)  
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States, the complexity of food insecurity and differences in the way 

individual experience food insecurity within households (Loopstra, 2018). 

The experience of food insecurity has been shown to have four common 

core dimensions, these are as follows:  1) psychological, whereby a person 

experiences anxiety and worry about the ability to procure enough food, 2) 

qualitative, whereby a person adapts the diet by reducing quality and variety 

of the food in the diet. 3) quantitative, whereby the quantity of food is 

reduced, household stocks are depleted, and meals are skipped or there 

are whole days where a person does not eat at all. 4) The social aspect of 

food insecurity whereby changes are made in the method of procuring food, 

e.g., the need to acquire from a Foodbank or other charitable organisations. 

An inability to participate in social activities connected to food- e.g., going 

out for a meal or have family or friend round for dinner (Loopstra, 2018).  

The food security continuum evolved out of the above descriptions and 

captures the increasing in severity of food insecurity from “high” or fully food 

secure to “very low food security” (Figure 1.2). There are four domains along 

the continuum and each of the domains are characterised by a distinct set 

of characteristics which may influence the diet and nutrient of those who 

experience any form of food insecurity (Figure 1.2). As the severity of food 

insecurity increases the quality of foods in the diet is comprised and at the 

extreme when there is ‘very low food security’ a reduction in the quantity of 

foods consumed which can mean skipping meals or going one or more days 

without eating. Ultimately the experience of food insecurity impacts on food 

patterns, diet quality and nutritional composition of individuals’ diet. The 

experience of food insecurity is similar across cultures (FAO, 2023a) in that 
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there is anxiety or worry about having enough food to adapting the diet to 

mitigate not having enough food. This is discussed in further detail in section 

1.2 food insecurity. Whilst food and nutrition security maybe thought of as 

one of the two same things, they are quite different but equally important for 

understanding food access and the quality of the foods accessed. Quality 

in this incidence is referring to the nutrient composition of the foods and if 

foods are optimal for health, that is, are they rich in nutrients to be 

encouraged in the diet such as vitamins and minerals but low in nutrients to 

be eaten less frequently and known to be detrimental to health when 

consumed in excess of requirements such as saturated fat, energy, sugar 

and salt.  

 

 

 

  

 

 

 

The measurement of food security in the UK is relatively recent (discussed 

in section 1.6) however, there is a long history of research investigating the 

relationship between diet and diet related health inequalities 2 and an 

individual’s socioeconomic status. An individual’s socio-economic status in 

 
2 Inequalities in diet contribute to overall inequalities in health (UK Parliament, 2022) .  

Figure 1-1. Continuum of food security scale and concepts. Adapted from the USDA  

Food secure Food Insecure 

High food 
security 

Marginal 
food security 

Low food 
security 

Very low 
food security 

No concerns Anxiety/worry but 
little adaption of 

diet 

Reduced diet 
quality but not food 

intake 

Reduced 
food intake 

Characteristics 
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the UK is defined by the type of work an individual does or did do if retired 

(GOV.UK, 2018). However, research investigating the relationship between 

S.E.S and diet and diet related health inequalities uses level of income, level 

of education or occupational status as an indicator of S.E.S. Although 

educational level will be a factor in type of work an individual can do and 

type of work will be a factor in the level of income that can be earned, they 

cannot be used interchangeably for measuring diet and diet related health 

inequalities as depending on the indicator used, it will determine the extent 

of the severity of the diet and diet related health inequalities observed 

(Darin-Mattsson et al., 2017). But as a general rule as socio-economic 

status increases so too does the quality of the diet, life expectancy and 

years lived without ill health (Stringhini et al., 2017).  

However, the use of socio-economic status may not be able to capture who 

is at risk of food insecurity because of the complex nature of the drivers of 

food insecurity and the complexity of individuals. Thus broadly grouping 

people based on income, education or occupational status means there is 

a risk of over or under estimating the prevalence of food insecurity within 

S.E.S groups as there will be exceptions, not all in lower S.E.S will 

experience food insecurity due to monetary constraint, have a poor quality 

diet, develop diet related diseases and live with extended years in ill health 

or die earlier and vice a versa with higher S.E.S groups.  
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The English Indices of Deprivation of which there are 7 domains 3 are used 

to rank Lower Super Output Areas (LSOA), these are small geographical 

areas of approx. 1500 residents of which there are 32,844 in the UK from 

most deprived to least deprived. When combined these domains form the 

Indices of Multiple Deprivation (IMD). Research into the relationship 

between diet and diet related health inequalities have shown children aged 

11 years in the most deprived areas to have a greater prevalence of 

overweight and obesity compared to least deprived areas (Noonan, 2020). 

In Scotland adults in the most deprived areas  purchased less fresh fruit and 

vegetables compared to least deprived and the amount spent on food 

increased as deprivation decreased (Whybrow et al., 2018). Research in 

deprivation and health has meant considerable resources have been 

allocated to areas to tackle deprivation and address inequalities (Lloyd et 

al., 2023) .  However the use of IMD for the prediction of food insecurity may 

not capture fully all who experience food insecurity due to monetary 

constraint and as is the case for S.E.S, it is the same for IMD being in a 

most deprived areas does not mean an individual will experience food 

insecurity and being in a least areas does not mean they won’t experience 

food insecurity and vice a versa. Population groups within geographical 

 
3 The seven domains of the English indices of deprivation and their contribution (in 

brackets) when combined to form the Indies of Multiple Deprivation are as follows:  Income 

(22.5%) measure the proportion of the population experiencing deprivation relating to low 

income. Employment (22.5%) measure the percentage of the working age population not 

in the labour market. Education (13.5 %) measure lack of attainment or skills. Health 

(13.5%) measure risk of premature death or years lost to ill health. Crime (9.3%) measure 

the risk of being a victim of crime. Barriers to housing and services (9.3%) measures the 

physical and finical accessibility to housing and local services. Living environment (93% 

measure quality of indoor and outdoor local life (GOV.UK, 2019). 
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areas are not homogeneous and household food security status differs 

depending on circumstances. Thus, there is a need to measure food 

security at the geographical level to fully understand the prevalence and 

severity of food insecurity within the UK and who is at risk of food insecurity 

and how this impacts diet and diet quality.  

Food insecurity.  

1.1.2 Definitions and concepts. 

The definition of food insecurity is “the uncertainty and insufficiency of food 

availability and access that are limited by resource constraints, and the 

worry or anxiety and hunger that may result from it” (FAO, 2008). The term 

‘Food Poverty’ may be used interchangeable with ‘Food insecurity’ however 

there is no widely accepted definition of ‘Food Poverty’ (Francis-Devine et 

al., 2022).  

Food insecurity is a multidimensional problem (Righettini and Bordin, 2022) 

with multiple causes. However, In the UK and other high income countries 

low income is a major contributor to the experience of food insecurity. Low-

income households with children and individuals living with a disability, are 

disproportionately impacted by the experience of food insecurity  (Loopstra 

et al., 2019), as are  racial and ethnic monitories groups and households in 

receipt of benefits (Maynard et al., 2018). 

The experience of food insecurity can be chronic or transitionary and, in 

some instances, seasonal. In high-income countries, it is possible for people 

to experience chronic or transitory food insecurity due to a lack of monetary 

resources however, the severity of food insecurity experienced is variable 
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and not all will experience the acute discomfort of hunger due to a lack of 

energy. Nevertheless, the characteristics of food insecurity at marginal and 

low food security can contribute to various forms of malnutrition having 

adverse repercussion for health and wellbeing (“Hunger,” 2021). 

1.2 Nutrition Security.  

1.2.1 Definitions and concepts. 

Food security is a prerequisite for nutrition security (Ghattas, 2014) but 

being food secure is not enough to ensure nutrition security (Charlton, 2016; 

Jones et al., 2013) (Figure 1.1). The FAO in its 2012 report “The state of 

food insecurity in the world” defined nutrition security as  

“A situation that exists when secure access to an appropriately nutritious 

diet is coupled with a sanitary environment, adequate health services and 

care, in order to ensure a healthy and active life for all household members” 

(FAO et al., 2012). 

That is, there may be enough energy (kcal), but the food consumed is of 

poor quality in terms of food safety (unsafe to eat) or an individual’s health 

status does not facilitate the absorption of nutrients, or the food consumed 

does not provide the array of nutrients required for health. Nutrition security 

is concerned only with an individual’s (mal) nutritional status as a result of 

foods included in the diet and their health status (Righettini and Bordin, 

2022), whilst food security is concerned with nutrition, it is also concerned 

with the availability, access, utilisation and stability of food systems and 

resources.     
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Diets which are energy dense but nutrient poor can result in “Hidden 

Hunger”, a term used to describe the deficiency of micronutrients (Lowe, 

2021), so called because the effects of micronutrient deficiencies are not 

always discernible. However, the consequences to health are serious (Das 

and Padhani, 2022). Micronutrients refer to vitamins and minerals that are 

required by the body in small amounts. Deficiency and suboptimal intake 

can impair growth, development and cognition in children and adults. Health 

impacts of micronutrient deficiency are discussed in section 1.12 

“Micronutrient deficiency and sub-optimal intakes on heath.”  

There is also the paradoxical phenomenon of overweight and obesity 

associated with food insecurity (Benjamin Neelon et al., 2017; Carvajal-

Aldaz et al., 2022; Dhurandhar, 2016; Gooding et al., 2012; Keenan et al., 

2021). While it is suggested that low cost, energy dense, nutrient poor diets 

are factor in the overweight and obesity, the mechanism by which food 

insecurity leads to overweight and obesity is unclear  (Brown et al., 2019). 

1.3 Measures of household food security. 

In the UK, food security is measured as part of the Family Resource Survey 

and the Food and You Survey using the 10 questions in the adult food 

security survey module (appendix A). The 10 questions of the survey assess 

a household ‘Access’ based on economic resource available for the 

purchase of foods (Table 1.1). As the questions progress the severity of 

food insecurity increases and in a worst-case scenario a person my skip 

meals or go whole days without eating.  



INTRODUCTION. 

 

13 
 

There are several other tools available to measure food insecurity (Table 

1.2) including U.S Household Food Security Module, an 18-item survey that 

includes questions designed to capture food security amongst children as 

well as adults for households with children. 

Depending on the tool used and the methods for classifying food insecurity 

gives different values for prevalence of food insecurity. For example, the 

USDA 10 question adult food survey module combines the last two domains 

(low food secure and very low food secure) as food insecure. Whilst the 

HFIAS doesn’t make a recommendation for the domains to be included the 

overall classification of food insecurity as such marginal food insecurity may 

be incorporated into the overall prevalence. The food insecurity experience 

scale (FIES) is an eight-item questionnaire that uses the raw score as a 

sliding scale to determine the severity of food insecurity, the higher the 

score, the increasing severity of food insecurity experienced. If using FIES 

to compare the prevalence of food security internationally, respondents are 

first assigned to the standard domains of the food security continuum. A 

positive answer to question “ate less”, is assigned to the domain 

moderate/low food insecurity whilst a positive answer to the question “went 

whole day without eating” is assigned to the domain severe/ very low food 

insecurity. The USDA stratifies the raw score of the survey results to 

determine the domain of food insecurity experienced. As such an individual 

can have very low food insecurity even if they have not gone a whole day 

without eating. Therefore, if comparing the prevalence of food insecurity 

between and within population groups’ survey type should be considered as 

results are likely to differ.  
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Furthermore, the time frame of either the previous 30-days or the previous 

12 elicit different results due to the nature of food insecurity often being 

transient meaning a household who experience food insecurity one month 

but not the following may not register as food insecure if the 30-day time is 

used. It is estimated the 30-day time frame under estimate the prevalence 

of food insecurity by approximately  50% (Loopstra, 2019).
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Table 1-2. Different types of food security survey tools and terms used for classification of food security status.  

Organisation  Survey Tool Terms Domain of Food security assessed  

USDA U.S. 18 question*/Adult/ 6 item Food 
Security Module** 

• High food security among adults 

• Marginal food security among adults 

• Low food security among adults 

• Very low food security among adults  

• ACCESS  

FANTA Household Food Insecurity Access 
Scale  

• Food secure 

• Mildly food insecure 

• Moderately food insecure 

• Severely food insecure  

• ACCESS 

Radimer/Cornell Radimer/Cornell • Food secure 

• Household insecure 

• Individual insecure 

• Child hunger  

• ACCESS 

FAO Food Insecurity Experience Scale 
(FIES) 

• Mild food insecurity 

though to  

• Severe food insecurity  

• ACCESS 

* Measures where appropriate, food insecurity of children living in the household 
** Survey tool used in the UK to measure food security as part of the Family Resource Survey
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1.4 Household Food Security: Why is it important to the UK? 

Food insecurity is a growing public health problem with the prevalence of 

adult food insecurity being amongst the worse in Europe (UK Parliament, 

2019). Even before the global COVID-19 Pandemic of 2020, food insecurity 

was increasing (The Food Foundation, 2021; Loopstra, 2020; Loopstra et 

al., 2019) whilst the ‘cost of living crises' continues to exacerbate the 

prevalence of food insecurity (O’Brien, 2022; The Food Foundation, 2022a). 

The experience of food insecurity coupled with poor diet quality is a factor 

in adverse health outcomes and the development of diet related disease’s 

e.g., cardiovascular disease, diabetes some types of cancer, obesity and 

depression (Ejebu et al., 2018). Studies researching the impact of food 

insecurity and poor dietary quality on micronutrient deficiency in high 

income countries have shown a relationship between food security and iron 

deficiency with or without anaemia amongst children under 3 years of age 

(Park et al., 2009) children over 3 years, adolescents and adult women 

(Eicher-Miller et al., 2009; Moradi et al., 2018). A study from Canada 

reported those who died before their 65th  birthday and were ‘moderately’ or 

‘severely’ food insecure died on average 9.6 months earlier than their food 

secure counterparts (Men and Tarasuk, 2020). The risk of death for adults 

in the US with ‘very low food security status’ was reported to be twice that 

of those who were food secure (Walker et al., 2019). A strong correlation 

was observed between chronic disease and experience of food insecurity 

when living 200% below the federal poverty line in the US with a higher 

probability of chronic diseases as severity of food insecurity increased  

(Gregory, 2017). 
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Furthermore, the experience of food insecurity is detrimental to an 

individual’s physical and mental health (Blake, 2019; Jones et al., 2013), 

with food insecure females having higher rates of depression and anxiety 

(Maynard et al., 2018). The experience of food insecurity is associated with 

the adoption of unhealthy eating practices, linked to, obesity and 

malnutrition (Dhurandhar, 2016) food insecurity. Food insecure adults are 

more likely to have sub optimal nutrient intakes compared to food secure 

(Kirkpatrick and Tarasuk, 2008). 

Malnutrition and unhealthy diets are a significant factor in development of 

disease (Lowe and Mahmood, 2022), food insecurity has been associated 

with increased prevalence of chronic diseases such as diabetes mellitus 

and cardiovascular disease (Hanmer et al., 2021) and food insecure adults 

more frequently access health systems than food secure (Hanmer et al., 

2021; Loopstra et al., 2019). The cost to treat malnutrition and diseases 

associated with it is costly, placing a significant burden on the NHS. It is 

forecast, the cost to the NHS of treating malnutrition will be £19.6 billion per 

year by 2050 (Lowe and Mahmood, 2022). 

Variations in household food security status exist in the UK depending on 

S.E.S (UKSSD, 2018) with lower SES households more likely to be food 

insecure (Brown et al., 2022). The relationship between S.E.S, diet and 

health inequalities is well established (Darmon and Drewnowski, 2015) 

(Livingstone et al., 2017). Analysis of the relationship between S.E.S based 

on dimensions of  educational attainment or occupational status show those 

with a lower S.E.S are the more likely to have a diet that is energy dense, 
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nutrient poor and contains fewer fruit and vegetables compared to those 

with a higher S.E.S (Galobardes et al., 2001; Alkerwi et al., 2015). 

The experience of food insecurity is thought to further compromise the 

quality of the diet and may affect the overall energy and nutrient composition 

potentially adversely comprising an already poor-quality diet. Households in 

times of financial hardship/income instability or food price increase tend 

make to adjustments to the quality and the quantity of food consumed by 

‘trading down’ to cheaper products (i.e. branded to non-branded items, 

cheaper cuts of meat) and this was more prominent in households in the 

bottom 20% of income quintile (Revoredo-Giha et al., 2019). Households 

adopting these measures could be considered to have ‘a low food security 

status where quality of food is compromised but not the quantity of food. 

How this affects the nutritional composition of the overall food in the diet 

requires further research but a previous study suggest ‘trading down’ in a 

food category increases the uptake of products which are higher in 

saturated fats, sugar and salt (Revoredo-Giha et al., 2019). 

However, not all households are able to ‘trade down’ because they are 

already buying the cheapest items, these are often the lowest income 

households (DEFRA, 2022a; Revoredo-Giha et al., 2019). Therefore, the 

next stage is the reduction of the quantity of food purchased resulting in the 

potential for reduced energy and nutrient intakes. This ‘trading down’ and 

reducing quantity of food compounds further an already lower quality diet 

widening further diet and health inequalities, preventing individuals from 

thriving and reaching their full potential economically and socially.    
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.  

The UK has a high degree of national food security (Stewart, 2019), and 

there is adequate levels of food  available in the UK for each person of the 

population. The FAO Food Balance Data sheets indicates between the 

years 2018-2020 the average dietary energy supply was 138% of 

requirements (>3326.33 kcal/per capita/ per day) (FAO, 2023b).The UK 

produces a vast array of food for domestic consumption (Approximately 

60%). In 2020, the UK produced 100% of domestic consumption of oats and 

barley and 90% of wheat. Per person per year, the UK produces 61kg of 

meat, 227 litres of milk and 172 eggs. However, foods such as fish are 

typical imported mainly due to preference for fish grown outside of UK water. 

Whilst fifty percent of the vegetables consumed in the UK are grown 

domestically and 16% of fruit consumed is grown domestically the 

remainder is imported (DEFRA, 2021).  

Ensuring food security of all people is important; the consequence of food 

insecurity is detrimental to a country at regional, household and individual 

levels. Furthermore, the UK played a central role in the development of 2030 

Agenda for Sustainable Development (Stewart, 2019) and committed to the 

sustainable development goals (SDGs) of which there are 17.  Goal one (no 

poverty) and two (zero hunger) are closely tied and are of relevance to this 

research, however, the UK is not on track to meet these specific SDGs by 

2030 (UKSSD, 2018).  

Therefore, addressing food in security is of paramount importance and 

necessary for the overall development and productivity of a country (Jones 
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et al., 2013). Regional variations emerge in diet, health, life expectancy and 

productivity of a country where there are high levels of food insecurity 

compared to other regions (Power et al., 2020).  

1.5 Measurement of household food insecurity in the UK 

Historically measurement of food insecurity in the UK has been inconsistent 

and fragmented (Pool and Dooris, 2021), whilst the U.S have been 

measuring the prevalence of food insecurity since April 1995 (USDA, 2022b; 

ENUF, 2022). However, It was the rapid rise of Food Banks in the UK that 

drew attention to the rising levels of food insecurity (Loopstra, 2018) but it 

wasn’t until 2019 that the UK introduced routine monitoring of food 

(in)security as part of the Family Resource Survey (FRS). The tool used for 

the measure of food (in) security in FRS is the USDA ten question adult food 

security survey module (Appendix A) with a time frame of the previous 30 

days. Monitoring of food security as part of the FRS will be used in tracking 

progress towards goal two “Zero Hunger” of the sustainable development 

goals (Loopstra, 2019; UK Parliament, 2019).  

There is some concern that the previous 30-day period does not capture the 

true extent of food insecurity in the UK and using a period of the previous 

12 months would be preferable. The scope of the FRS is such that the 

previous 30 days meets the objectives of the survey; in that it is collecting 

current data. However, the 30-day period may understate the true extent of 

food insecurity whilst preventing the understanding of the annual prevalence 

of food insecurity. Loopstra illustrates this with data from the United States 

which showed food insecurity prevalence when measured in the previous 
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30 days was 5.5 percentage points lower than when a 12-month time frame 

was used (Loopstra, 2019).  

Prior to the inclusion of the USDA 10 adult food security measure in the 

FRS, the ‘Food and You Survey’ commissioned by the Food Standards 

Agency in 2009 and conducted biennially, has included the USDA adult food 

security module since Wave 4 (2016) but with a time frame of the previous 

12 months.  

However, these surveys are general population surveys and whilst they 

included households across different income levels with different sources of 

income (i.e., benefits) it is difficult to complete detailed analysis of 

population subgroups of interest such as those with an income from benefits 

due to low levels of participants within subgroups of interest  (Nelson et al., 

2007a). 

There are limited measures of food insecurity within low-income population 

groups in the UK. However, the Low-Income Diet and Nutrition Survey 

published in 2007 sought to address this problem by surveying households 

in the bottom 15% of the population in terms of income (Nelson et al., 

2007a). Assessment of food security status was completed using the USDA 

adult food security module with a period of previous 12 months and at that 

time, concluded those who were food insecure were protected from the 

experience of hunger. 

Furthermore, foodbank usage has been used as a proxy indicator for the 

prevalence of food insecurity. However, this does not provide a true 

reflection of the prevalence of food insecurity as many who are experiencing 
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food insecurity do not access a food bank (Boyle and Power, 2021; Lambie-

Mumford et al., 2014) 

Since March 2020, The Food Foundation has been tracking food insecurity 

(The Food Foundation, 2022a) However, they use three questions from 

USDA adult food security module to assess if people are food insecure. The 

questions capture moderate and severe experiences of food insecurity and 

use a period of the previous month and the previous 6 months. If people 

answer yes to any one of the questions, they are classified as food insecure.  

The U.S adult food security module relates to the access domain of food 

security (Table 1.2) and is concerned with monetary resources for food 

purchases. The access domain does also relate to access to shops and 

transport, but the tool specifically asks about money for food (Mark Nord et 

al., 2000). 

Research studies measuring the prevalence of food insecurity in the UK 

have employed different tools. For example, Pool and Dooris, 2021 used 

the Food Insecurity Experience Scale (FIES) in the study of 2000 mainland 

UK adults in February 2019.  

Depending on the tool used the wording for dimensions of food security with 

the associated characteristics vary (Table 1.2). However, questions asked 

in each of the surveys are similar and capture the common dimensions of 

food insecurity.  

As mentioned at the beginning of this section measurement of food 

insecurity in the UK has been inconsistent and fragmented (Pool and 

Dooris, 2021) and whilst FRS is now monitoring food security in the UK it 
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may not be a true reflection of the prevalence or the severity due to the time 

frame utilized in assessment.  

1.6 Prevalence of food insecurity in the UK and future projections. 

Research studies into the prevalence of food insecurity in the UK are limited; 

therefore, this section will draw on the results from FRS 2020-2021, the 

Food and You Survey Wave 5, the Food Foundation food security tracking 

and relevant research studies. 

1.6.1 UK and Regional variance.  

The FRS 2020/21 collected data from a representative sample (n = 9059) 

of private households in the UK. Results indicate 7% of households in the 

UK were food insecure. The Food and You survey, a cross sectional study 

of adults living in England, Wales and Northern Ireland, collected data from 

around 3500 individuals used the same USDA food security tool as the 

Family Resource survey.  Wave five of the Food and You Survey published 

in 2019 indicated that 10% of households were food insecure (Fuller et al., 

2019), whilst the latest data from The Food Foundation food security 

tracking (period 21st to 23rd September 2022) which surveyed 4280 adults, 

found 18.4% of households were food insecure in the previous month (The 

Food Foundation, 2022a). Furthermore, this was a 4.6 percentage point 

increase from April 2022 and indicated a greater prevalence of food 

insecurity than that of the FRS and Food and You.  

The Food Foundation survey is a reduced food security questionnaire and 

whilst nationally representative, participants are recruited via You Gov, 

which provides cash incentives for answering surveys. Therefore, this may 
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provide an incentive for those with economic constraints to take part. 

Furthermore, the classification of food security is based on a reduced set of 

questions without screening questions. The USDA adult food security 

module is comprised of three sections, requiring a positive response in the 

previous section before moving to the next. This may be a factor in higher 

prevalence of food insecurity in the ‘The Food Foundation’ survey compared 

to the FRS because of the different methodologies for classifying food 

insecurity.  

Pool and Dooris reported prevalence of food insecurity in the UK to be 

14.2%; they used the FAO Food Insecurity Experience Scale. Due to the 

difference in methodology, questions and thresholds for categorizing food 

insecurity the authors acknowledge the results from their study are not 

directly comparable to that of other surveys (Pool and Dooris, 2021). 

Regional differences in food security status persist in the UK with the FRS 

reporting households in the Northeast being 2.75 times more likely to be 

food insecure (11%) compared to the Southwest where 4% of households 

were food insecure. (Figure 1.3). Data from the Food Foundation food 

security tracking most recent survey also finds the North East was 1.97 

times likely to be food insecure compared to the Southwest. However, the 

proportion of households who were food insecure was greater than that of 

FRS with the Food Foundation reporting 27.8% of households in the 

Northeast and 14.1% in Southwest being food insecure.  
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Figure 1-2. Proportion of households who are food secure food insecure by region and 
county.  Adapted from the Family Resource Survey 2020/2021. 

1.6.2 Household with low incomes. 

The probability of being food insecure for low-income adults was found to 

have increased from 2004 to 2016 by 18.1 percentage points from 27.1% 

to 45.8% (Loopstra et al., 2019). The latest results from the FRS for the 

prevalence of food insecurity by total weekly gross income reports 

households with and weekly income of less £200, were twice as likely to 

food insecure compared to the average household (14% experienced food 

insecurity vs 7% of all households). These results are the same for 

households with and income between £200 and £400 per week. Food 

insecurity prevalence decreased incrementally as income increased. 

(Figure 1.4). 
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Figure 1-3. Household food security status by total gross weekly income adapted from 
FRS 2020/2021 

1.6.3 Household in receipt of benefits.  

Results from the FRS survey (2020/2021) reports households with any 

income-related benefit support were 3.4 times more likely to be food 

insecure compared to the average household (24% vs 7% respectively) 

(DWP, 2022). Whilst households in receipt, specifically Universal Credit, 

were 3.85 times more likely to experience food insecurity compared to an 

average household (27% vs 7%). Data from The Food Foundation reports 

households in receipt of Universal Credit as of September 2022 were 2.92 

times more likely to be food insecure compared to the average household 
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(53.8% vs 18.4% respectively) during the same period. Furthermore, the 

proportion of food insecure households as surveyed by The Food 

Foundation increased by 11.7 percentage points from April 2022  (The Food 

Foundation, 2022a).  

1.7 Drivers of food insecurity in the UK and other high-income 

countries. 

The drivers of food insecurity in high income countries  In recent years the 

UK has seen a stagnating wages (Prayogo et al., 2018) and increased living 

costs. For households in receipt of benefits there has been a gradual 

transition to a monthly UC payment from that of legacy benefits. There  are 

six legacy benefits  (housing benefit, income related employment and 

support allowance, income based job seekers allowance, child tax credit, 

working tax credit and income support) depending on the type of legacy 

benefit, are either paid every 4 weeks or every fortnight (GOV.UK, 2023).  

Household with an income from UC have a higher prevalence of food 

insecurity compared to those on legacy benefits, results from the recent 

family resource survey 2021/22 indicate household on UC were between 

1.6 to 1.9 times more likely to be food insecure compared to households 

with an income from  legacy benefit (DWP, 2022).  

The five-week wait when making a new claim for UC has been identified as 

a factor in food insecurity. Furthermore, if UC claimants miss a meeting with 

their work coach, sanctions are applied, decreasing the amount of benefit 

paid, additionally if sanctions are applied UC claimant can apply for a 

hardship loan but this is repaid from future universal credit payments 
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decreasing the amount paid until the loan is repaid. Sanctions and 

deductions are identified as a factor in the experience of food insecurity  

(Prayogo et al., 2018). 

Whilst Government policies, which restrict the income of households in 

receipt of benefits, including the benefit, cap, the bedroom tax and the two-

child limit are associated with food insecurity. Households with an income 

from UC who are not affected by the above Government policies are also 

food insecure, highlighting the broad issue of food insecurity and benefits 

(Geiger et al., 2021).   

Whilst there are groups of the population (e.g., asylum seekers, refugees) 

who have no recourse to public funds. They are reliant on third sector 

organisations for food and have been found to be  at increased risk of 

experiencing prolonged food insecurity (Hamilton et al., 2022). 

Increases in the “Cost of Living” are a factor in the rise of household food 

insecurity in the UK (Francis-Devine et al., 2022). which has seen a 

reduction in real term unemployment benefit amounts as monetary 

increases  were not in keeping with the  rate of with inflation, (Hetherington, 

2022). The drivers of food insecurity are complex and poverty is a 

recognized factor in the experience of food insecurity, 16% of individuals 

living in relative poverty (income below 60% of the UK median) were in a 

food insecure household (Francis-Devine et al., 2022).  
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1.8 Why do we need to measure food insecurity when there is already 

evidence of the relationship between diet and health inequalities 

due to poverty, socioeconomic status and living in a deprived 

area (Indices of Multiple deprivation)? 

In high income countries  one of the root cause of food insecurity is widely 

accepted to be because of poverty (Hjelm et al., 2016) (Pollard and Booth, 

2019). If a household is in poverty relative or absolute, then the ability to 

access foods which meet the definition of food security is prohibited 

because of economic constraint. 

However, official definitions of poverty include ‘relative income poverty’ 

where a household has less than 60% of the equivalised median income for 

that year, whilst ‘absolute poverty’ is defined as less than 60% of the median 

income for 2010/201, uprated by inflation (JRF, 2015). However, it is argued  

the definition of  poverty as 60% below the median income is an arbitrary 

measure and that  individuals can be in poverty if their financial resources 

are not sufficient to meet their needs (Mack, 2016).  

Peter Townsend invented ‘Relative Deprivation Theory off Poverty’ which 

defines poverty as those with resources well below that of the average 

individual or households, that they are effectively excluded from society as 

they are unable to take part in activities, ordinary living patterns and 

customs. (“Townsend Centre for International Poverty Research,” 2023) 

This approach is seen as a consensual or ‘perceived poverty’, where public 

opinion on what is needed for a minimum acceptable living standard is 

garnered and a poverty threshold determined related to income for those 
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who lack necessities due to economic constraint. This approach to defining 

poverty encompasses both deprivation and income (Mack, 2016).  

The Joseph Rowntree Foundation has developed the Minimum Income 

Standard (JRF, 2015). Whilst this is not a defined measure of poverty, it 

does build upon Townsend work.  Household/ individuals living below 

minimum income standards but above the poverty threshold may be at risk 

of experiencing food insecurity as the income they have is not sufficient to 

meet what the general population perceives to be a necessary for a 

minimum standard of living. It is known the food budget is modifiable and as 

such an income below the MIS may mean money is taken from the food 

budget to pay other bills, thus potentially exposing households to the risk of 

food insecurity.  

1.9 Assessment of population groups micronutrient intakes. 

In the field of human nutrition, Dietary Reference Values (DRV’s) are 

fundamental in the evaluation of dietary adequacy of individuals and groups, 

they are the scientific basis by which nutrition recommendations are derived 

and are pivotal in the setting of food based dietary guidelines (Powers, 

2021). However, they cannot identify deficiencies within individuals due the 

variability in requirements person to person. In these instances, 

identification of deficiency is via biomarkers, however, not all micronutrients 

have a reliable biomarker, for example zinc. Biomarkers for iron, iodine, 

zinc, riboflavin and vitamin A, covered in section 1.9. 

1.10 Dietary Reference Values (DRVs). 

1.10.1 Definitions and classifications.  
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Dietary reference values previously were termed ‘recommended daily 

allowance’ (RDAs). The Committee on Medical Aspects of Food Policy 

(COMA) introduced the term ‘reference’ to reduce misunderstanding that 

the values in the DRVs are estimates of requirements and not 

recommendations for intakes.  

In the UK, dietary reference values (DRVs) for food energy and nutrients 

were set in 1991 by the now disbanded COMA. The DRVs apply to healthy 

groups of people (groups are based on age, gender and physiological state 

such as pregnancy or lactation and are developed based on nutrient 

requirements at different life stages taking into consideration the amount of 

a nutrient required to maintain circulatory levels or enzyme saturation or 

tissue concentration, and levels to avoid deficiency (Figure 1.5). 

DRVs may not be appropriate for those with different requirements due to 

disease, metabolic disorders or difficulties in the absorption of nutrients 

(DoH, 2008) and it is assumed that requirements of healthy individuals in a 

group are normally distributed (DoH, 2008). The term DRV covers 

Reference Nutrient Intakes (RNI), Estimated Average Requirements (EAR), 

Lower Reference Nutrient Intakes (LRNI), and Safe Intakes (SI) (BNF, 

2021), (DoH, 2008). The values for micronutrients set by COMA in 1991 are 

still in use today (Powers, 2021) and table 1.3 and 1.4 lay out the RNI for 

vitamins and minerals for adolescents (11-18 years), adults (19- 50 years) 

and older adults (50+ years of age). Section 1.6.2 will define the DRVs in 

relation to micronutrients in more detail.  
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1.10.2 Reference Nutrient intakes.  

The RNI is set deliberately high at a notional two standard deviations away 

from the EAR (Figure 1.6) this is to ensure that requirements for a specific 

nutrient are met for the majority (97.5%) of a group. Many in the group will 

have lower requirements than that indicated by the RNI. In the case of 

women with very high menstrual losses, for example, the RNI for iron will 

not be sufficient and as such, supplementation is recommended (DoH, 

2008). Similar disparities exist for other micronutrients, but for the most part, 

the RNI is a good indicator for general requirement. 

If an individual has a nutrient intake above the RNI, it is highly likely that 

they will have a sufficient intake, if it is between the LRNI and the RNI, then 

the closer to the RNI, the chances of their intake being inadequate 

diminishes (Figure 1.7). However, to determine if an individual is deficient 

in a nutrient, a biological measure is required (where appropriate) (DoH, 

 

Dietary 
intake 

Status 
(Body Pool) 

Specific 
function 

Health 
outcome 
indicator 

Modulators 
Factors, which can impair absorption. 

• e.g., Phytates in legumes and 
wheat decrease the bioavailability 
of zinc. 

• Calcium can inhibit absorption of 
iron competing micronutrients.  

Modulators  

Factors, which can impair 
utilisation e.g., 
inflammation. 

 

Informs thresholds. 

Biomarkers 

Informs DRVs 

Figure 1-4. Schematic representation of the considerations that might influence the setting of 
dietary reference values (adapted from (Powers 2021). 
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2008), for example, hemoglobin or serum ferritin in the case of diagnosing 

iron deficiency with or without anemia . 
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Table 1-3. Reference Nutrient Intakes (RNI and Lower Reference Nutrient Intakes (LRNI) for vitamins amongst UK males and females aged 11-50+ years. 

 Age 
(years) 

Thiamine Riboflavin Niacin Vitamin B6 Vitamin B12 Folate Vitamin C Vitamin A Vitamin D¥ 

  mg/d (LRNI)* mg/d  
(LRNI) 

mg/d 
(LRNI)* 

mg/d 
(LRNI)** 

µg/d µg/d mg/d µg/d µg/d 

Males  11-14 0.9 (0.23) 1.2 (0.8) 15 (4.4) 1.2 (11) 1.2 (0.8) 200 (100) 35 (9) 600 (250) 10 

 15-18 1.1 (0.23) 1.3 (0.8) 18 (4.4) 1.5 (11) 1.5 (1.0) 200 (100) 40 (10) 700 (300) 10 

 19-50 1.0 (0.23) 1.3 (0.8) 17 (4.4) 1.4 (11) 1.5 (1.0) 200 (100) 40 (10) 700 (300) 10 

 50+ 0.9 (0.23) 1.3 (0.8) 16 (4.4) 1.4 (11) 1.5 (1.0) 200 (100) 40 (10) 700 (300) 10 

Females 11-14 0.7 (0.23) 1.1 (0.8) 12 (4.4) 1.0 (11) 1.2 (0.8) 200 (100) 35 (9) 600 (250) 10 

 15-18 0.8 (0.23) 1.1 (0.8) 14 (4.4) 1.2 (11) 1.5 (1.0) 200 (100) 40 (10) 600 (250) 10 

 19-50 0.8 (0.23) 1.1 (0.8) 13 (4.4) 1.2 (11) 1.5 (1.0) 200 (100) 40 (10) 600 (250) 10 

 50+ 0.8 (0.23) 1.1 (0.8) 12 (4.4) 1.2 (11) 1.5 (1.0) 200 (100) 40 (10) 600 (250) 10 

Table adapted from (DoH, 2008). ¥ Values from SACN (SACN, 2016).  
*mg/1000kcal 
**µg/g protein 
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Table 1-4. Reference nutrient intakes for minerals amongst UK males and females aged 11-50+ years. 

 Age 
(years) 

Calcium Phosphorus Magnesium Sodium Potassium  Chloride Iron Zinc Copper Selenium Iodine 

  mg/d mg/d mg/d mg/d mg/d µg/d µg/d mg/d mg/d µg/d µg/d 

Males  11-14 1000 775 280 1600 3100 2500 11.3 9.0 0.8 45 130 

 15-18 1000 775 300 1600 3500 2500 11.3 9.5 1.0 70 140 

 19-50 700 550 300 1600 3500 2500 8.7 9.5 1.2 75 140 

 50+ 700 550 300 1600 3500 2500 8.7 9.5 1.2 75 140 

Females 11-14 800 625 280 1600 3100 2500 14.8 9.0 0.8 45 130 

 15-18 800 652 300 1600 3500 2500 14.8 7.0 1.0 60 140 

 19-50 700 550 270 1600 3500 2500 14.8 7.0 1.2 60 140 

 50+ 700 550 270 1600 3500 2500 8.7 7.0 1.2 60 140 

Table adapted from (DoH, 2008). 
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1.10.3 Estimated average requirements. 

The EAR is the estimate of average requirement of a nutrient; it is the 

notional mean (Figure 1.6) as such 50% of a group will require more and 

50% less. 

1.10.4 Lower reference nutrient intake.  

The LRNI is two standard deviations below the EAR (Figure 1.6), is 

sufficient for just 2.5% of a group, and will be inadequate for the majority of 

individuals. When an individual has a nutrient intake below the LRNI, it is 

likely they will not meet their requirements. This becomes more likely if 3% 

or more of a group are below the LRNI (Nelson et al., 2007b). 

 

Figure 1-5.  Gaussian distribution of nutrient intakes and dietary reference values 
definitions (Taken from DoH, 2008).  
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Figure 1-6. Dietary intakes and risk of deficiency (Taken from DoH, 2008). 

1.10.5 Updates to the DRVs. 

COMA has since been replaced by Scientific Advisory Committee on 

Nutrition (SACN) who in 2011 revised the EAR for energy (SACN, 2011). 

COMA used total energy expenditure (TEE) for the setting of EARs amongst 

population groups. 

TEE is energy intake matching energy expenditure. Recent advancements 

in the doubly labelled water (DLW) method, the gold standard for measuring 

TEE in free-living individuals.4 Coupled with a high prevalence of overweight 

and obesity within the UK, SACN, reviewed the EARs for energy using a 

factorial approach.  Where TEE is a combination of (Basal Metabolic Rate 

 
4 The DLW method in principle requires the consumption of dose of water labelled with “Heavy” isotopes 2H and 

18O. The rate of elimination of the isotopes, measured in urine, saliva or blood is required for the calculation of 

the daily volume of carbon dioxide production for the estimation of TEE (Berman et al., 2020).  
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(BMR) x Physical Activity Level (PAL), where BMR was predicted based on 

a range of reference healthy body weights and PAL was estimated from 

measures of DLW (SACN, 2011) . Energy values from SACN are higher 

than those of COMA but it is suggested if overweight groups consume the 

energy recommended for healthy weight groups, then a loss of weight 

should occur and conversely if underweight groups consume energy for a 

healthy weight group, then weight gain should occur (SACN, 2011). 

In 2015 SACN made new recommendations for free sugar and fibre intakes 

in its report Carbohydrates and Health (SACN, 2015). The 

recommendations for fibre were increased to 30g d-1 (SACN, 2015) from a 

maximum of 24g d-1  (DoH, 2008). Whilst the term “free sugars” replaced 

that of COMA’s “Non-milk extrinsic sugars”, recommendations were made 

for no more than 5% of energy to be from free sugars (SACN, 2015) this is 

a decrease from COMA recommendation of 11% of food energy (DoH, 

2008). 

New recommendations for vitamin D intake made by SACN in its report 

Vitamin D and Health (SACN, 2016) set the RNI at 10µg d-1 for everyone 

aged over 4 years, previously an RNI was not in place except for children 
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under 4 years and adults over 65 years of age and during pregnancy (DoH, 

2008).  

1.11 Biomarkers in the diagnoses of micronutrient deficiency 

amongst individuals and determination of micronutrient status in 

populations groups.  

To determine if an individual is deficient in a vitamin or mineral it requires a 

biological sample, laboratory testing and comparison to published cut-off 

criteria for the assessment of deficiency. Biological samples typically 

collected are blood and urine; this next section will describe some of the 

micronutrient biomarkers relevant to the studies in this thesis. Furthermore, 

biomarkers are used in the validation of micronutrient intakes from dietary 

surveys and are an objective assessment of dietary exposure and nutritional 

status  (MRC, 2023a). 

1.11.1 Diagnosis of iron deficiency anemia and iron deficiency.  

 Haemoglobin. 

Iron deficiency anaemia (it is possible to be iron deficient without anaemia) 

is diagnosed by haemoglobin status. Haemoglobin, an oxygen-binding 

protein, present in red blood cells and responsible for the red pigment of 

blood is required in the transportation of oxygen from the lungs to other 

tissues and for the removal of carbon dioxide from the tissues to the lungs 

for expulsion. Approximately 60% of the iron in the human body is utilised 

in haemoglobin (Gibney et al., 2009). Iron In the ferrous state (Fe2+) is 

incorporated into the four globin protein subunits of haemoglobin along with 

a protoporphyrin ring (Farid et al., 2022), it is the iron atom that associates 

and dissociates the oxygen and carbon dioxide molecules, hence why, 
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when an individual has iron deficiency anaemia, they can feel tired and 

breathless. Diagnoses of anaemia from haemoglobin levels is age and sex 

specific and ranges from mild to severe anaemia  (WHO, 2011a) (Table 

1.5). 

Table 1-5. Haemoglobin levels to diagnose anaemia at sea level (g l-1) 

  Anaemia 

Population Non-
anaemia 

Mild moderate Severe 

 g l-1 

Children 6 - 59 months of age >=110 100-109 70-99 <70 
Children 5 - 11 years of age >=115 110-114 80-109 <80 
Children 12 - 14 years of age >=120 110-119 80-109 <80 
Non-pregnant women (15 years of 
age and above) 

>=120 110-119 80-109 <80 

Pregnant women >=110 100-109 70-99 <70 
Men (15 years of age and above) >130 110-129 80-109 <80 

Adapted from (WHO, 2011a) 

 Serum ferritin. 

Approximately 20% of the iron in the body is stored within the protein ferritin, 

another store of iron is hemosiderin (Gibney et al., 2009). Ferritin may 

contain as many as 400-4500 atoms of iron(WHO, 2011b) and is stored 

within the liver, spleen and bone marrow  (Abbaspour et al., 2014). The 

stores of iron are utilised in times when there is a high need, such as in 

pregnancy or during puberty. Ferritin is excreted into the plasma in small 

amounts and correlates well with total body iron stores (Abbaspour et al., 

2014; WHO, 2011b).This is why serum ferritin is a good biomarker of iron 

stores. However, serum ferritin readings can be higher than the amount of 

iron stored in individuals who have illness/injury that causes inflammation 

(SAITO, 2014). Diagnose of depleted iron stores is age and sex specific 

with different criteria applied if an individual has an infection (WHO, 2020) 

(Table 1.6). 
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Table 1-6. Recommended cut-off values to define iron deficiency and risk of iron overload 
in apparently healthy and non-healthy individuals by age group. 

 Serum ferritin (µg L-1) 

 Iron deficiency Risk of iron overload 

 Apparently 
healthy 

individuals 

Individuals with 
infection or 

inflammation 

Apparently 
healthy 

individuals 

Non- 
healthy 

individuals 

Infants and young 
children (0–23 
months) 

<12 <30 - - 

Children under 5 
years (24–59 months) 

<12 <30 - - 

Children (5 to less 
than 10 years) 

<15 <70 >150 females 
>200 males 

>500 

Adolescents (10 to 
less than 20 years) 

<15 <70 >150 females 
>200 males 

>500 

Adults (20–59 years) <15 <70 >150 females 
>200 males 

>500 

Older persons (60+ 
years) 

<15 <70 >150 females 
>200 males 

>500 

Pregnant women <15 (first 
trimester) 

- - - 

Adapted from (WHO, 2020) 

1.11.2 Diagnosis of iodine deficiency in individuals and Iodine 

status amongst populations. 

There are various biomarkers available to assess the Iodine status of 

individuals and populations, however, the two main biomarkers are Urinary 

Iodine Excretion (UIE), which assesses recent iodine intake in individuals 

and Urinary Iodine concentrations (UIC) which assess iodine status within 

populations. Absorption of ingested Iodine is high (>90%)  (EFSA, 2014a) 

and in iodine replete individuals 90% of ingested iodine is excreted in the 

urine with 24-48 hours (EFSA, 2014a). 

1.11.3 Urinary Iodine Excretion (individual and population 

level). 

At the individual level, a 24-hour urine sample or at least 10 spot samples 

(10 ml of urine is sufficient) is required for assessment of recent iodine 

intake to within 20% (EFSA, 2014a),  
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1.11.4 Urinary Iodine Concentration (population level). 

At the population level, 24-hour urine samples may be difficult to collect, 

therefore, a spot sample (not the first pass of the day and around 10 ml is 

sufficient for testing) is preferred and as long as there is a large enough 

sample size. Even though there is day to day and within the same day 

variation of iodine excretion in the individual, at the population level this is 

levelled out (WHO, 2013). The iodine intake and status of a population is 

determined by the median value of urinary iodine (EFSA, 2014a). Iodine 

intake values span from insufficient (<20µg/L) to excessive (≥ 300µg/L) in 

children aged over 6 years and adults, pregnant or lactating women have 

higher requirements for iodine, as such criteria for assessing iodine status 

differs to that of non-pregnant lactating adults (Table 1.7). Iodine status is 

measured along a spectrum from severe iodine deficiency to risk of adverse 

health consequences when intakes are excessive (WHO, 2013) (Table 1.7) 

Table 1-7. Epidemiologic criteria for assessing iodine intake and status based on median 
urinary iodine concentrations in children aged 6 years and over, adults, pregnant and 
lactating women and children under 2 years of age.  

Population 
group 

Median urinary 
iodine (μg L-1) 

Iodine intake Iodine status 

 
School-age 
children (6 
years or 
older) and 
adults 
 
 
 
 

<20 Insufficient Severe iodine deficiency 
20–49 Insufficient Moderate iodine deficiency 
50–99 Insufficient Mild iodine deficiency 
100–199 Adequate Adequate iodine nutrition 
200–299 Above 

requirements 
May pose a slight risk of more than 
adequate iodine intake in these 
populations 

≥300 Excessive Risk of adverse health consequences 
(iodine-induced hyperthyroidism, 
autoimmune thyroid disease 

Pregnant 
women 
 
 

<150 Insufficient  
150–249 Adequate  
250–499 Above 

requirements 
 

≥500 Excessive  

Lactating 
women and 
children 
aged less 
than 2 years. 

<100 Insufficient  

≥100 Adequate  

Adapted from (WHO, 2013) 
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1.11.5 Zinc. 

Plasma levels of zinc are a poor biomarker of dietary zinc intake, although 

dietary zinc can affect plasma levels, when intakes are sub-optimal, plasma 

zinc levels do not always decrease to reflect lower dietary intakes (Kuhnle, 

2015) as such, plasma zinc is not a useful biomarker, although it is often 

used.  

1.11.6  Riboflavin (Vitamin B2). 

Riboflavin is a key building block for Flavin adenine dinucleotide (FAD), a 

coenzyme involved in a range of biochemical process including 

metabolizing carbohydrate, lipid and protein (Hampel, 2023a) into glucose 

for energy production (Mahabadi et al., 2021). Deficiency of riboflavin is 

associated with lower absorption of iron (Powers et al., 2011) and is a factor 

in IDA. Riboflavin status can be determined using erythrocyte glutathione 

reductase assay coefficient (EGRAC) which measures the activity of the 

enzyme before and after exposure to FAD. EGRAC >1.40 indicates 

deficiency (Powers et al., 2011). Whilst value of 1.2-1.4 indicate low 

riboflavin status and <1.2 relates to an acceptable riboflavin status (Hampel, 

2023b) 

1.11.7 Vitamin A.  

Vitamin A is a fat-soluble vitamin required in immune function, vision and 

many other physiological processes. Deficiency in the UK is rare; however, 

serum retinol is measured as part of the NDNS. There are limitations 

associated with serum retinol as a biomarker due to illness decreasing 

serum retinol concentrations, however, it is recognised as a useful tool for 
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assessing Vitamin A deficiency within population groups (Farebrother and 

Haskell, 2019). 

1.12 Assessment of micronutrient intake and diet quality. 

There are range of tools available for the collection of dietary data, table 1.8 

provides brief details of the types of subjective dietary assessment methods 

available (MRC, 2023b). When selecting the tool to use, it is necessary to 

consider who the target population is, what time they have available, their 

age, literary, numeracy and English language skills, access to technology 

(computers, smart phones, etc.). Other considerations are the intended 

study hypothesis, duration of the study, financial resource available and the 

skill sets of the researchers required in analysis of the data.  

Low-income population groups in the UK, were found to prefer the 

completion of four separate 24-hour dietary recall as opposed to a weighed 

inventory of foods, semi weighed 4-day diet diary and a food checklist 

(Holmes et al., 2008). Whilst NDNS, until recently collected dietary data 

using a paper based 4-day diet dairy, this has now changed to the 

completion of four computerised, 24-hour dietary recalls hosted by Intake24 

(PHE, 2021).  

1.12.1 Subjective dietary assessment methods.  

Subjective dietary assessment methods rely on participants written or verbal 

responses, they are prone to bias, such as recall bias and social desirability 

bias. All measures of subjective dietary intakes amongst population groups 

are prone to underreporting in the region of 25% (Foster et al., 2019). 

However, there are numerous advantages to using subjective methods 



INTRODUCTION. 

 

45 
 

including affordability, suitable for use in large cohorts, are non-invasive and 

can be delivered in different formats (pen and paper, electronic device, web 

based) (MRC, 2023b). 
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Table 1-8. Subjective dietary assessment methods.  

 What is assessed  How are estimates of diet 
derived? 

Strengths 
 

Limitations References  

Estimated food diaries Energy intakes, most 
nutrients, foods and 
food groups 

Food composition tables. 
Composite meals 
disaggregated.to individual foods 
and ingredients. 

Recorded when consumed. 
Does not rely on memory  

Time consuming for researchers 
to analyse. 
High participant burden  

(MRC, 
2023c) 

Weighed food diaries Energy intakes, most 
nutrients, foods and 
food groups 

Foods are coded, entered into a 
database and matched to nutrient 
data.  

Does not rely on memory. 
weight of food provided and 
does not rely on estimates 

Time consuming for researchers 
to analyse. 
High participant burden 

(MRC, 
2023d) 

24-hour dietary recall Energy intakes, most 
nutrients, foods and 
food groups 

Food composition tables. 
Composite meals 
disaggregated.to individual foods 
and ingredients. 

Respondent burden is low 
depending on the number of 
recalls. 
Quick to administer. 
Does not alter food intake 
patterns  

Rely on participant memory.  
Time consuming for researchers 
to analyse. 
 

(MRC, 
2023e) 

Food frequency 
questionnaires 

Habitual diet 
Energy and nutrient 
intake of diet 
Food and food groups  

Standardized measures  
Food composition table  

Respondent burden low 
Low Cost 
Capture habitual intake and 
foods not consumed regularly  

Specified food list may not be 
fully representative of foods 
eaten 

(MRC, 2023f) 
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1.12.2 Measures of diet quality.  

The use of diet quality indices can be used for assessing compliance with 

food based dietary guidelines (Vyncke et al., 2013) and are recognised as 

an important measure of food security. Diets that align with the UK 

government dietary guidelines have been estimated to cost as much as 30% 

of the lowest income deciles disposable income (Scott et al., 2018). As 

such, a low income is prohibitive for meeting a diet that is optimal for health.  

Different tools are available for estimating diet quality in different population 

groups including adolescents, adults, and the elderly. In this research the 

tools used were the diet quality index for adolescents (DQI-A) and the diet 

quality index- international (DQI-I). Majority of diet quality indices are 

concerned with diet, health outcome and chronic disease.  To the best of 

our knowledge, studies investigating income, food security and diet quality 

in the UK are limited.  Although it is recognized adolescents and adults with 

a higher socio-economic status (which is based on employment status; 

occupational social) have a higher diet quality globally (Darmon and 

Drewnowski, 2015; Kurotani et al., 2021; Livingstone et al., 2017). However, 

it is widely acknowledge  the fundamental causes of food insecurity are 

economical derived (Drewnowski, 2022). 

1.13 Micronutrient intake and status amongst female in the UK: adults 

and adolescents.  

Studies estimating micronutrient intake and status amongst UK populations 

are often completed as data reuse projects using NDNS data (Buttriss, 

2015; Derbyshire, 2018). In the UK, the general population aged.1.5 years 

and over, living in private households and women who are not pregnant or 
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lactating, nutrient intake and nutritional status are estimated in the NDNS. 

The NDNS is a cross sectional survey recruiting a representative sample of 

approximately 1000 people per year (500 adults, 500 children). The survey 

started in 2008 and is now in its 11th year.  

The next section will describe selected micronutrient intakes of adult women 

aged 19-64 years and girls aged 11-18 years as a percentage of the RNI 

and proportion below the LRNI using data from the NDNS (years 9-11 

(2016/2017-20/182019)) (Table 1.9 and Table 1.10). Relevant studies that 

have used NDNS data will be referred too.  

1.13.1 Adult women 19-64 years. 

Mineral intakes from food sources amongst adult women aged 19-64 are 

low compared to the RNI for iron, iodine and selenium (Table 1.9) with a 

high proportion of the population below the lower reference nutrient intake 

(Table 1.9) which is of concern, as dietary intakes below the LRNI are when 

deficiency is likely to occur (Derbyshire, 2018). Analysis of years 1-6 of the 

NDNS for adults across midlife found riboflavin, iron and iodine intakes 

amongst females to be lower compared to males and women in their 20’s 

had a greater percentage of the population below LRNI for iodine, iron 

compared to older women (Derbyshire, 2018). Section 1.13 will cover 

implications to health of suboptimal intakes and deficiencies. Vitamin A and 

riboflavin exceeded the RNI; however, there is still a high percentage below 

the LRNI (Table 1.9).  
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Table 1-9. Micronutrient intakes from food sources only; Vitamins and Minerals by NDNS 
rolling programme years 9-11 (2016/17 -2018/19). Adult women 19-64 years. 

Micronutrient Median % of RNI % <LRNI 

Vitamins   
Vitamin A 113 8 
Riboflavin 120 13 

Minerals    

Iron  70 25 
Zinc 107 7 

Iodine 89 12 
Selenium 69 46 

Adapted from (PHE, 2020a). 

1.13.2 Girls aged 11-18 years. 

Girls aged 11-18 years met a lower percentage of the RNI for the selected 

vitamin and minerals and had a greater percentage below the LRNI 

compared to adult women (Table 1.10). It is suggested the increased 

autonomy in food choice is a factor for sub-optimal micronutrient 

composition of the diet amongst this population group. Previous studies 

have highlighted fruit and vegetable consumption among adolescents 

females to be below dietary recommendations whilst salt intakes are above 

recommendations (Duke, 2021; Rosi et al., 2019). Adolescent females with 

a high consumption of breakfast cereal consumption has been associated 

with dietary iron intakes above the Lower Reference Nutrient Intake (Thane 

et al., 2003) however, adolescents have been found to have a greater 

irregularity of breakfast cereal consumption compared to other age groups 

(Gaal et al., 2018). 
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Table 1-10. Micronutrient intakes from food sources only; Vitamins and Minerals by NDNS 
rolling programme years 9-11 (2016/17 -2018/19). Girls 11-18 years. 

Micronutrient Median % of RNI % <LRNI 

Vitamins   
Vitamin A 73 18 
Riboflavin 98 22 

Minerals    

Iron  55 49 
Zinc 79 16 

Iodine 65 28 
Selenium 66 41 

Adapted from (PHE, 2020a). 

1.14 Micronutrient deficiency and sub-optimal intakes impact on 

health. 

There are 29 known essential micronutrients (Stevens et al., 2022) required 

by the body in tiny amounts, not all have a DRV, but all are required for 

optimal health. A diet aligned with the UK government food based dietary 

guidelines as depicted by the Eatwell guide should provide sufficient 

micronutrients in the diet to support health. However, adherence to the nine 

dietary recommendations of the Eat well guide was found to be low in the 

UK with majority meeting 3 or 4 of the recommendations (Scheelbeek et al., 

2020). This section will focus on iron, iodine, and zinc implication to health 

when intakes are suboptimal with or without deficiency amongst adolescent 

girls and adult women. Table 1.11 provides details of the main function of 

these minerals, food sources and methods for assessing status whilst table 

1.12 provides detail for vitamin A and riboflavin. 

1.14.1 Iron. 

Depletion of iron stores leading to ID or IDA can occur due to suboptimal 

dietary iron intakes, increased needs (such as pregnancy), reduced 
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absorption (e.g., chronic inflammation5, competing minerals for divalent 

metal transporters6) Increased losses (e.g., menstruation or blood loss due 

to illness or injury) (Al-Naseem et al., 2021). Adolescents’ girls and adult 

women of childbearing age are at increased risk of deficiency due to their 

high physiological requirements. In the adolescent, the body’s demand for 

iron increases to support growth and development at puberty as well as the 

onset of menses. In the adult women high menstrual losses can deplete the 

bodies iron stores. During pregnancy the requirement for iron is increased 

as total blood volume increases by approximately 1.5 litres  to supply the 

placental vascular bed and to mitigate against blood loss at 

delivery(Chandra et al., 2012). In the UK there is not a recommendation to 

increase iron during pregnancy. If iron stores are replete, plus the reduction 

of iron losses due to cessation of menstruation, this should be sufficient to 

support requirement in pregnancy although some women made need to 

supplement if entering pregnancy with depleted iron stores (DoH, 2008). 

1.14.2 Iron deficiency anemia impact on fetus, neonate, girls, 

and women of childbearing age. 

IDA during pregnancy is associated with fatigue, poor physical performance, 

reduce conative capability and impaired immune function in the 

mother(Abu-Ouf and Jan, 2015a). Women with IDA are at increased risk of 

 
5  Chronic inflammation can induce hepcidin expression independent of circulating iron 

levels (Hortová-Kohoutková et al., 2023). Hepcidin is a hormone and the principal regulator 

of iron homeostasis (Nemeth and Ganz, 2009) it reduces iron absorption by blocking the iron 

transporter, ferroprotein, reducing iron absorption at the duodenum and inhibits the release of iron 

from storage pools to functional pools (Al-Naseem et al., 2021) 

6 Iron and zinc inhibit the absorption of each other at the enterocyte, but the mechanism 

remains unclear (Kondaiah et al., 2019)  
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having a premature delivery, restricted foetal growth, a low birthweight 

neonate (Zhang et al., 2021). In the developing foetus, there is evidence 

that cognitive development of the child is impaired if the mother is ID during 

the final trimester of pregnancy (WHO, 2023). 

1.14.3 Zinc. 

Deficiency of zinc can manifest when dietary intakes are not sufficient to 

meet requirements and is the most common phenomenon for deficiency 

(Grzeszczak et al., 2020a). Good sources of zinc include animal-based 

products, shellfish, breakfast cereals. However co-consumption with foods 

such as legumes, seeds, soy products and whole grains decrease zinc 

absorption if consumed in excess due to the phytates, calcium and 

phosphate content within these foods binding zinc reducing bioavailability 

(Maxfield et al., 2023). Gastrointestinal disease such as malabsorptive 

syndrome Crohn’s disease are a factor in in zinc deficiency  (Grzeszczak et 

al., 2020b). 

Children, adolescents and pregnant women are susceptible to zinc 

deficiency because of their increased physiological requirement to support 

growth and development  (Gibson et al., 2002). Zinc is ubiquitous in the 

human body, being the second most abundant trace metal after iron, with 

the average 70kg human containing 2.3mg (McCall et al., 2000). Zinc is 

essential for many cellular processes as co-factor for>300 enzymes (Huang 

et al., 2015) involved in protein metabolism, DNA and RNA synthesis, 

essential to produce lean tissue (Gibney et al., 2009). Zinc also has a 

function in immune health (Calder, 2020).  
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Deficiency of zinc can impair a child’s growth leading to stunting. Stunting 

is an indicator of zinc deficiency (Roohani et al., 2013). Zinc has a pivotal 

function in immune system in both the innate and adaptive immunity 

(Maares and Haase, 2016), and a role in antiviral immunity by preventing 

viruses from replicating (Calder, 2020). Thus, deficiency can leave an 

individual susceptible to diseases, as the immune system function is 

impaired.  

Diets high in cereal products such as whole grains and low in animal 

products can increase the risk of deficiency. Anti-nutritional factors impair 

Zinc’s bioavailability; they are present in legumes and cereal products. 

Phytates bind zinc, restricting the body’s ability to absorb zinc from food 

sources.    

1.14.4 Iodine.  

Iodine is an essential component of the thyroid hormones, thyroxine (T4) 

and triiodothyronine (T3) required for metabolism, growth and development. 

Deficiency of iodine is the single biggest cause of preventable brain damage 

globally (Brantsæter et al., 2013). The human body contains 15-30mg of 

iodine, predominantly stored in the thyroid (Zimmermann et al., 2008). 

Requirements for iodine are increased by at least 50% in pregnancy and 

lactation to support both mother and child (Brantsæter et al., 2013). 

Deficiency of iodine during pregnancy can impair the fetus’s growth and 

brain development, increase’s risk of stillbirths and abortions (Zimmermann 

et al., 2008). Termed iodine deficiency disorders (IDD) the severity of the 

impacts to health span a spectrum from congenital hypothyroidism to goitre. 

Deficiency of iodine is along a continuum of mild to severe with mild 
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deficiency having adverse implications for health in adolescent and adult 

women which includes impaired mental function (Kapil, 2007).  
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Table 1-11. Function of minerals in the human body, main dietary sources, health implication of deficiencies and methods for assessing status. 

Micro- 
nutrient 

Function Common food sources Content 
(mg/100g) 

Deficiency 
symptoms 

Assessing 
status 

Reference 

Iron Component of: 
1) Haemoglobin - required for oxygen transport. 
2) Myoglobin - required for oxygen storage in 

muscle.  
3) Cytochromes - required for energy production 

and enzymes in immune system function   

Liver, raw, calf 8.0 Iron deficiency 
Anaemia 

Serum ferritin 
Haemoglobin 

volume 

(Gibney et 
al., 2009) Beef, lean 2.1 

Pulses, raw 0.6-11.1 
Whole wheat flour 3.9 
Wheat flour, white 1.5-2.0 

Green leafy vegetables, raw 0.7 – 2.2  

Zinc 1) Present in all tissues.  
Required for: 

1) Synthesis of lean tissue 
2) Metabolism of proteins, carbohydrates, 

energy, DNA and RNA. 

Liver, raw, calf 7.8 Reduction or 
cessation in 
growth. Poor 

immune 
function 

No ideal 
measurement 

for 
assessment 

of status 

(DoH, 2008; 
Gibney et al., 

2009) 
Beef, lean 4.3 

Muscles, boiled  2.1 
Milk, cows 0.4 

Rice, raw polished 1.8 
Green leafy vegetables 0.2-0.6 

Selenium 1) An antioxidant nutrient 
2) Integral for glutathione peroxidase – an 

enzyme that protects against intracellular 
oxidative damage by catalysing the reduction 
of H2O2. 

3) Component of iodothyronine deiodinases 
involved in the conversion of T4 to T3 (T3= 
biologically active thyroid hormone).  

Brazil nuts, kernel only 0.254 Keshan’s 
disease 

Keshan-beck 
disease 

(commonly 
children)  

Plasma or 
whole blood, 

hair and 
toenail 

(DoH, 2008; 
Gibney et al., 
2009; PHE, 

2015; 
Ventura et 
al., 2017) 

Tuna, flesh only, raw 0.093 
Eggs, chicken, yolk, raw 0.059 
Sunflower seeds, toasted 0.051 
Mackerel, flesh only, raw 0.042 

Trout, brown, raw 0.025 

Iodine 1) Essential constitute of the thyroid hormones 
thyroxine (T4) and Triiodothyronine (T3) 

Haddock, flesh only, raw 0.320 Goitre, endemic 
congenital 

hypothyroidism, 
mental 

impairment 

Urinary Iodine 
Concentration 

(UIC) 

(Gibney et 
al., 2009; 

PHE, 2015) 
Milk, semi-skimmed, 
pasteurised, average 

0.003 

Sardines, flesh only, raw 0.079 

Eggs, chicken, whole, raw 0.050 

Yeast extract 0.049 
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Table 1-12. Function of vitamins in the human body, main dietary sources, health implication of deficiencies and methods for assessing status. 

Micro- 
nutrient 

Function Common food sources Content 
(mg/100g) 

Deficiency 
symptoms 

Assessing 
status 

Reference 

Vitamin A Vision, immunity, growth and development and 
differentiation of tissues  

Liver, lamb, raw 17.3 Dryness of the 
conjunctive and 

cornea.  
Night blindness 

Serum 
retinol 

(DoH, 
2008) Carrot juice 11.36 

Carrots, raw 11.76 

Pate 7.32 

Butter, salted 1.06 

Riboflavin Building block of FAD (Flavin Adenine Dinucleotide)  
Required for the metabolism of carbohydrates, lipids and 
protein into glucose for energy metabolism  

Beef, rump steak, barbecued, 
lean 

0.32 Lesions of the 
mucocutaneous 
surfaces of the 

mouth 

Erythrocyte 
glutathione 
reductase 

activity 
coefficient 
(EGRAC) 

(DoH, 
2008) 

Breakfast cereal, shredded 
wheat type with fruit, unfortified 

0.28 

Mushrooms, white, raw 0.27 

Yogurt, whole milk, plain 0.27 

Pizza, cheese and tomato, retail 0.15 
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1.15 Justification of thesis.  

There is a general understanding of the need for information on the 

prevalence and severity of food insecurity in the UK and its impact on energy 

and nutrient intakes across the food security continuum. Whilst there is 

national monitoring of food security (Family Resource Survey) and dietary 

intakes (National Diet and Nutrition Survey) in the UK, the surveys are 

independent of each other. This limits the ability to investigate at a national 

level the effect of household food insecurity on diet quality, energy and 

nutrient intake amongst different population groups in the UK. Furthermore, 

national level surveys do not fully represent all population groups, as such 

targeted surveys to understand the prevalence and severity of food 

insecurity amongst groups not fully represented in such as those in receipt 

of benefits are required.  

Much of the previous research into diet and health inequality in the UK has 

focused on socioeconomic status and indices of multiple deprivation. 

Previous research has shown living in a deprived area or having a lower 

S.E.S is associated with poorer diet, poorer health outcomes and lower life 

expectancy. Research into diet and S.E.S has shown there is a 

socioeconomic gradient, in diet, whereby those with a higher socioeconomic 

status, diet quality is higher, (containing nutrient dense foods such as whole 

grains, fruit and vegetables) compared to those with a lower socio-economic 

status whose diet have been found to be typical energy dense and nutrient 

poor. Although total energy intakes and macronutrient composition of the 

diet are similar across socio-economic status (Darmon and Drewnowski, 

2008) the micronutrient composition of the diet is likely to differ due to the 
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different food types within the diet.  This is of importance because of the 

essential role vitamins and minerals have in all biological processes of the 

human body. Sub-optimal intakes and deficiency of micronutrients have an 

adverse impact to development and health across the life course.   

Therefore relying on S.E.S of IMD as an indicator of food insecurity does 

not allow for the individual experience and change in behaviour for 

mitigating the experience of food insecurity (e.g. change in quality and 

quantity of food)  Hence, there is a need to understand the diet and nutrient 

intakes of those experiencing food insecurity alongside low income 

households to understand similarities and differences in the profile of foods 

consumed compared to food secure and non-low income households.  

Furthermore, using an arbitrary measure of poverty, such as 60% below 

contemporary median income for that year as a proxy for food insecurity is 

contentious. Living in poverty does not always transcribe into the experience 

of food insecurity  (Rose et al., 1998). In the UK, of the 11 million households 

living in relative poverty in 2021/22,15% were food insecure households 

(Francis-Devine et al., 2023).  

Furthermore, the use of indices of multiple deprivation (IMD) as an indicator 

of food insecurity may miss individuals in the least deprived indices 

experiencing food insecurity as IMD categories are derived at the Lower 

Super Output area and not the individual experience of food insecurity.  

The overall aim of this thesis is to understand who is at risk of the experience 

of food insecurity when there is instability in food access due to economic 

constraint or reduced physical access at a time when restrictions were in 
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place on people movements to halt the spread of COVID-19. Additionally, 

we sought to understand the impact of a sudden reduction in income 

amongst households in receipt of UC and how this impacted food insecurity 

and food bank usage.  This thesis also explores diet and nutrient intakes of 

adolescent females and adult women to understand the relationship 

between food security, income, and nutritional security status. Previous 

studies have shown females are more likely to live in poverty compared to 

males and for mothers when money is limited they are likely to make the 

budget stretch by going without themselves which is detrimental to their own 

physical and mental wellbeing (Bennett, 2014)   Furthermore,  females have 

been shown to have lower dietary intakes of micronutrient to males, despite 

in some cases having a higher requirement(e.g. iron) (Derbyshire, 2018).  

The research in this thesis provides a unique view of food insecurity as it 

combines food insecurity measures with usual dietary intakes which we 

hypotheses will enable a greater understanding of the experience of food 

insecurity on the diet and how adaptations to the diet to mitigate the 

experience of food insecurity affect nutritional security. This research 

provides a novel contribution to the field of food insecurity by expanding and 

adding to the literature of food insecurity in the UK but also has an 

international context as the research explores the interconnectedness of 

food security- diet and nutritional security across different population 

groups.   
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1.16 Research Questions: 

Manuscript 1: Research questions. 

1: Does the iron, zinc and diet quality of adolescent females differ 

between younger (aged 11-14 years) and older adolescents (aged 15-

18 years)? 

2: Is there a difference in the iron, zinc and diet quality of adolescent 

females between equivalised household income quintiles?  

3: Does socio-economic status (based on educational level achieved) 

of the main food provider influence iron and zinc intakes of adolescent 

females aged 11-14 years and 15-18 years? 

Hypothesis manuscript 1:   

It is hypothesised the diets of adolescent females living in a lower income 

households will have reduced dietary iron and zinc intakes whilst overall diet 

quality will be lower due to a difference in the types of food included in the 

diet. That as income increase so will iron, zinc and overall diet quality.  

Manuscript 2: Research questions. 

1: Does the risk of food insecurity during the first UK lock down differ 

between income groups? 

2: Are those who were furloughed more likely to experience food 

insecurity during the first UK lookdown compared to those still in 

employment?  



INTRODUCTION 

 

61 
 

3: Are those having to self-isolate because of COVID-19 more likely 

to experience food insecurity compared to those not self-isolating but 

following government movement restriction guidelines. 

4: As the percentage of household income spent on food increases 

the odds of experiencing food insecurity increases compared to 

those who spend a lower proportion of their income on food. 

5: Does the energy, macro and micronutrient composition of the diet 

differ between food secure and food insecure females? 

Hypothesis manuscript 2:  

When there are shocks to the food system and instability for accessing 

foods, population groups not typically thought of as at risk of the experience 

of food insecurity are likely to report being food insecure.  

Population groups already vulnerable to the experience of food insecurity 

will be pushed towards low and very low food insecurity and this will be in 

part caused by those experiencing anxiety or worry about running out of 

food increasing the purchase of lower cost food items to ensure there is 

stock of food. That this increase in purchasing food items suitable for long 

term storage depletes supermarket stocks, creating a need to source 

alternative products which may be higher in cost and as such increase’s 

expenditure of household income on food.  When expenditure on foods 

exceeds 10% of household income this will increase the odds for 

experiencing food insecurity. 

Manuscript 3: Research questions: 
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1. What was the prevalence and severity of food insecurity amongst 

Universal Credit claimants in receipt of the £20 a week up lift in the 

following months after its removal?  

2. Did Universal Credit Claimants perceive they had a greater need for 

support from Food banks after the removal of the uplift compared to 

before? 

3. Does the diet, diet quality and micronutrient intakes of females in 

receipt of Universal Credit differ to the general population?  

Hypothesis manuscript 3:  

It is hypothesised the prevalence and severity of household food insecurity 

amongst universal Credit in the months after the removal of the £20 a week 

uplift will be above the national average for households in receipt of 

Universal Credit and push households towards needing support from the 

Foodbank. It is also hypothesised the prevalence and severity of food 

insecurity will differ amongst household in receipt of Universal Credit 

depending on household composition and employment status. That the 

removal of the £20 a week uprating will impact single adult households the 

greatest as it contributes a greater proportion to overall income.  That the 

diets of females with and income from Universal credit will have a lower 

quality and micronutrient intakes compared to females in the general 

population.  
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1.17 Objectives. 

Study 1 

A data reuse project was conducted using NDNS data to understand the 

dietary iron and zinc intakes of adolescent’s girls across equivalised income 

quintiles (1 = lowest - 5 = highest income).  

Analysis of biomarkers for iron to understand prevalence of iron deficiency 

and the prevalence and severity of iron deficiency anaemia amongst 

adolescents aged 11-14 years and 15-18 years. Calculation of diet quality 

score and the relationship with income. Identification of foods and food 

groups contributing to dietary intakes of iron and zinc. The decision to split 

adolescent females into the two age groups is based on WHO criteria where 

early adolescence is aged 11-14 and late adolescence 15-18 years (Patton 

et al., 2016). Furthermore, energy requirements are lower in the 11–14-

year-olds compared to 15–18-year-olds; however, 11-14 years old have an 

increased requirement for zinc compared to older adolescents (9.0mg d-1 

compared to 7.00mg d-1). 

Study 2. 

Conduct a national computerised survey amongst working aged adults in 

the UK with questions designed to capture characteristic information to 

enable subgroup analysis as well as collection of data related to shopping 

habits and food security during the first UK national “lockdown”. Collect 

dietary data of participants electronically via the LIBRO App. Compare 

energy and nutrient intakes amongst food secure and food insecure females 

in the UK. 
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Study 3. 

Conduct a computerised national survey amongst individuals with an 

income from Universal Credit who received the £20 a week uprating with 

questions designed to capture participant characteristics, shopping habits, 

food security, foodbank usage and their perception of the £20 a week 

uprating on food group intake. Collect 3 or 4 non-consecutive 24-hour 

dietary recalls online hosted by Intake24. Estimate diet quality, energy and 

nutrient intakes and compare to the general population using data from 

NDNS. Identification of the food sources contributing to energy and nutrients 

intakes. 

1.18 Thesis structure. 

The manuscripts in this thesis are presented in the order they were 

conducted. Chapter two contains the published manuscript for the study 

investigating the diet quality and iron and zinc intakes of adolescent females 

in the UK (Appendix C). Chapter three is the published study that 

investigated the Covid-19 pandemic on the food security of working age 

adults in the UK and impact on dietary intakes of females (Appendix D), 

Whilst chapter four is the manuscript in preparation for submission 

investigating the diet quality, micronutrient intakes of females with an 

income from UC and comparison to the general UK population. 

Additionally, this thesis contains a report written during my three-month 

Professional Internship Placement (PIPs) with Chefs in Schools (Appendix 

F) and is an evaluation of head teacher’s perception of Chefs in Schools 

(CiS) provision in their schools as part of CiS engagement strategy. 
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Furthermore, a report written for Henley Grub Hub on the provision of 

surplus foods and the contribution of micronutrient intakes is included in 

(Appendix G). Henley Grub hub used the report in discussion with Coventry 

Council for support in of the Coventry Food Network.
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 MANUSCRIPT 1. INFLUENCE OF INCOME ON DIET QUALITY AND 

DAILY IRON AND ZINC INTAKE: ANALYSIS OF THE NATIONAL 

DIET AND NUTRITION SURVEY OF BRITISH FEMALES AGED 11-

14 AND 15-18 YEARS. 

2.1 Authors contribution  

M.T, LC, SW designed the study. M.T, collated the data from the 

National Diet and Nutrition Survey (NDNS), developed the method for 

preparing the data for analysis, carried out data analysis and produced 

the first draft of the manuscript. LC and SW contributed to the drafting 

and reviewing of the manuscript. 

The published article can be found in Appendix C. 

2.2 Abstract.  

A negative socio-economic gradient exists for diet and health outcomes. 

Since cheaper diets are associated with increased energy and lower 

nutrient density, we investigated the influence of income on iron and zinc 

intakes and overall diet quality for adolescent (DQI-A) females aged 11-14 

and 15-18 years. National Diet and Nutrition Survey (NDNS years 7&8) data 

for iron and zinc intake and overall diet quality was assessed by household 

income quintile across females aged 11-14 and 15-18 years. Equivalised 

household income positively correlated with Diet Quality Index for 

adolescents (DQI-A) (P <0.001). Females aged 15-18 years in income 

quintiles (IQs) 1 and 2, had a greater proportion of respondents with low to 

intermediate DQI-A score compared to higher IQs (P = 0.002). NDNS data 

showed intake was negatively influenced by income amongst females aged 

11-14 years for iron (P = 0.009) and zinc (P = 0.001) with those from the 
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lowest incomes consistently consuming significantly less than those from 

the highest. DQI-A was positively correlated with iron intakes for 11-14 (P = 

0.001) and 15-18 years (P < 0.001). Forty one percent of 15–18-year-olds 

plasma ferritin stores were below the 15 µg L-1 and 21% had some form of 

anaemia. Cereal and cereal products were the greatest contributors of iron 

in all groups. Females in the lowest income groups are at greater risk of 

lower overall diet quality and inadequate iron and zinc intakes. Amongst 

older adolescents there is evidence of iron stores being depleted and 

increased prevalence of anaemia.  

2.3 Introduction. 

Iron and zinc are essential dietary minerals fundamental for growth and 

development (Anderson et al., 2012; Black, 1998). During adolescence, 

defined as the period spanning 10-19 years, females’ physiological 

requirements for both minerals are increased due to the onset of puberty, 

(Gibson et al., 2002) increased growth and energy requirements (Langley-

Evans, 2009) and loss due to menstruation (Jackson, 2011). This, coupled 

with low dietary intakes, can result in a low iron and zinc status (Samson et 

al., 2022). During the adolescent years, zinc accumulates in muscle and 

bone at an increased rate and sub-optimal intakes are associated with poor 

growth and reduced appetite (Langley-Evans, 2009). Adolescent females 

aged 11-14 years have a higher requirement for zinc compared to 15-18 

years old, this may be because of pubertal growth spurt increasing the 

physiological requirement for zinc (EFSA Panel on Dietetic Products, 

Nutrition and Allergies (NDA), 2014).   
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However, evidence suggests that their provision remains inadequate for 

many. The prevalence of anaemia in non-pregnant women in the UK is 

currently estimated at 14% (NICE, 2021) and levels in adolescent girls have 

previously ranged between 10% and 20% (Nelson, 1999).  

Insufficiency of either mineral may negatively impact on adolescent females’ 

physical and cognitive development (Langley-Evans, 2009; Sorhaindo et al., 

2006). Sub-optimal iron intakes have been found to limit female adolescent 

cognitive function and school performance, whilst an increase in iron status 

improved learning (Nelson, 1999; Skolmowska and Głąbska, 2019). This 

implies that deficiency may be felt in the economic potential of adulthood 

(Horton and Ross, 2003).  

Optimal intakes of either nutrient are required to ensure an effective immune 

response against invading pathogens and lessen the severity and duration 

of illness (Calder, 2020, 2013; Maares and Haase, 2016; Maggini et al., 

2010). Iron and zinc deficiency has been shown to be a factor in recurrence 

of childhood respiratory tract infection whilst zinc supplementation in 

children decreases the incidence and prevalence of pneumonia (Calder, 

2020).  

Previous research has shown a decline in diet quality from childhood to 

adolescents and decreasing intakes of fruit, vegetables and milk but 

increasing consumption of sugar sweeten beverages (Caswell et al., 2013). 

This shift in adolescent female’s dietary pattern may negatively impact 

quantity of dietary mineral intake. However, the rate of change in diet quality 

from childhood to adolescent and its influence on iron and zinc composition 
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of the diet may be impacted by parents and caregivers socio- economic 

status (education and employment type) (Desbouys et al., 2020) and/ or 

level of deprivation of the neighbourhood of residence. Furthermore, low 

dietary intakes of both minerals may be influenced by economic status of 

the household.  

Children living in a household with a lower socioeconomic status, where the 

occupation of the parent/care giver is listed as manual are more likely to 

have a daily iron intake below the LRNI compared to children living in 

households where the occupation is managerial or professional (Gibson and 

Sidnell, 2014). Furthermore, adolescents living in a household where 

parental/ caregivers’ educational level (an indicator of socio-economic 

status) is higher, have been shown to a have a better diet quality and 

healthier dietary patterns (Desbouys et al., 2020).  

Whilst living in an area with higher levels of deprivation have been found to 

have higher numbers of fast-food outlets compared to least deprived areas 

(Wise, 2018) and this may make it difficult for adolescents to choose 

healthier options (PHE, 2018).  

Furthermore, increased agency and autonomy at this life stage for decision 

making around food, including frequency of eating out of home (Langley-

Evans, 2009) (Neufeld et al., 2022), dietary preference such as adoption of 

vegetarian or vegan diets (Sergentanis et al., 2021) as well as the influence 

of their peers (Langley-Evans, 2009; Story et al., 2002). Furthermore, the 

local food environment local as wells as food available in the school 

environment are also factors in the diet of adolescent females. Whilst free 
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school meals can be a way to increase intakes of healthy foods (Vik et al., 

2019). Whilst studies in Bristol have shown adolescent living in the most 

deprived areas to have higher consumption of fast food (Fraser et al., 2012).  

However, during lockdown it was found children consumed fewer fruit and 

vegetables especially among poorer groups (Baraniuk, 2020). It is of 

concern that socioeconomic status has been shown to be positively 

associated with micronutrient intake (Novaković et al., 2014) and there is 

evidence for a social gradient between diet quality and health outcome 

(Darmon and Drewnowski, 2015). The ability to provide adolescent females 

with diets that align with nutritional guidelines is negatively impacted by 

household income. Diets more closely aligned with the government dietary 

guidelines may cost up to twice as much as those which are not (Darmon 

and Drewnowski, 2015; Steenhuis et al., 2011). The cost of food may 

negatively influence the diversity of the diet and as such reduce the potential 

for obtaining an optimal quantity of micronutrients in low-income 

households. The price of food is a significant factor in determining 

purchasing decisions for low-income groups (Darmon and Drewnowski, 

2015; Steenhuis et al., 2011), and cheaper diets are frequently associated 

with increased energy density and lower nutrient quality compared to higher 

cost diets (Weichselbaum and Buttriss, 2014).  

A recent report from Public Health England which analysed the National Diet 

and Nutrition Survey (NDNS) for all years found daily iron and zinc intake 

significantly increased with household income for children aged 1.5-3 and 

4-10 years. A trend for increased iron and zinc intake with increasing 
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household income was additionally seen for adolescents aged 11-18 years 

(Bates et al., 2019). 

If females living in households with a lower equivalised household income 

consume lower intakes of iron and zinc and have an overall lower diet 

quality, then it is of importance to identify the barriers to obtaining adequate 

intake of both minerals. The sources of the minerals in the diet as well as 

the eating occasions which are contributing to intakes, such as school 

meals, are required to be known for the development of interventions to 

reduce their risk of deficiency. In this study we therefore set out to establish 

the extent to which iron and zinc intakes and overall diet quality amongst 

adolescent females are affected by household income, parental/ caregivers’ 

socioeconomic status and level of deprivation influence iron, zinc and diet 

quality intakes. This study aims to identify differences in types of foods 

consumed and eating occasions which might indicate potential routes for 

intervention.  

2.4 Materials and methods.  

Data for years 7&8 (2014/15-2016/16) of the UK NDNS rolling programme 

were sourced from the UK Data Service (University of Cambridge, MRC 

Epidemiology Unit, NatCen Social Research, 2021). Years 7&8 were 

chosen as they comprised the most recent version of the survey at the time 

of study and provided values of equivalised household income.  
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2.5 Assigning food and food groups from the NDNS to the Diet 

Quality Index for Adolescents.  

NDNS food level data provides details of the type and quantity of food 

consumed. We used the variables ‘Food name’ and ‘Sub food group 

description’ to assign food groups to the categories laid out within the diet 

quality index for adolescent (DQI-A) as per previous studies (Vyncke et al., 

2013) (Llauradó et al., 2016). The DQI-A is a validated tool comprised of 

three components; dietary quality (DQ), diet diversity (DD) and dietary 

equilibrium (DE) and is based on food groups within the Flemish food based 

dietary guidelines. These are similar to the UK food based dietary 

guidelines. This tool is validated and was used in the HELENA Study which 

assessed the DQI of Adolescents in 10 European cities  (Llauradó et al., 

2016; Vyncke et al., 2013). Milk alternatives were placed within the milk and 

dairy category.  Savoury sauces and pickles, nutrition powders, artificial 

sweeteners and dietary supplements were not included in the analysis. 

2.5.1 Calculation of DQI-A.  

The diet quality index for adolescents was derived by calculating a mean 

score of the 3- or 4-day diet diaries for each of participants for each of the 

DQI-A components: diet quality, diet diversity and dietary equilibrium and 

dividing by 3. Foods were allocated to either a preference group 

(recommended for consumption), an intermediate group or a low nutrient, 

energy dense group and assigned a value of 1, 0 or –1 respectively (Vyncke 

et al., 2013). The diet quality component is aligned with food based dietary 

guidelines and is concerned with making optimal food choices from each of 

the food groups (Vyncke et al., 2013; Llauradó et al., 2016). Food weighting 
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values are multiplied by the quantity (physical weight) of food consumed. 

Results are summed and divided by the sum of total food consumed (g), 

then multiplied by 100. The diet diversity component represents the variety 

of food groups within the diet and is derived by averaging the total weight of 

food consumed and applying serving sizes as previously described 

(Llauradó et al., 2016). A score of 1 is given if weight of food in the 9 

recommended food groups equals or exceeds the recommended serving 

size for that food group, 0 if below the recommended serving size. The diet 

diversity score is summed, divided by 9 and multiplied by 100. Dietary 

equilibrium component is calculated by subtracting the results from ‘dietary 

adequacy’ (which is concerned with meeting minimum recommended 

intakes) from ‘dietary excess’ subcomponents (which is concerned with 

exceeding the upper limits of recommended intakes) and multiplying by 100 

(Vyncke et al., 2013). The higher the score the better the quality of the diet. 

Scores for DQI-A range from -33 to 100. Scores of –33 to 0 typically indicate 

a low diet quality, > 0 to 33 intermediate, >33 to 66 good and > 66 very good 

(Llauradó et al., 2016). We further condensed the values into two groups for 

the purpose of Chi Square analysis. These were -33 to 33% (low) and 33 to 

100% (high). 

2.6 Iron and zinc intake of females aged 11-14 and 15-18 years in the 

UK. 

Person level estimated daily average intake of micronutrients for iron and 

zinc were available for children and adolescents (11-18 years of age). Mean 

values for iron and zinc were compared with age and gender specific 

reference nutrient intakes (RNI) and lower reference nutrient intake (LRNI). 
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Income quintiles (IQ) were created from established equivalised household 

income data provided by the NDNS for children aged 1-18 years in SPSS 

(IQ1 <£12152.43, IQ2 ≥ £12152.43, IQ3≥19230.42, IQ4 ≥£27541.95 and 

IQ5≥£43402.43). We created a separate variable of daily equivalised 

household income by dividing equivalised household income by 365 for use 

in liner regression analysis to understand the relationship between income, 

iron and zinc intakes and DQI-A. The contribution of food groups to average 

iron and zinc intakes were calculated from food level data. This was 

completed for total intakes in addition to separate analyses which examined 

solely those foods consumed in school. For analysis of school intakes, only 

foods which comprised either hot food provision or alternative foods 

purchased on school premises were included. 

2.6.1 Sensitivity analysis “plausible” reporters. 

“Plausible” reporters of energy intakes determined by calculating the Energy 

Intake / Basal Metabolic Rate (EI/BMR) and applying physical activity level 

(PAL) values and cut off points (age dependent). “Plausible” reporters were 

participants with EI/BMR ratio within the cut-off point values as previously 

published (2013). Low reporters were included in the analysis but 

highlighted to indicate caution in interpretation of findings. 

2.6.2 Statistical analysis.  

The statistical analysis was performed using the SPSS Statistical package 

(Version 26.0 and 27.0. Armonk, NY: IBM Corp, Released 2020). Participant 

characteristics are presented as means and standard error of the mean 

(S.E.M). DQI-A results are presented as means ± S.E.M. 
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Linear regression was used to determine whether daily equivalised 

household income predicts DQI-A, and if equivalised daily household 

income and DQI-A predict variance in iron and zinc intakes. Liner regression 

was also used to identify which food groups explained the variance in the 

DQI-A. Chi square analysis was performed to understand if the 

representation of participants with low to intermediate (-33 to 33) and 

intermediate to high DQI-A (>33) scores varied across income quintiles and 

if representation of “plausible” energy reporters differs across income 

quintiles. Normality of the distribution of the food data as grouped by the 

DQI-A tool evaluated using Shapiro-Wilks. Results of all food groups 

indicated non-normally distributed data (P < 0.05). Non-parametric Mann 

Whitney U tests performed for comparison of total weight of food consumed 

within each of the food groups for low to intermediate and intermediate to 

high DQI-A scorers. Results are presented as median with IQR.  

Pearson’s correlation was used to compare DQI-A, dietary mineral intakes 

with plasma ferritin, haemoglobin, and zinc levels.  

The National Diet and Nutrition Survey person level dietary data were also 

analysed, with descriptive statistics computed for each of the population 

groups for the percentage of the population meeting the RNI, percentage of 

the population with an intake below 90% of the RNI and percentage of the 

population with intakes below the lower reference nutrient intake (LRNI). 

Food level data were grouped as per the NDNS results for food groups. 

Normality of the data was determined, and the appropriate parametric or 

non-parametric test conducted. Kruskal-Wallis tests were performed to 
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determine variation between daily iron and zinc intake across different 

income quintiles. Participants were excluded from the analysis for income 

quintiles when a value for equivalised household income was not provided.  

2.7 Results.  

2.7.1 Population characteristics. 

The NDNS data for years 7&8 contained dietary information for 272 females 

aged 11-18 years but only 231 had details of household income (mean age 

14.7 ± 0.15 years), of which 11-14 olds accounted for 47.8% (12.6 ± 0.10 

years)- and 15–18-year-olds 52.2% (16.6 ± 0. 1 years). Participants without 

details of equivalized household income were excluded from the analysis 

when comparing income groups, dietary iron and zinc intakes and diet 

quality. The largest proportion of the respondents living in the most deprived 

areas of the UK were from the lowest income quintile (IQ1; 36.6%), whilst 

the largest proportion in the least deprived areas were those with the highest 

income (IQ5; 32.4%). Amongst females aged 11-14, 26.1% of those in IQ1 

lived in the most deprived areas of the UK and 27.3% of IQ5 lived in the 

least deprived areas, whilst for females aged 15-18 years these proportions 

rose to 47.6% and 40.0% respectively. 

2.7.2 Interaction between age groups - equivalised 

household income and dietary iron and zinc 

intakes. 

A 2-way Anova did not reveal a significant interaction between equivalized 

household income and the two ages group on mean intake of daily dietary 

iron (P = 0.07). There was however for zinc (P = 0.042) although no 
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significant difference in the mean zinc intakes by age group (P = 0.154) but 

there were significant differences between equivalised household income 

levels (P =0.015).  

2.7.3 Overall Diet Quality. 

All diet quality assessments varied positively with income and typically the 

food groups consumed in a greater quantity by those with a higher DQI-

score were from the food groups associated with a higher micronutrient 

composition such as ‘fruits’ explaining 10% of the variance (F(1,229)=23.92 

(P < 0.001),  ‘vegetables’ explaining 28% of the variance (F(1,229)=88.45 

(P <0.001), ‘milk products’ explaining 11% of the variance (F(1,229)=27.84  

(P <0.001), ‘bread and cereals’ explaining 7% of the variance (F 

(1,229)=16.89 (P < 0.001), whilst those associated with a higher energy 

content such as ‘snacks and candy’ and ‘sugared drink and fruit juice’  did 

contribute 0% and 2% to the variance in DQI-A (F((1,229)=0.084 (P = 0.773; 

(F((1,229) = 4.26  P = 0.04 respectively).  The food groups remained similar 

when broken down by age group with 11–14-year-olds with a higher DQI-A 

score consuming a greater weight of food from the food groups listed above 

and this was mostly the same for 15-18–year-olds.  

2.8 Representation of participants with low or high DQI-A between 

the income quintiles. 

The DQI-A (ranges from -33 to 100% (Llauradó et al., 2016) was 38.7 ± 0.92 

on average across the population. When separated into age categories, 

DQI-A was 39.3 ± 1.2 and 38.2 ± 1.4 for 11–14-year-olds and 15-18-year-

olds respectively. DQI-A varied considerably from -5.78 up to 72.74 and this 
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range was present in all income quintiles. Chi Square analysis of the data 

for all females found that having a low to intermediate (-33 to 33%) or 

intermediate to high DQI-A (>33%) was moderately dependent on income 

quintile (Cramer’s v = 0.307). A greater proportion of females in IQ1 and IQ2 

had a DQI-A score of 33% or below (40.9% and 49.0%, respectively) 

compared to IQ3 (32.6%), IQ4 (25.0%) and IQ5 (5.4%; P <0.001). This was 

predominantly driven by outcomes for 15-18-year-olds (P = 0.002; Cramer’s 

v = 0.379) as the association was not significant for the 11-14s (P = 0.282). 

In the older group, the proportions below DQI-A of 33% rose to 47.6% and 

55.9% for IQs 1 and 2 (P = 0.002).  

2.8.1 Relationship between equivalised household 

income and diet quality component (DQc) of 

DQI-A. 

The dietary quality component of DQI-was low for both 11-14 (15.3 ± 2.85%) 

and 15–18-year-olds (11.6 ± 3.13; Range = -100 to +100). Income was 

directly associated with DQc (P = 0.001; β 0.216). For every £1 increase in 

weekly equivalised household income DQc increased 0.135%. Income was 

not a predictor of DQc for females 11-14 years (P = 0.293; β 0.057) but was 

for 15–18-year-olds (P < 0001, β 0.221) with every £1 increase in income 

resulting in an increase of DQc of 0.221%. 

2.8.2 DQI-A and weight of food consumed within 

food groups.  

For those with a low to intermediate DQI–A score (n = 73) their diets 

predominantly comprised a lower weight of fruits (26.3g, IQR 105.3g) 
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compared to intermediate to high DQI-A score (n =158; 112.3g, IQR 149.4g; 

P < 0.001). They also consumed fewer ‘vegetables’ (39.1g, IQR 54.2g vs 

84.3g, IQR 84g; P <0.001), ‘milk products’ (75.0g, IQR 112.2g vs 156.3g, 

IQR 170.1g; P<0.001), ‘bread and cereal’ (94.3g, IQR 54.5g vs 114.6g IQR 

83.5; P = 0.002) and ‘fats and oils’ (5.3g, IQR 9.6g vs 9.7g, IQR 10.5g; P = 

0.016) compared to intermediate to high DQI-A scorers. The food groups 

‘sugared drinks and fruit juice’, ‘snacks and candy’, ‘potatoes and grains’ 

‘meat, fish and substitutes were all consumed in similar amounts between 

the DQI-A groups (P = 0.703; P = 0.871; P = 0.628; P = 0.912 respectively). 

The pattern was similar for both age categories with 11-14 low DQI-A 

consuming lower quantities of vegetables (44% less), fruits (67% less), 

‘meat, fish and substitutes’ (17% less) and milk products (58% less) than 

high DQI-A and for 15-18-year-olds these values were 59%, 72% and 39% 

for vegetables, fruit and milk products respectively (P < 0.001). It was 

additionally of note that 15-18-year-olds in the low DQI-A group consumed 

36% more free sugars than those from the higher DQI-A group (P = 0.004). 

2.9 The influence of household income on iron, zinc and energy 

intake in UK female adolescents.  

2.9.1 Iron. 

Iron intakes of females aged 11-18 years were frequently below the RNI 

(Figure 2.1A & B dashed line). For those between 11-14 years (n = 130) 

98% had an iron intake below the RNI (14.8mg/d) with 52% being below the 

LRNI (8.0 mg/d), whilst for females between 15-18 years, (n = 142) 58%, 

were below the LRNI, with 96% below the RNI (Figure 2.1E). 
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Daily iron intakes differed significantly across income quintiles (IQ) for 

females aged 11-14 years (P = 0.009) with those in IQ5 (61% of RNI) being 

significantly higher compared with IQ1 (just 42% of RNI; P = 0.014) and IQ3 

(39% of RNI; P = 0.005). The IQ4 group (53% of RNI) consumed more than 

IQ3 (P = 0.035) and intake in IQ2 was considerably higher than for those in 

the adjacent quintiles (37% higher than IQ1 - P = 0.039 and 44% higher 

than IQ3 - P = 0.024). Females aged 15-18 showed similar intakes across 

income quintiles.  

Plasma ferritin concentrations were generally in the normal range (41 – 400 

µg L-1) but were 27% lower in the 15-18 years group compared with the 11-

14s (P = 0.02; Table 2.2). The proportion of 11-14s who fell below the 15 

µg L-1 threshold indicator of low iron stores (WHO, 2011a) was 10% but 

amongst the older girls (15 – 18yrs) this reached 41%. Haemoglobin levels 

exceeded 120 g L-1 for the majority, however, 21% of females aged 15-18 

years had some form of anaemia, with 14% showing mild (haemoglobin 

level between 110-119 g L-1) and 7% moderate anaemia (haemoglobin 80-

109 g L-1). 

DQI-A scores showed a significant positive relationship with iron intakes (β 

0.303, P < 0.001) with every 1% increase in DQI-A resulting in a 0.066mg 

increase in iron for all participants. This was similar for 11-14 (β 0.301, P = 

0.001; 0. 069mg increase per 1% DQI-A) and 15-18-year-olds (β 0.306, P 

=0.001). Neither ferritin nor haemoglobin correlated with DQI-A scores in 

either group. 

2.9.2 Zinc. 
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Zinc intakes were low in both age groups (Figures 2.1C & D) with 39% of 

females aged 11-14-years and 13% in the 15 – 18 years category having a 

zinc intake below the LRNI (5.3 mg d-1; Figure 2.1E). Only 11% of 11–14-

year-old girls achieved the RNI for zinc (9.0mg/d), whilst 68% of 15-18 years 

group were below their respective RNI (7.0mg/d) (Figure 2.1E).  

The zinc intakes of females aged 11-14 years also differed with household 

income (P = 0.001; Figure 2.1C), with those in quintile 1 being the lowest. 

This group showed a lower consumption (55% of the RNI) compared with 

IQ2 (81% of RNI; P = 0.026) and IQ5 (75% of RNI; P = 0.004). Similar to 

the findings for iron intake, 11–14-year-old females in IQ2 consumed 

significantly more zinc than those in the adjacent quintiles (32% higher than 

IQ1 - P = 0.026 and 40% higher than IQ3 – P = 0.026). Zinc intake did not 

differ with income quintile in the 15-18 years group (Figure 2.1D). 

Daily zinc intakes were positively associated with DQI-A in all (β 0.373, P < 

0.001), with 0.061mg (β 0.390 P < 0.001) and 0.071mg (β 0.306 P < 0.001) 

increases for each 1% increase in DQI_A (11-14 and 15-18 respectively). 

2.9.3 Energy intake.  

Females aged 11-18 years with values for body weight and equivalised 

household income were included in the analysis (n = 225) to identify 

“plausible” and “non-plausible” reporters of energy intakes (kcal). In total, 

43.6% of females did not have a “plausible” energy intake. When analysed 

by age range, 37.3% of 11-14-year-olds (n = 110) and 50% of 15-18-year-

olds (n =115) did not have “plausible” energy intakes. There were no 
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differences in reporting reliability across income quintiles for either age 

group (P = 0.156, P = 0.252 respectively) (Table 2.1).  

2.9.4 Contribution of different foods to iron and zinc 

intake.   

Foods which had the greatest contribution to daily iron intakes were cereal 

and meat based (hereafter referred to as cereal and meat products; tables 

2.3 and 2.4), with meat contributing an increasing proportion in older groups 

(P < 0.001; tables 2.6 & 2.7). These, in addition to vegetables, vegetable 

products and potatoes (hereafter vegetable products) and milk products 

were significant contributors to zinc intakes.  

2.10 Females aged 11-14 years.  

2.10.1 Iron. 

Most of the iron intake in females aged 11-14 years was from cereal (52%), 

meat (14%) and vegetable products (12%; table 2.3). Flour containing foods 

contributed ~35% of the total iron intake whilst breakfast cereals, consumed 

by 62% of participants, contributed 16%. Although neither the quantity nor 

proportion of daily iron intake from breakfast cereals differed across income 

quintiles (P = 0.077 & P = 0.699 respectively) the total quantity of cereal-

based products consumed did (P = 0.001; table 2.5). Of note, females in 

IQ2 consumed more than those in IQ1 (P = 0.047) and IQ3 (P = 0.001). 

Meat products were consumed by 98% of respondents and no differences 

in intake were observed between quintiles for either meat or vegetables. We 

estimated the bioavailable iron from each participant’s diet by assuming that 

the absorption of iron from vegetable sources would be 10% of intake and 
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that from animal sources (all assumed to be haem iron – meat and fish) 

would be 25% (Fairweather-Tait, 1992). For those who met the 1.4 mg day-

1 threshold indicated as necessary for females of 11 – 18 years old (DoH, 

2008), the iron derived from meat and fish was approximately 30% higher 

than for those who fell short of this level (P = 0.026).  

2.10.2 Zinc. 

Meat (31%) and cereal products (31%) were the main contributors to zinc 

intake with milk products providing most of the remainder (16%; table 2.4). 

The percentage contributions of food groups did not vary greatly between 

those achieving the 9 mg RNI, however when individuals were separated 

according to those who achieved 7mg (the RNI for all older age groups) and 

those who did not, then milk was shown to provide a significantly higher 

proportion of zinc (32% higher; P = 0.013) than for those below the 7mg 

threshold.  

2.11 Females aged 15-18 years.  

2.11.1 Iron. 

Iron in 15 – 18-year-old females was again predominantly derived from 

cereal (46%), meat (17%) and vegetable products (15%; table 2.6). All 

participants reported consuming some form of meat. Again, 35% of daily 

iron intake was contributed by flour containing foods. Just 50% reported 

eating breakfast cereals. This resulted in only 12% iron provision by 

breakfast cereals. Iron provision from meat and fish combined were similar 

between those achieving the predicted 1.4 mg day-1 threshold compared 
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with those below this level (P = 0.485). The proportion of iron obtained from 

meat was 23% greater than for the 11-14 age group (P < 0.001). 

2.11.2 Zinc. 

The largest contributor to zinc intake in 15–18-year-old females was meat 

(35%; table 2.7). Although this did not differ overall by income, the quantity 

of zinc derived from burgers and kebabs did, being significantly negatively 

associated with income level (P = 0.026). Cereals, milk and vegetables 

provided between 11% - 18% each. Vegetable consumption was positively 

associated with income (P = 0.028). Those who consumed less than the 

7mg RNI, obtained a significantly greater proportion (18% higher; P = 0.029) 

of their zinc intake from cereal products compared with those whose intakes 

exceeded 7mg.   

2.12 Contribution of school foods to iron and zinc intakes. 

For many, particularly those on low incomes, school food provision would 

potentially contribute greatly to dietary intakes of critical nutrients. We 

therefore determined the intake of iron and zinc from school provided meals 

for 11-18-year-olds. Of the respondents who recorded diet diary days during 

school time, we found that across all ages, 45% consumed school provided 

meals of which 78% were cooked. The proportions of children consuming 

school meals were similar across income groups. Half of the girls who 

consumed school meals obtained around 25% (26.2% of total; IQR 18.4% 

- 35.3%) of their daily iron intakes from them, while for zinc, this was slightly 

higher at 30.2% of total intake (IQR 24.3% - 43.9%). School meals should 

provide 35% of requirements (Mucavele et al., 2013) and we found that this 
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was the case for just 17% and 20% of girls for iron and zinc respectively 

across all age groups.  

2.13 Impact of education and gender of main food provider.  

Whilst higher levels of education are usually associated with higher 

household income and better diets, we found no evidence of a difference in 

the iron and zinc intakes of females 11-14 (P = 0.788, P = 0.487 

respectively) and 15-18 years (P = 0.962, P = 0.872 respectively) when 

living in a household where the main food provider had a degree (n = 38, n 

= 32 respectively) compared to those who did not (n = 74, n = 76 

respectively). Gender of the main food provider also was not associated with 

iron and zinc intakes in both age groups (11-14 years iron P = 0.397, zinc P 

= 0.460; 15-18 years iron P = 0.164, zinc P = 0.413). 

2.14 Household income source.  

Very few respondents were solely dependent on benefits (n = 20), whilst 

there were a number who received benefits in addition to income from 

employment (n =171). Because of the low numbers of the benefits only, both 

age groups were combined. Whilst females living in a household with 

income from employment had a numerically greater iron intake (8.23 ± 024 

mg d-1) compared to females living in a household with income solely from 

non-working sources (7.78 ± 0.58 mg d-1) this was not significant (P = 0.539) 

and this was similar for zinc (employment 6.29mg ± 0.17 mg d-1, solely 

benefits 5.75 mg ± 0.36 mg d-1; P = 0.289). 
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2.15 Discussion  

Iron and zinc deficiency continues to be of concern for many children in the 

UK. Our data indicated a decrease in iron and zinc from food sources 

amongst females aged 11-18 years compared with observations from 

previous years particularly amongst the older females (Weichselbaum and 

Buttriss, 2014). We found, similar to previous work,  (Weichselbaum and 

Buttriss, 2014) that income influenced iron and zinc intake with those in the 

lowest income quintile most frequently consuming the least. We also 

showed that diet diversity was compromised in those from lower incomes, 

particularly for older adolescents. These observations suggest that there 

may be a considerable number of disadvantaged children who not only 

consume low quantities of iron and zinc but may be further compromised by 

the composition of the foods that can be afforded. 

2.15.1 Intake levels. 

Dietary iron and zinc intakes for females aged 11-14 and 15-18 years were 

low compared to the RNI and for many were below the LRNI, indicating that 

iron intake was insufficient to meet requirements at a time when the 

physiological demand to support growth and development is at its greatest 

(Jackson, 2011). The RNI is set at 14.8 mg d-1 for females aged 11-18 years 

and for non-menopausal women, to account for a typical daily iron loss of 

0.8 mg d-1, with an additional 0.6 mg d-1 due to menstruation, in the face of 

a bioavailability of iron from food sources of approximately 10% (Gibney et 

al., 2009). Therefore, for females to remain iron replete there is a 

requirement for 1.4 mg of iron to be absorbed from the diet daily (Gibney et 

al., 2009). Dietary iron intake for 11-14- and 15–18-year-olds was half of the 
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RNI, indicating suboptimal intakes which, if sustained, could lead to 

depletion of iron stores and anaemia. We found 10% of females aged 11-

14 years had plasma ferritin levels below 15µg L-1, potentially indicating low 

iron storage, although this may be more reflective of stores being utilised to 

support growth and development (Jackson, 2011) particularly since 

haemoglobin levels were normal in this group (Table 2.2). However, a large 

proportion (41%) of 15-18-year-old females had plasma ferritin levels < 15 

µg L-1 with 21% of them having haemoglobin levels indicative of anaemia. 

Sustained suboptimal iron intake and increased physiological requirements 

may have resulted in development of anaemia in a subset of the 15–18-

year-old girls in in this age group. Other factors which may contribute to 

anaemia, including B12 and folate intake and clinical factors, such as 

thalassemia, inflammatory conditions and haemolysis were not considered 

in this study, but they represent far less frequent causes of anaemia than 

low iron intake. Iron deficiency in the absence of anaemia can have adverse 

consequences on mental capacity and immune health (The Department of 

Health, 2013) and importantly, adolescents entering the reproductive years 

may not have sufficient iron stores to support the increased demand during 

pregnancy, estimated at 4-6 mg daily (Gibney et al., 2009). The frequency 

of anaemia in pregnancy has been recorded at levels as high as 46% in 

some UK cohorts (Nair et al., 2016; Pavord et al., 2020) representing a 

significant health risk for the mother and developing child (Abu-Ouf and Jan, 

2015b) and it seems likely that those individuals who have been exposed to 

moderate iron deficiency during their teenage years, would likely comprise 

a significant proportion of this anaemic cohort. 



MANUSCRIPT 1 

 

88 
 

The bioavailability of iron differs considerably between animal and plant-

based foods. Iron from animal products is more bioavailable as it is in the 

form of haem iron, of which 25-30% is absorbed via the intestinal haem 

carrier protein 1 (HCP1 or SLC46A1). Iron from plant-based foods is 

predominantly in the form of Fe3+ which must be reduced to Fe2+ to enable 

its absorption through the divalent metal transporter 1 (DMT1 or SLC11A2). 

Consequently, only between 1 and 10% of the iron derived from plant 

sources is absorbed (Skolmowska and Głąbska, 2019). Zinc and iron are 

additionally impacted when acquired from plant-based sources, due to the 

presence of phytic acid which binds divalent ions, thereby inhibiting their 

absorption (Maares and Haase, 2020). Therefore, diets high in plant 

material can potentially have a significant negative impact on iron and zinc 

status even if they contain them in relatively high concentrations. 

Consumption of anti-nutritional factors was not analysed in this report, 

principally due to the dearth of reliable food level data but is a factor which 

needs be considered in future work to help gain an understanding of the 

relative impact on status that this may be having in the UK population. 

Zinc intake was below the RNI for a large proportion of both age groups 

(78.3% of all females). We found a significant negative association between 

intake and household income (Figure 2.1), contrary to findings for previous 

NDNS cohorts (Thane et al., 2004) which reported no effect. Household 

inequality has been approximately stable over the last decade but was more 

volatile prior to 2010 (O’Neill, 2020), increasing sharply in non-retired 

households from 2002 to a peak in 2008 just before the economic downturn. 

The negative effect of declining household income on the ability of families 
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to adequately feed their children is well documented (French et al., 2019; 

“Marmot Review report – ’Fair Society, Healthy Lives | Local Government 

Association,” 2019; Scott et al., 2018). Differences observed between 

income quintiles for intake in females for both age groups for both iron and 

zinc, therefore, may reflect a negative impact of early life exposure to 

inequality. Previous data which did not find an association with household 

income (Thane et al., 2004) is derived from individuals who were living 

through a period of relative stability in the level of inequality (~1987 – 1997). 

It is of note that children who comprised the 11-14 years cohort in the 2014-

2016 NDNS survey would have ranged from 0 – 2 at the start of the steep 

rise in inequality. It is possible that discrepancies in consumption may link 

to economic challenges occurring at the very start of their lives. 

2.15.2 Underreporting. 

Underreporting was widespread and was particularly high for 11–14-year-

old females in IQ1 and IQ3 where 48% and 55% had “non-plausible” energy 

intakes. It has been shown that adolescent females are more likely to 

underreport energy intakes, particularly those with a higher BMI. Factors 

such as forgetfulness, eating meals outside of the home and being 

conscious of body weight and image impact reporting reliability (Livingstone 

et al., 1992)and this is particularly stark for adolescent females as up to 49% 

of respondents’ energy intakes are low compared to estimated Basal 

Metabolic Rates (BMR) (Robinson et al., 1999).  

The underreporting will have inevitably skewed data in our study to indicate 

a higher proportion of individuals consuming below the RNI. However, there 
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would remain a significant proportion of girls aged 11-18 years studied who 

were marginally deficient for iron. This was evident from the numbers of girls 

aged 15-18 years with haemoglobin levels below the cut off point for 

diagnosis of anaemia. Whilst for 11–14-year-olds haemoglobin levels were 

above the threshold for anaemia, 10% had depleted serum ferritin stores, 

increasing to 41% in 15-18-year-olds. These values, whilst in of themselves 

are not the best indicators of status, do support the outcomes of low 

consumption levels seen in the dietary data. 

2.15.3 DQI-A Outcomes  

The results from our study found DQI-A for females aged 11-18 years 

overall, was 38.7% indicating average adherence to food based dietary 

guidelines. The results for DQI-A in this study are slightly higher compared 

to a previous published study which reported DQI-A of 31.4% for adolescent 

females (Llauradó et al., 2016). Overall females in highest income quintile, 

DQI-A score was greater than those in the lowest (47.9 % compared to 35.1 

% respectively) and this was particularly pronounced amongst 15-18 years 

olds where DQI-A of females with the lowest income quintile was 16 percent 

lower compared to the females in the highest income quintile. Foods 

typically thought of as nutrient dense and low energy were consumed in 

lower quantities among females aged 15-18 years with a DQI-A score below 

33% compared to those with a DQI-A above 33%, indicating that diets 

among girls in this age group in lower income quintiles are worse compared 

to their higher income peers. This was supported by the observation that 

free sugar consumption in those with a low DQI-A was higher than in high 
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DQI-A, and likely a consequence that these girls are making more 

autonomous dietary decisions.  

2.15.4 Food contributions. 

The food group which contributed the greatest proportion of dietary iron was 

cereal products. Of these, the main single contributor was flour (~36% for 

11-14 years and ~34% for 15-18 years). This would suggest that flour 

contributed ~34% of the total iron intake with breakfast cereals providing 

another 17%. Of the remainder, around 28% was from meat and vegetable 

products. This highlights the value of appropriate fortification of flour and of 

consuming breakfast cereals which was not universal in these cohorts. The 

relative contribution of breakfast cereals to iron intakes suggests that those 

choosing not to consume them are at significant risk of falling further short 

of the recommended intake levels. It should also be noted that not all 

breakfast cereals are fortified equivalently, so there may be some value in 

standardisation of cereal fortification to help ensure their ability to enable 

adequate iron intakes. 

We noticed a higher contribution (30%) to dietary iron from meat and fish in 

11–14-year-old females able to achieve their iron intake requirements 

compared with those who were not. The widespread consumption of meat 

across the whole population would suggest that provision of iron from meat 

sources might represent a viable strategy for increasing iron levels, 

particularly for those who do not consume breakfast cereals. This may be 

particularly pertinent for females aged 15-18 years as meat contributed a 

significantly higher proportion of iron for them than for the younger group. 
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An important barrier to this would be cost. However, meals made from 

cheaper ingredients, whilst potentially lower in iron concentration, could still 

provide a cost-effective alternative. Females from lower income quintiles in 

the 15–18-year age group obtained proportionally more zinc from burgers 

and kebabs than those from the higher quintiles. A larger proportion of these 

teenagers may therefore be making their own dietary choices outside of the 

home than those from the wealthier backgrounds. This is likely to impede 

successful interventions aimed at improving diet quality and diversity as the 

routes of successful communication will be more limited.  

2.15.5 Food cost.  

The cost of foods influences the types purchased and diets aligned with 

government recommendation are more expensive than those which are not 

(Scott et al., 2018). Additionally, food cost is also a factor in the food security 

of households, especially if available foods are not affordable (Lee et al., 

2013). Availability and affordability of foods and household food security has 

recently received attention due to the Covid-19 pandemic which resulted in 

panic buying of staple foods reducing the availability of lower cost food items 

(Power et al., 2020, p. 19). This reduced the size and quality of the diet of 

low-income households and increased food insecurity as they do not have 

the disposable income to purchase foods in bulk or to purchase higher cost 

alternatives. During Covid-19 schools were closed and the safety net of 

school food removed, although families of children eligible for free school 

meals (FSM) were supported with a £15 voucher per week to provide lunch 

for their child. However, for many other families on low income but not 

entitled to FSM, they had to bear the burden of increased food cost and 
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increased quantities of food to be purchased to cover the meals not 

provided at school.  

When the percentage of the population with an intake below LRNI exceeds 

5% it may be a public health concern as clinically relevant deficiencies may 

occur (Derbyshire, 2018). This was highlighted in the SACN Iron and Health 

report (Jackson, 2011), which found toddlers, girls and women of 

reproductive age to be at increased risk of iron deficiency anaemia. This 

was particularly apparent if they were from low-income groups (Jackson, 

2011). Greater provision therefore needs to be made for those in low-

income groups to support adequate iron and zinc nutrition during childhood 

with greater emphasis placed on mechanisms which allow provision of 

important micronutrients. Novel mechanisms to facilitate access to and 

consumption of iron and zinc rich foods in children, particularly those from 

lower income households, are required with some urgency.  The cost-of-

living crisis has seen energy, fuel and food cost all increase in recent times 

(since late 2021) and disposable incomes decrease. Low-income 

households experience higher inflation compared to wealthy households 

(Hourston, 2022) and whilst there are government strategies in place to help 

reduce the burden such as the cost-of-living support from May 2022 (HM 

Treasury, 2022) These are one off payments. The increase to Universal 

Credit during the Covid-19 pandemic provided households with a steady 

source of income and the removal of the uplift in October 2021 left many 

worried they would not be able to feed their families and rely on coping 

strategies such as reducing quantity of food consumed and feeding children 

before adults (Trussel Trust, 2021), all of which may have negative impacts 
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on the diet quality and micronutrient intakes of the most vulnerable 

population groups.  

2.16 Conclusion.  

The overall diet quality of UK female adolescents in the lowest income 

quintiles is notably worse than for their higher income peers and this 

negatively impacts the quantity of iron and zinc consumed. Furthermore, 

there is evidence for decreasing plasma ferritin and increasing prevalence 

of anaemia as females enter their late teen years. Persistent low intakes in 

the face of high physiological requirements will compound the prevalence 

of deficiency and adverse health outcomes associated with sub-optimal 

micronutrient intakes often seen in lower income groups. Interventions are 

required to increase iron and zinc intakes in female adolescents across all 

income quintiles with an emphasis on ensuring diets aligned with 

government dietary guidelines are accessible and affordable for all to 

ensure micronutrient intakes are adequate for the avoidance of ‘hidden 

hunger’ in the lowest income groups in the UK. Notably, we show that 

increasing income has a direct positive effect on DQI-A which in turn 

positively impacts iron and zinc intakes. School food is a good vehicle for 

the promotion of healthy diets and therefore, represents a potential avenue, 

outside of direct financial support, for improving health outcomes in 

adulthood and future generations as adolescent females enter the 

reproductive years.  

2.17 Limitations. 

This study investigates differences in iron and zinc intakes of adolescent’ 

females aged 11-18 years across equivalised income quintiles. Although 
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equivalisation of income takes into consideration household size and 

composition and makes for a more meaningful comparison across 

household types and allows for analysis at the individual level (An Phriomh-

Oifig Staidrimh, 2023). It should be noted all people that live in the 

household contribute to overall income and as such when analysing 

individual characteristics this should be taken into consideration. Although 

equivalisation of income is a validated method for measuring poverty and 

social exclusion indicators, other factors could influence dietary iron and 

zinc intakes. Therefore, the findings from this study should be interpreted 

with caution as the results were not adjusted for confounding factors such 

as socio-economic status (e.g., educational level, occupational status), or 

ethnicity or may have influenced iron and zinc intakes. It is has been 

previously shown different dimensions of socio-economic status are factors 

in type of diet consumed with lower educational or occupational S.E.S 

associated with poorer quality diets (Azizi Fard et al., 2021;Galobardes et 

al., 2001). Ethnicity is related to dietary patterns (Rashid et al., 2018) and 

may influence iron and zinc intakes depending on the types of food included 

in the diet. Despite the limitations, this study highlights iron and zinc intakes 

of adolescent females are below recommendations across all income 

groups but those in the lowest income quintile are disproportionally 

represented for dietary iron and zinc intakes below recommended reference 

nutrient intakes.  
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Table 2-1 Percentage of females aged 11-14 and 15-18 years with “non-plausible” energy intakes and summary description of weight, BMI and food energy 
intake from the National Diet and Nutrition Survey (NDNS) by income quintile. 

Females    Income Quintile 

 Age 
(years) 

Total 
population 

1 2 3 4 5 P 
value 

Number of “non-plausible” energy (kcal) 
reporters 

11 - 14 41 (37) 11 (48) 5 (31) 12 (55) 7 (25) 6 (29) 0.156 

(%) 15 - 18 57 (50) 11 (58) 17 (50) 5 (26) 16 (57) 8 (53) 0.252 

    
Weight (kg) (S.E.M) 11 - 14 52.5 (1.36) 51.3 (3.49) 50.7 (3.77) 52.3 (2.57) 52.6 (2.33) 55.1 (3.52) 0.838 
 15 - 18 64.0 (1.24) 66.8 (3.73) 62.9 (1.97) 57.7 (2.26) 65.5 (2.75) 67.9 (3.37) 0.131 
    
BMI (S.E.M) 11 - 14 21.1 (0.46) 21.1 (1.04) 20.6 (1.37) 21.6 (0.94) 20.7 (0.87) 21.7 (1.21) 0.631 
 15 - 18 23.8 (0.44) 24.8 (1.32) 24.1 (0.79) 21.1 (0.66) 24.2 (1.01) 24.6 (0.82) 0.052 
     
Total energy diet only (kcal) (S.E.M)  11 - 14 1165 (41.03) 1096 (86.12) 1238 (144.23) 1047 (80.17) 1321 (55.29) 1283 (42.38) 0.118 

15 - 18 1225 (35.32) 1207 (83.24) 1224 (74.62) 1189 (85.76) 1250 (68.06) 1223 (87.28) 0.992 

Number of respondents with a “non-plausible” total food energy (kcal) intake. Results are shown as mean and S.E.M for Total food energy (kcal) for “non-plausible” reporters. 
BMI and weight (kg) are shown as mean and S.E.M for total population with valid weight and equivalised income. Number of participants included in analysis females 11-14 years 
(n = 110), IQ1 n =23, IQ2 n =16, IQ3 n = 22, IQ4 n = 28, IQ5 n=21. Females 15-18 years (n =115), IQ1 n =19, IQ2 n =34, IQ3 n = 19, IQ4 n = 28, IQ5 n=15 
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Table 2-2. Plasma ferritin and haemoglobin, in females 11-14 and 15-18 years and by income quintile   

 Total IQ1 IQ2 IQ3 IQ4 IQ5   

Age 
(years) 

N Mean S.E.M n Mean S.E.M n Mean S.E.M n Mean S.E.M n Mean S.E.M n Mean S.E.M P value 

Plasma Ferritin (µg/L)                                 
11-14  39 31.13 2.135 10 34.80 4.328 3 38.33 12.875 3 38.33 7.333 11 25.82 3.590 7 35.14 4.183 0.366 
15-18  39 22.77 2.806 6 22.00 4.830 7 19.71 5.826 5 22.20 4.164 9 31.56 9.567 5 22.60 5.325 0.757 

Haemoglobin (g/L)                                    
11-14  41 134.71 1.146 11 135.82 2.053 3 132.67 0.882 4 136.75 4.366 12 132.58 2.924 6 136.00 1.807 0.786 
15-18  42 129.74 2.002 6 133.17 2.272 8 128.13 1.726 4 123.75 8.290 9 132.56 4.285 7 134.57 3.497 0.244 

 

 

 

 

 

 

 

 

 

 

 

 

 



MANUSCRIPT 1 

 

98 
 

Table 2-3. Percentage contribution of food and food groups to daily iron intake for females aged 11-14 years. NDNS years 7&8. 

Females 11-14 years   All (n=130)     Income quintile      

Food group   

Mean S.E.M 

1 (n = 23)  2(n = 17)  3 (n = 24)  4 (n = 28)  5 (n = 22)   
P value Mean  S.E.M Mean  S.E.M Mean  S.E.M Mean  S.E.M Mean  S.E.M 

Cereal and cereal products   52.14  1.25 51.96  3.03 55.23 3.30 49.43  2.57 53.53 3.00 50.89 2.71 0.669  

Pasta, rice, pizza, and other cereals   12.20 1.01 16.55  3.00 12.66 3.17 9.78  2.03 13.72 2.10 7 .40 1.56 0.074  
White bread  10.73  0.82 9.29 2.08 10.72 2.60 11.07  1.95 12.97 1.72 10.23  1.94 0.500  

Other breakfast cereals  8.33 1.16 6.89 2.44 12.98  4.32 4.95  2.27 11.91  3.10 3.58  1.71 0.111  
High fibre breakfast cereals   7.77 1.18 6.07 2.76 7.12  2.84 11.39  3.56 3.97  1.95 10.39  2.87 0.259  

Biscuits  4.76 0.48 3.82  0.82 2.66 0.58 4.15  1.65 5.04  0.77 7.54  1.42 0.029 * 
Buns, cakes, pastries, and fruit pies  3.47  0.47 4.12 1.48 3.25  1.05 3.05  0.91 2.92 0.72 3.91  0.81 0.716  

Brown, granary, and wheat germ bread  2.29  0.46 2.34 1.40 2.67  1.44 2.47  1.39 1.57  0.53 3.21  1.06 0.425  
Whole meal Bread  1.85 0.41 1.48  0.88 2.91  1.71 2.12  0.90 1.03  0.57 3.20  1.33 0.428  

Puddings  0.44 0.11 0 .14 0.12 0.26  0.16 0.46  0.24 0.24  0.14 1.43  0.51 0.111  
Other Breads   0.29  0.23 1 .28 1.28 0.00  0.00 0.00  0.00 0.15 0.15 0.00  0.00 0.637  

Meat and meat products  14.42  0.75 14.40 1.98 14.32  1.77 15.96  1.32 13.40 1.58 12.04  1.53 0.395  

Beef and veal dishes  3.39  0.38 3.71 1.12 4.18  0.91 3.50  1.09 2.55  0.69 3.58  0.80 0.611  
Chicken and turkey dishes  3.14  0.35 2.22  0.48 3.63  0.87 3.18  0.92 3.08  0.79 3.44  0.90 0.795  
Coated chicken and turkey  1.50  0.23 1.54  0.59 1.97  0.69 1.84  0.72 1.66  0.49 1.01 0.36 0.969  

Sausages  1.34  0.21 1.07  0.51 1.48  0.85 2.41  0.62 1.29  0.36 0.70 0.30 0.190  
Bacon and ham  1.19 0.14 1.40 0.42 0.90  0.37 1.48  0.38 1.17  0.27 0.64  0.24 0.239  

Burgers and kebabs  0.83 0.19 0.91  0.55 0.75  0.41 1.19  0.60 0.87  0.36 0.66  0.29 0.976  
Lamb and lamb dishes  0.78 0.26 1.15 0.76 0.00  0.00 0.43  0.24 0.52  0.42 0.28  0.20 0.609  

Pork and pork dishes  0.77  0.18 0.61 0.41 1.03  0.49 0.69  0.41 1.02  0.47 1.00  0.53 0.611  
Meat pies and pastries  0.80 0.19 0.58  0.35 0.18  0.18 1.16  0.67 0.99  0.41 0.69  0.39 0.545  

Other meat and meat products  0.46  0.18 1.22 0.79 0.03  0.03 0.07  0.05 0.25  0.15 0.02  0.02 0.532  
Liver and dishes  0.22  0.17 0.00  0.00 0.45  0.45 0.00 0.00 0.00  0.00 0.00  0.00 0.222  

Vegetable and potatoes   12.17 0.60 14.96 1.37 10.84  1.11 12.99  1.70 11.16  1.28 11.92  1.60 0.220  

Vegetables (not raw) including vegetable dishes  6.14  0.47 6.27 1.08 5.77  0.99 6.39  1.28 5.67  0.95 7.09  1.33 0.943  
Chips, fried and roast potatoes and potato products   3.07  0.33 5.23  1.23 2.98  0.62 3.17  0.63 3.18  0.74 1.32  0.28 0.064  

Potatoes, potato salads and dishes  2.09  0.25 2.67  0.69 1.44  0.28 2.53  0.75 1.24  0.39 2.58  0.59 0.240  
Salad and other raw vegetables   0.86  0.11 1.00 0.28 0.65  0.20 0.85  0.31 1.07  0.25 0.93 0.23 0.534  

Percentage contribution of food and food groups to daily iron intake for females aged 11-14 years: NDNS years 7&8. Results are for total population and by income quintiles. ** 
One-way Anova significant at the P < 0.001 level. * One-way Anova significant at the P < 0.05 level. Values are expressed as means ± S.E.M.
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Table 2-4. Percentage contribution of food and food groups to daily zinc intakes females 11-14 years: NDNS years 7&8 

Females 11-14 years   Income quintile 

Food group  All (n =130) 1 (n = 23) 2 (n = 17) 3 (n = 24) 4 (n = 28) 5 (n = 22) P 
value 

Mean S.E.M Mean  S.E.M Mean  S.E.M Mean  S.E.M Mean  S.E.M Mean  S.E.M  

Cereal and cereal products  31.31 0.99 31.82 2.46 31.19 2.43 30.99 1.99 32.68 2.49 31.19 2.53 0.989 

Pasta, rice, pizza, and other cereals 12.31 0.88 14.46 2.13 11.80 2.27 11.57 2.13 13.82 2.09 8.96 1.90 0.242 
White bread 7.14 0.53 6.08 1.20 6.98 1.69 7.47 1.25 8.92 1.24 6.88 1.25 0.510 

Biscuits 2.39 0.25 2.03 0.51 1.52 0.39 2.40 0.87 2.43 0.41 3.47 0.67 0.120 
High fibre breakfast cereal 2.08 0.32 1.03 0.48 2.12 0.74 2.59 0.86 1.45 0.67 2.95 0.88 0.225 

Buns, cakes, pastries, and fruit pies 2.05 0.26 2.67 0.96 1.74 0.52 1.93 0.62 1.89 0.48 2.14 0.41 0.785 
Brown granary and wheat germ bread 1.87 0.35 1.74 0.98 2.35 1.31 2.06 0.95 1.28 0.43 2.50 0.77 0.439 

Wholemeal bread 1.51 0.34 1.37 0.79 2.20 1.22 1.61 0.65 0.92 0.53 2.55 1.20 0.497 
Other Breakfast cereals 1.20 0.19 1.07 0.48 1.86 0.69 0.86 0.42 1.66 0.45 0.42 0.24 0.145 

Puddings 0.51 0.12 0.29 0.20 0.62 0.30 0.51 0.26 0.20 0.11 1.32 0.53 0.255 
Other breads 0.25 0.20 1.08 1.08 0.00 0.00 0.00 0.00 0.13 0.13 0.00 0.00 0.637 

Milk and milk products 16.24 0.90 15.38 1.72 16.33 2.60 11.84 1.68 17.73 2.32 18.45 2.11 0.172 

Cheese 6.36 0.65 7.13 1.56 5.02 2.15 3.92 1.19 6.92 1.52 7.51 1.34 0.082 
Semi Skimmed Milk 4.99 0.60 4.88 1.31 5.40 1.84 2.91 0.90 4.45 1.49 7.53 1.60 0.126 

Whole milk 1.70 0.40 1.59 0.76 3.89 1.62 0.87 0.44 2.25 1.26 0.30 0.26 0.205 
Yoghurt, fromage frais and other dairy desserts 1.63 0.22 1.21 0.55 1.20 0.57 2.16 0.70 1.31 0.44 2.30 0.46 0.074 

Other milk and cream 0.64 0.20 0.15 0.10 0.40 0.29 0.39 0.32 1.46 0.66 0.17 0.06 0.043* 
Ice Cream 0.48 0.09 0.42 0.16 0.32 0.18 0.38 0.18 0.69 0.25 0.45 0.24 0.571 

Skimmed milk 0.34 0.15 0.00 0.00 0.10 0.10 1.20 0.76 0.26 0.20 0.18 0.18 0.446 
One percent milk 0.09 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.40 0.40 0.00 0.00 0.546 

Meat and meat products  31.03 1.28 31.64 3.60 34.26 3.30 34.50 2.61 27.70 2.58 25.29 2.87 0.099 

Beef and veal dishes 9.21 1.01 9.43 2.85 13.41 3.02 9.59 2.72 6.78 1.65 9.56 2.33 0.515 
Chicken, turkey, and Dishes 5.99 0.64 5.26 1.14 8.30 2.38 6.33 1.92 5.79 1.28 4.79 0.73 0.824 

Bacon and Ham 4.16 0.46 4.53 1.26 2.63 0.98 5.28 1.29 4.41 0.96 2.35 0.82 0.378 
Burgers and kebabs 2.21 0.56 2.69 1.99 2.38 1.33 3.45 1.68 1.75 0.78 1.47 0.68 0.974 

Sausages 2.09 0.31 1.66 0.77 1.84 1.11 3.58 0.90 2.15 0.58 1.24 0.50 0.191 
Pork and Dishes 1.94 0.40 1.66 0.96 2.89 1.24 1.85 0.95 2.13 0.91 2.43 1.14 0.660 

Lamb and Dishes 1.85 0.57 2.67 1.59 0.00 0.00 1.26 0.73 1.02 0.78 0.91 0.64 0.606 
Coated chicken and turkey 1.83 0.28 1.51 0.51 2.42 1.11 1.86 0.67 2.18 0.69 1.43 0.47 0.976 

Meat pies and pastries 0.84 0.22 0.46 0.28 0.10 0.10 1.07 0.65 0.81 0.35 1.03 0.70 0.525 
Other meat, meat products and dishes 0.81 0.28 1.76 1.05 0.08 0.06 0.23 0.18 0.68 0.39 0.06 0.06 0.525 
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Liver and Dishes 0.09 0.07 0.00 0.00 0.22 0.22 0.00 0.00 0.00 0.00 0.00 0.00 0.222 

Vegetable and potatoes  9.38 0.49 10.75 1.12 7.49 0.82 10.72 1.42 9.26 1.08 9.79 1.21 0.388 

    Vegetables (not raw) including vegetable 
dishes 

4.53 0.38 3.89 0.74 3.77 0.70 5.25 1.18 4.53 0.97 5.70 0.92 0.593 

    Chips, fried and roast potatoes and potato 
products 

2.59 0.27 4.11 0.92 2.32 0.52 2.81 0.50 3.07 0.68 1.22 0.30 0.031* 

Other potatoes, potato salads and dishes 1.66 0.20 2.16 0.53 1.01 0.20 2.12 0.60 0.95 0.27 2.11 0.44 0.222 
    Salad and other raw vegetables 0.59 0.07 0.59 0.22 0.39 0.12 0.54 0.16 0.71 0.15 0.76 0.19 0.487 

Percentage contribution of food and food groups to daily zinc intakes females 11-14 years: NDNS years 7&8. Results are for total population and by income quintiles. ** One-way 
Anova significant at the P < 0.001 level. * One-way Anova significant at the P < 0.05 level. Values are expressed as means ± S.E.M 
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Table 2-5. Daily weight of food and food groups consumed by females aged 11-14 years. NDNS years 7&8.  

Females 11-14 years   
All (n=130) 

Income quintile  

Food group   1 (n = 23)  2 (n = 17)  3 (n = 24)  4 (n = 28)  5 (n = 22)  
P value 

Mean  S.E.M  Mean  S.E.M  Mean  S.E.M  Mean  S.E.M  Mean  S.E.M  Mean  S.E.M  

Cereal and Cereal products   237.61  7.54  217.75  17.83  268.03  15.32  186.73  14.48  254.29  14.58  260.55  18.14  0.001*  

Pasta, rice, pizza, and other cereals  104.06  6.05  113.28  16.34  119.85  19.77  71.69  8.60  115.73  12.00  87.85  12.03  0.086  
White bread  55.47  4.15  39.40  7.44  56.76  13.13  49.44  8.39  67.53  8.60  60.63  12.01  0.299  

Buns, cakes, pastries, and fruit pies  19.77  2.15  21.05  6.16  21.79  7.02  18.61  5.28  17.27  4.39  23.47  4.29  0.690  
Biscuits  18.33  1.82  15.37  3.76  12.95  3.24  11.33  3.14  20.59  3.75  29.97  6.72  0.082  

Other Breakfast cereals  8.80  1.40  8.29  3.88  12.43  4.25  5.85  3.39  12.31  3.51  3.48  1.61  0.109  
High fibre breakfast cereal  8.77  1.37  4.25  1.99  10.76  4.20  8.88  2.88  8.38  3.81  12.38  3.56  0.285  

Brown granary and wheat germ bread  7.96  1.45  5.14  2.75  9.56  5.27  7.86  3.66  5.33  1.88  13.65  4.56  0.352  
Puddings  7.30  1.66  3.35  2.06  12.46  6.31  6.84  3.40  2.46  1.44  18.37  6.62  0.110  

Wholemeal bread  6.11  1.40  3.28  1.83  11.48  6.67  6.22  2.68  3.97  2.28  10.75  4.45  0.403  
Other breads  1.04  0.79  4.35  4.35  0.00  0.00  0.00  0.00  0.71  0.71  0.00  0.00  0.637  

Meat and meat products   104.73  4.62  89.04  11.14  115.01  11.97  100.93  9.69  99.10  8.84  107.91  13.26  0.609  

Chicken, turkey, and Dishes  34.18  2.94  25.28  5.93  45.64  10.07  29.90  6.47  31.85  6.17  39.09  7.55  0.326  
Beef and veal dishes  16.59  2.29  14.29  4.14  17.11  3.69  19.32  8.50  10.50  2.97  21.27  5.63  0.467  

Coated chicken and turkey  12.82  1.74  10.33  3.68  15.11  5.62  10.72  3.36  15.30  4.35  12.33  3.95  0.948  
Bacon and Ham  12.68  1.42  11.37  3.11  11.37  4.64  13.72  3.31  13.90  3.20  7.69  2.79  0.511  

Sausages  8.69  1.30  8.36  4.21  8.79  4.17  11.35  2.85  8.53  2.22  5.62  2.32  0.435  
Pork and Dishes  5.80  1.43  2.48  1.48  9.41  4.05  4.05  1.99  5.85  2.35  11.60  6.66  0.479  

Meat pies and pastries  4.97  1.17  4.17  2.38  1.18  1.18  5.13  3.25  6.32  2.66  5.97  3.37  0.550  
Burgers and kebabs  4.22  1.04  5.94  3.88  5.34  3.27  4.64  2.48  4.22  1.70  3.05  1.63  0.976  

Lamb and Dishes  3.02  1.04  4.48  3.09  0.00  0.00  1.84  1.16  1.21  0.89  1.18  0.83  0.606  
Other meat, meat products and dishes  1.50  0.52  2.34  1.40  0.20  0.15  0.23  0.16  1.43  0.79  0.11  0.11  0.500  

Liver and Dishes  0.27  0.20  0.00  0.00  0.88  0.88  0.00  0.00  0.00  0.00  0.00  0.00  0.222  

Vegetable and potatoes   161.36  7.18  161.83  18.06  176.58  19.94  145.03  16.06  151.62  13.17  180.54  21.43  0.757  

Vegetables (not raw) including vegetable dishes  66.34  4.47  53.71  10.55  81.49  11.44  58.25  12.00  60.85  9.88  84.16  11.19  0.077  
Chips, fried and roast potatoes and potato 

products   
35.60  3.43  49.03  10.88  38.52  6.99  33.27  6.21  42.08  8.69  22.34  5.50  0.231  

Potatoes, potato salads and dishes  38.99  4.32  44.65  11.33  35.81  7.25  37.02  10.56  25.33  6.98  46.79  10.49  0.290  
Salad and other raw vegetables   20.42  2.50  14.43  4.47  20.75  7.42  16.48  5.55  23.36  5.52  27.26  8.02  0.486  

Daily weight of food and food groups consumed by females aged 11-14 years: NDNS years 7&8. Results are for total population and by income quintiles.  
**One-way- Anova significant at the P<0.001 level. *One-way Anova significant at the P < 0.05 level. Values are expressed as means ± S.E. 
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Table 2-6. Percentage contribution of food and food groups to daily iron intake females 15-18 years. NDNS years 7&8.  

Food group      Income quintile    
 

All (n =142) 1 (n = 21) 2 (n = 34) 3 (n = 19) 4 (n = 28) 5 (n = 15) 
P 

value 

Mean S.E.M Mean S.E.M Mean S.E.M Mean S.E.M Mean S.E.M Mean S.E.M  

Cereal and cereal products  45.97 1.34 51.04 3.91 47.05 2.70 47.04 4.29 45.62 2.80 39.32 2.45 0.256 

Pasta, rice, pizza, and other cereals  10.81 0.85 16.26 3.09 10.11 1.33 11.24 2.52 8.17 1.96 10.70 2.37 0.184 
White bread 9.51 0.65 9.23 1.74 10.51 1.41 6.39 1.15 6.95 1.16 10.26 1.98 0.242 

Other breakfast cereals 7.25 1.11 8.02 2.46 7.13 1.83 8.71 3.35 6.38 2.45 4.53 2.06 0.710 
High fibre breakfast cereals  5.13 0.93 4.47 2.27 7.85 2.49 4.39 2.03 6.51 2.24 3.22 1.80 0.824 

Biscuits 4.56 0.48 4.25 1.25 4.14 1.04 5.95 1.60 5.59 1.31 4.70 0.90 0.564 
Buns, cakes, pastries, and fruit pies 3.23 0.53 2.53 0.96 4.21 1.54 4.89 1.55 2.31 0.98 2.48 1.18 0.802 

Brown, granary, and wheat germ bread 2.88 0.47 2.52 1.04 2.13 0.61 1.75 0.74 4.75 1.79 1.94 0.88 0.618 
Whole meal Bread 2.09 0.45 3.59 1.74 0.63 0.36 2.32 1.46 4.38 1.33 1.03 0.60 0.060 

Puddings 0.35 0.09 0.16 0.11 0.33 0.16 0.32 0.26 0.58 0.26 0.24 0.19 0.852 
Other Breads  0.17 0.12 0.00 0.00 0.00 0.00 1.07 0.86 0.00 0.00 0.22 0.22 0.092 

Meat and meat products 17.18  18.81 2.79 17.11 2.18 18.30 3.02 16.71 2.19 11.59 2.47 0.503 

Chicken, Turkey and Dishes 4.05 0.51 2.76 0.79 5.42 1.69 3.54 0.94 3.94 1.00 2.41 0.55 0.948 
Beef and veal dishes 3.62 0.47 3.13 1.02 3.49 1.01 4.35 1.41 4.11 1.09 2.61 1.05 0.883 

Coated chicken and turkey 2.48 0.35 2.49 0.94 2.53 0.75 2.39 1.03 1.65 0.51 1.95 0.77 0.990 
Bacon and Ham 1.16 0.13 1.05 0.32 0.88 0.25 1.03 0.30 1.49 0.31 0.60 0.25 0.197 

Sausages 1.36 0.21 1.58 0.61 1.40 0.47 1.21 0.51 1.69 0.53 0.88 0.51 0.775 
meat pies and pastries 1.29 0.27 2.69 1.06 1.03 0.37 0.89 0.67 0.60 0.31 0.28 0.28 0.155 

Burgers and kebabs 1.09 0.26 3.63 1.35 0.65 0.38 1.52 0.70 0.71 0.36 0.00 0.00 0.027 
Lamb and Dishes 0.92 0.28 0.70 0.51 1.03 0.67 1.34 0.94 0.66 0.49 1.24 1.24 0.907 
Pork and Dishes 0.60 0.19 0.66 0.32 0.64 0.56 0.22 0.11 0.82 0.38 0.89 0.89 0.635 

Other meat, meat products and dishes 0.61 0.24 0.12 0.12 0.05 0.05 1.81 1.43 1.05 0.61 0.72 0.55 0.357 

Vegetable and potatoes  15.02 0.77 11.09 1.36 15.94 1.65 11.80 1.73 15.01 1.99 21.36 2.34 0.007* 

Vegetables (not raw) including vegetable dishes 8.56 0.71 5.37 1.28 9.52 1.43 5.33 1.28 8.89 1.87 14.16 2.77 0.012* 
Chips, fried and roast potatoes and potato 

products  
3.67 0.30 3.47 0.96 4.28 0.76 4.27 0.81 2.61 0.41 3.52 0.78 0.515 

Potatoes, potato salads and dishes 1.83 0.20 1.49 0.35 1.51 0.48 1.30 0.43 2.46 0.51 1.72 0.55 0.409 
Salad and other raw vegetables  0.95 0.12 0.76 0.27 0.64 0.13 0.90 0.29 1.06 0.27 1.96 0.78 0.750 

 

Percentage contribution of food and food groups to daily iron intake females 15-18 years. NDNS years 7&8. Results are for total population and by income 
quintiles. ** One-way Anova significant at the P < 0.001 level. * One-way Anova significant at the P < 0.05 level. Values are expressed as means ± S.E.M.  
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Table 2-7 Percentage contribution of foods and food groups to daily zinc intake females 15-18 years: NDNS years 7&8. 

Females 15-18 years   Income quintile 
Food group  All (n =142) 1 (n = 21) 2 (n = 34) 3 (n = 19) 4 (n = 28) 5 (n = 15) P 

value Mean S.E.M Mean  S.E.M Mean  S.E.M Mean  S.E.M Mean  S.E.M Mean  S.E.M 

Cereal and cereal products  17.70 0.73 17.32 2.18 17.03 1.31 17.51 1.80 20.49 2.10 14.97 2.05 0.582 

White bread 5.93 0.42 5.24 1.01 6.96 0.94 4.32 0.79 4.35 0.78 6.29 1.69 0.312 
Brown granary and wheat germ bread 2.45 0.40 2.00 0.77 2.81 1.05 4.10 1.23 1.83 0.87 1.97 0.93 0.492 

Biscuits 2.10 0.24 2.15 0.90 1.59 0.36 2.47 0.63 2.82 0.72 2.24 0.57 0.363 
Wholemeal bread 1.65 0.37 3.02 1.54 0.55 0.32 1.67 0.94 3.47 1.17 0.78 0.43 0.077 

Buns, cakes, pastries, and fruit pies 1.54 0.24 1.08 0.39 1.39 0.48 0.91 0.34 2.25 0.76 1.12 0.52 0.789 
Pasta, Rice, pizza, and other cereals 1.50 0.36 2.11 1.02 0.80 0.61 1.15 0.62 2.48 1.19 1.27 1.27 0.599 

High fibre breakfast cereal 1.39 0.28 0.87 0.38 1.84 0.62 1.74 0.73 2.28 0.99 0.63 0.40 0.818 
Other breads 1.13 0.24 0.87 0.36 1.09 0.32 1.16 0.51 0.97 0.42 0.68 0.33 0.834 

Other Breakfast cereals 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.04 0.00 0.00 0.767 
Puddings 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.000 

Milk and milk products 11.04 0.74 10.16 2.03 10.14 1.43 11.43 2.33 14.10 1.63 11.87 2.60 0.295 

Cheese 6.73 0.68 6.77 2.00 6.83 1.29 7.30 2.15 7.17 1.46 8.23 2.72 0.917 
Other milk and cream 1.21 0.13 0.87 0.25 1.04 0.31 1.11 0.32 1.48 0.32 1.09 0.38 0.630 

Yoghurt, fromage frais and other dairy 
desserts 

1.16 0.18 1.11 0.46 0.64 0.24 0.36 0.19 2.58 0.64 1.30 0.54 0.036 

Whole milk 0.62 0.16 0.15 0.14 0.69 0.27 0.80 0.38 0.71 0.46 0.05 0.05 0.363 
Ice Cream 0.62 0.13 0.63 0.31 0.81 0.38 0.14 0.10 1.00 0.35 0.42 0.19 0.500 

Semi Skimmed Milk 0.51 0.15 0.63 0.55 0.03 0.03 0.67 0.40 1.11 0.48 0.56 0.37 0.086 
One percent milk 0.13 0.10 0.00 0.00 0.00 0.00 1.01 0.69 0.00 0.00 0.00 0.00 0.034* 

Skimmed milk 0.06 0.03 0.00 0.00 0.10 0.10 0.05 0.05 0.06 0.04 0.21 0.21 0.767 

Meat and meat products  35.46 1.39 37.39 3.93 36.37 2.93 38.48 3.38 32.32 3.09 29.19 4.88 0.421 

Beef and veal dishes 8.80 1.07 7.75 2.40 8.96 2.35 11.28 3.28 9.45 2.35 6.46 2.76 0.860 
Chicken, turkey, and dishes 6.44 0.55 4.38 0.93 7.29 1.34 5.43 0.84 5.63 1.23 5.56 1.31 0.841 

Sausages 4.95 0.51 6.81 1.52 5.19 1.12 5.65 1.80 3.62 0.69 4.57 1.23 0.771 
Bacon and ham 3.77 0.40 3.35 1.05 3.18 0.78 3.07 0.76 5.02 0.97 1.80 0.75 0.205 

Coated chicken and turkey 3.12 0.48 3.23 1.48 3.82 1.26 2.46 0.96 1.73 0.54 2.71 1.18 0.969 
Burgers and kebabs 2.38 0.58 7.91 2.85 1.45 0.91 3.29 1.62 0.99 0.56 0.00 0.00 0.026* 

Meat pies and pastries 2.29 0.21 1.63 0.54 2.55 0.43 2.81 0.57 2.28 0.51 2.89 0.86 0.083 
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Lamb and dishes 1.93 0.54 1.27 0.92 1.93 1.13 2.94 1.84 1.52 1.05 2.64 2.64 0.898 
Other meat, meat products and dishes 1.41 0.29 0.85 0.72 1.69 0.71 1.15 0.45 1.57 0.61 2.19 1.21 0.491 

Pork and dishes 0.38 0.09 0.21 0.14 0.29 0.14 0.40 0.27 0.53 0.20 0.37 0.21 0.814 

Vegetable and potatoes  13.16 0.90 10.85 2.52 16.30 2.03 11.01 1.45 13.22 2.31 15.68 3.08 0.185 

    Vegetables (not raw) including vegetable 
dishes 

7.06 0.85 5.21 2.54 8.59 1.87 4.96 1.30 7.37 2.21 11.86 3.43 0.028* 

    Chips, fried and roast potatoes and potato 
products 

3.04 0.23 2.78 0.75 3.69 0.57 3.60 0.57 2.33 0.38 2.54 0.65 0.240 

Other potatoes, potato salads and dishes 2.00 0.29 2.34 0.83 2.21 0.70 1.61 0.61 2.87 0.78 1.15 0.61 0.692 
    Salad and other raw vegetables 1.06 0.31 0.53 0.32 1.81 0.90 0.84 0.37 0.66 0.29 0.13 0.11 0.407 

Percentage contribution of foods and food groups to daily zinc intake females 15-18 years: NDNS years 7&8. Results are for total population and by income 
quintiles. ** One-way Anova significant at the P < 0.001 level. * One-way Anova significant at the P < 0.05 level. Values are expressed as means ± S.E.M.  
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Figure 2-1 A-E. median and interquartile range for daily dietary iron (A) 11-14 year olds & 
(B)15-18 year olds) and zinc (C 11-14 year olds &D 15-18 year olds) intake (mg d-1) from 
food sources only: females aged 11-14 and 15-18 years across income quintiles (IQ) and 
(E) percentage of females aged 11-14 and 15-18 years with daily iron and zinc intakes 
below the Lower Reference Nutrient Intake (LRNI) and above or below the Reference 
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Nutrient Intake (RNI). Data sourced from the National Diet Nutrition Survey (NDNS) years 
7 & 8 of the rolling programme. 

Figure 2-1: A&B are median and interquartile range for daily dietary iron intake (mg d-1) 
from food sources only: females aged 11-14 (A) and 15-18 (B) years across income 
quintiles (IQ).  Kruskal - Wallis test performed in IBM SPSSv26 to evaluate potential 
influence of equivalised household income on daily iron intake, post-hoc Mann-Whitney 
test performed when significance detected at the Kruskal - Wallis stage.  Lower bound 
values for income quintiles are as follows: (IQ1) <£12152.43, (IQ2) ≥ £12152.43, (IQ3) 
≥£19230.42, (IQ4) ≥ £27541.95, (IQ5) ≥£43402.43. Dotted line represents Lower 
Reference Nutrient Intake (LRNI), dashed line represents Reference Nutrient Intake (RNI). 
Number of participants included in the analysis with a valid income female 11-14 years IQ1 
n=23, IQ2 n =17, IQ3 n =24, IQ4 n =28, IQ5 n =22. Females 15-18 years IQ1 n = 21, IQ2 
n =34, IQ3 n =19, IQ4 n =28, IQ5 n =15 

* Significant at the P < 0.05 level 

Figure 2-1: C&D are median and interquartile ranges for daily dietary zinc intakes (mg d-
1) from food sources only: females aged 11-14 (C) and 15-18 (D) years across income 
quintiles (IQ). Kruskal - Wallis test performed in IBM SPSSv26 to evaluate potential 
influence of equivalised household income on daily zinc intake, post-hoc Mann-Whitney 
test performed when significance detected at the Kruskal - Wallis stage. Lower bound 
values for income quintiles are as follows: (IQ1) <£12152.43, (IQ2) ≥ £12152.43, (IQ3) 
≥£19230.42, (IQ4) ≥ £27541.95, (IQ5) ≥£43402.43. Dotted line represents Lower 
Reference Nutrient Intake (LRNI), dashed line represents Reference Nutrient Intake (RNI). 
Number of participants included in the analysis with a valid income female 11-14 years IQ1 
n=23, IQ2 n =17, IQ3 n =24, IQ4 n =28, IQ5 n =22. Females 15-18 years IQ1 n = 21, IQ2 
n =34, IQ3 n =19, IQ4 n =28, IQ5 n =15. 

* Significant at the P < 0.05 level 

Figure 2-1: E is percentage of females aged 11-14 and 15-18 years with daily iron and zinc 
intakes below the Lower Reference Nutrient Intake (LRNI) and above or below the 
Reference Nutrient Intake (RNI). Data sourced from the National Diet Nutrition Survey 
(NDNS) years 7 & 8 of the rolling programme. Number of participants:  females, 11-14 
years n = 130 and females 15 -18 years n = 142. 
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 MANUSCRIPT 2. The Impact of the COVID-19 Pandemic on the 

Food Security of UK Adults Aged 20–65 Years (COVID-19 Food 

Security and Dietary Assessment Study) 

3.1 Authors contribution  

 Conceptualization, L.C., and S.W.; methodology, M.T., E.E., Z.V., A.A., 

L.C. and S.W.; formal analysis, M.T., P.R., S.W.; data curation, M.T. 

and S.W.; writing—original draft preparation, M.T., P.R. and S.W., 

writing—review and editing, M.T., E.E., A.A., L.C., P.R., and S.W.; 

visualization, M.T.; supervision, S.W., and L.C.; project administration, 

L.C., and S.W.  

The published article can be found in Appendix C. 

3.2 Abstract 

The first UK lockdown greatly impacted the food security status of UK 

adults. This study set out to establish if food procurement was adapted 

differently for different income groups and if this impacted dietary intakes 

disproportionately. Adults (n = 515) aged 20–65 years participated in an 

online survey with 56 completing a 3–4-day diet diary. Food availability was 

a significant factor in the experience of food insecurity. Similar proportions 

of food secure and food insecure adapted food spend during lockdown, 

spending similar amounts. Food insecure (n = 85, 18.3%) had a 10.5% 

lower income and the money spent on food required a greater proportion of 

income. Access to food was the biggest driver of food insecurity but 

monetary constraint was a factor for the lowest income group. The relative 

risk of food insecurity increased by 0.07-fold for every 1% increase in the 
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proportion of income spent on food above 10%. Micronutrient intakes were 

low compared to the reference nutrient intake (RNI) for most females, with 

riboflavin being 36% lower in food insecure groups (p = 0.03), whilst vitamin 

B12 was 56% lower (p = 0.057) and iodine 53.6% lower (p = 0.257) these 

were not significant. Coping strategies adopted by food insecure groups 

included altering the quantity and variety of fruit and vegetables which may 

have contributed to the differences in micronutrients. 

3.3 Introduction. 

The virus “severe acute respiratory syndrome coronavirus 2” which causes 

the coronavirus disease (referred to in the study from here as COVID-19) 

led to the United Kingdom (UK) first ‘‘lockdown’ down’ on the 23rd March 

2020 until May 10th, 2020, when restrictions were eased (Johnson, 2022). 

The COVID-19 pandemic brought into sharp focus the concerns for 

population groups with increased vulnerability to the experience of food 

insecurity (having sustained physical and financial access to a safe and 

healthy varied diet that meets nutritional requirements). In the UK, these 

were typically young adults (18-24), households with children, minority 

ethnic groups, individuals with disabilities and low income and unemployed 

households resulting in many experiencing food insecurity for the first time 

(Power et al., 2020). In the first 3 weeks of the UK’s first COVID-19 lockdown 

more than 3 million people reported that they had gone hungry (Loopstra, 

2020). 

The stability of household food supply was unsettled during the first UK 

lockdown. Closure of workplace/ hospitality sector and schools. Meant it 

was no longer possible to purchase food for consumption outside the home. 
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As a result, and although the UK food supply chains had adequate produce, 

supermarkets struggled to keep pace with demand, individuals became 

more likely to over purchase (defined as buying more than necessary to 

sustain routine practices within a household) (Bentall et al., 2021). These 

individuals were more likely to be younger, female, having children living at 

home and either having a higher income or conversely, suffering from a loss 

of income (Bentall et al., 2021). For many with a higher income, this afforded 

the opportunity to buy extra, to the detriment of lower income groups who 

did not have the equivalent purchasing power (Power et al., 2020). Principal 

difficulties with the food supply were more a result of the many buying a little 

extra in time of uncertainty than from the few purchasing in excess (Bentall 

et al., 2021). Potentially compromising household food security status of the 

most vulnerable. 

The COVID-19 pandemic had an impact on food security and nutrition 

security both directly (food shortages/ limited access to shops) and indirectly 

(loss of income/purchasing power; (Lamarche et al., 2021). The baseline 

situation of communities, households and individuals (i.e., low income, living 

in deprived regions and limited capacity for working at home) have been 

found to be a risk factor in the experience of food insecurity during COVID-

19 (Lamarche et al., 2021). 

To help households during the Covid-19 pandemic access food the 

government introduce ‘The Coronavirus Job Retention Scheme’ (1 March 

2020-30th September 2021) paying up to 80% of an employee’s usual 

monthly salary (capped at £2500 per month) for some, this resulted in a loss 

of income of 20% or more (depending on baseline income) for others, their 
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employers covered the remaining 20%. The aim of the scheme was to 

reduce the burden on social security. However, there was still a sharp 

increase in claims for Universal Credit (UC) during April and May 2020. The 

typical number of claims prior to COVID was ~200,000 per month (Mackley 

and McInnes, 2022). This increased to 1.2 million in April and 1.3 million in 

May 2020.  

To support individuals who were clinically vulnerable to Covid-19 and 

instructed to ‘Shield’ (that is not leave their home) access food. The 

government introduced a food parcel scheme. To access the scheme 

individuals first had to register. The food parcels contained ambient food 

only (approx. 20kg) and were designed to last 7 days. Additionally, 

supermarkets provided priority online delivery slots, however, people details 

were needed to be passed on to the supermarkets first (Lambie-Mumford et 

al., 2022). 

Households entitled to free school meals were initially provided with a £15 

a week eGift card per child for the purchase of food from non-discounter 

supermarkets such as Sainsbury’s, Tesco, Asad, Morrisons, Waitrose and 

M&S but this was expanded in June to include Aldi, Iceland , the Food 

Warehouse store and McColl’s (Lambie-Mumford et al., 2022)  

Experience of household food insecurity and poor diet directly contributes 

to increased incidence of disease and lower life expectancy (Liu and Eicher-

Miller, 2021) (Eicher-Miller, 2020) (Gundersen and Ziliak, 2015). As 

previously mentioned, women and households with children were at 

increased risk of food insecurity. Although a low income does not always 
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equate to being food insecure and similarly, the anxiety around food 

availability is not the sole preserve of those on lower incomes (Nord and 

Brent, 2002). The response to concerns of food security frequently results 

in similar dietary choices independent of background (Butcher et al., 2019; 

Litton and Beavers, 2021), with individuals and households experiencing 

food insecurity selecting high energy dense, nutrient poor, cheaper foods 

(Mello et al., 2010; Morales and Berkowitz, 2016) which may be perceived 

as better value for money and more accessible under the circumstances 

faced (Butcher et al., 2019). Fresh fruit and vegetables are often sacrificed 

at the expense of high fat, high sugar alternatives such as crisps and 

biscuits (Litton and Beavers, 2021; Morales and Berkowitz, 2016). As such 

the diets of females with or without children may have been detrimentally 

impacted in the first UK lockdown due to loss of income and or employment, 

increased caring responsibility as well as food shortages. 

The primary objectives of this study were to assess the perceived impact of 

social isolation and movement restriction on food availability and food 

security amongst UK adults during the COVID-19 outbreak and to gain a 

general overview of the methods of food procurement as well as to compare 

the diets females who were food insecure to food secure to understand 

differences in diet and nutrient intakes.  

Secondary objectives were to understand who was at risk of the experience 

of food insecurity during the first lockdown. And if the percentage of income 

spent on food increased the odds of the experience of food insecurity.   
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3.4 Methods. 

This paper details the findings from a cross-sectional study which took place 

during the first UK Coronavirus-19 pandemic lockdown between 6th May and 

10th July 2020 for adults aged between 20 and 65 years who were not in 

education. An online survey (Appendix E) was designed to collect general 

demographic information (age, gender, ethnicity, highest level of education 

attained, employment status, post-code), self-reported weight and height, 

household characteristics, indicators of food purchasing behaviour, food 

security and dietary change.  

3.4.1 Participant recruitment.  

Participants were recruited to the study via social media platforms (Twitter, 

Facebook), radio appearances, the University of Nottingham 

communication team and word of mouth. All participants were provided with 

information about the study and asked to give consent before completing 

the survey. The study was approved by the University of Nottingham’s 

Faculty of Medicine and Health Sciences Research Ethics Committee 

(Ethics Reference Number 01-0420). This research project was completed 

in accordance with the declaration of Helsinki and recent alterations. 

3.4.2 Equivalised income and income quintiles.  

Questions were adapted from the National Diet and Nutrition Survey 

(NDNS) (University of Cambridge, 2022) to determine level of household 

income. Participants were asked to select an income bracket and the 

midpoint value of each income bracket was used in the calculation of 

equivalised household income (EHI), along with a household size score, 

adapted from the McClements scale where a value was assigned to each 
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of the adults living in a household and, where applicable, to the children 

based on their ages (DWP, 2021a) (Muellbauer, 1979) (Shepshed, 2003). 

Household income was divided by the adapted McClements score to 

determine equivalised household income.  

Participants were excluded from the analysis if household size was greater 

than 1.5 times the inter-quartile range. Consequently, 3 participants were 

excluded from the analysis. Two participants listed they had 11 children 

within the same age bracket and one participant was excluded as they 

listed, they had 11 children and 11 adults in each of the age brackets.  

Income quintiles (IQ) were determined by splitting the equivalised income 

during lockdown into five percentiles as follows IQ1 (n = 98; 20.9%; 

<£25700.47), IQ2 (n = 90; 19.1%; £25700.47 - £39643.18), IQ3 (n = 99; 

21.1%; £39643.18-£53277.84), IQ4 (n = 84; 17.9%; £53277.84-£75503.02), 

IQ5 (n = 99; 21.1% >£75503.02). 

3.4.3 Food security measures.  

Food security was assessed with questions adapted from the 

Household Food Insecurity Access Scale (HFIAS) (Coates et al., 2007) to 

determine influences of monetary resources and/or food availability over the 

previous 4 weeks (from the date of completing survey) on household food 

security.  

The HFIAS assesses three different but related domains of food 

insecurity (Coates et al., 2007). Positive responses across the domains 

indicate increasing severity of food insecurity experienced. We adapted the 
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questions to evaluate if the experience of food insecurity was because of a 

lack of money or lack of food. 

Domain one is concerned with anxiety/worry of running out of food and 

asks the question (1) “Did you worry that your household would not have 

enough food”. Domain two includes three questions to assess if there was 

a reduction in the quality and variety of the food consumed. These questions 

asked (2) “were you or any household member not able to eat the kinds of 

foods you preferred because of a lack of money or lack of food available?”, 

(3) “Did you or any household member have to eat a limited variety of foods 

due to lack of money or food available?” and (4) “Did you or any household 

member have to eat same food that you really did not want to eat because 

of lack of money or lack of food available to obtain other types of food”. 

The final domain asks five questions and is concerned with reduction 

in the quantity of food eaten and experience of hunger. The first asks (5) 

“Did you or any household member have to eat a smaller meal than you felt 

you needed because there was not enough food?”, and the second, (6) “Did 

you or any household member have to eat fewer meals in a day because 

there was not enough food?” Additional questions ask (7) “Was there ever 

no food to eat of any kind in your household because of a lack of money or 

lack of food available to get food?”, (8) “Did you or any household member 

go to sleep at night hungry because there was not enough food?” and (9) 

“Did you or any household member go a whole day and night without eating 

anything because there was not enough food” (Coates et al., 2007). 
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Participants were initially categorised into the food security domains of food 

secure or mild, moderate or severely food insecure. Two categories were 

then created comprising food secure and food insecure.  

3.4.4 Shopping habits and food spend.  

Participants were asked about their food shopping behaviours before and 

during the first UK national lockdown in reference to where food was 

purchased, how and how frequently (never less than once a month, 2–3 

times per month, once a month, 2–4 times per week, 5–6 times per week, 

once a day, prefer not to say). The following question was asked with the 

following options for response “Which of following best describe where you 

purchased foods from? (Tick all that apply)”: (1) Shop at one of the UK “Big 

Four” supermarkets (Tesco, Sainsbury’s, Morrisons, Asda) (2) “In person”, 

(3) “home delivery”, (4) “Click and Collect” (5) Other supermarkets (Aldi, 

Lidl, Iceland, Netto). (6) “Other supermarket “(Waitrose, Marks and 

Spencer), (7) smaller shops (e.g., Co-op, Tesco express, Sainsbury local), 

(8)” Corner Shops (e.g., Happy Shopper, 7-11, Spar), (9) “Markets”, (10) 

Local independents (e.g., butchers, bakers, green grocers). In addition, 

participants were asked whether they were self-isolating or shielding and 

their level of vulnerability. Individuals were asked about usual eating 

behaviours, dietary choices, perception of how food availability had 

changed, and how their diet had changed during the lockdown. Food spend 

was estimated for each household from the mid-point of the monetary 

bracket per week (<£46, £47–£69, £70–£90, £91–£115, £116–£138, £139–

£161, >£162) selected by participants. 

3.4.5 Energy and nutrient intakes.  
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Participants had the option to complete a 4-day food diary using the “Libro” 

app associated with professional dietary analysis software (Nutritics). Those 

who completed 3- or 4-day food diaries were included in the analysis (n = 

56). We present the results for the total population of females and do not 

exclude non-plausible reporters due to the nature of the study assessing the 

impact of food insecurity on energy and nutrient composition of the diet. The 

macronutrient and micronutrient composition of each participant’s diet was 

calculated by the Nutritics software. Analysis of the micronutrient 

composition of the diet and food security status was completed for the total 

population. Females were stratified by age as per the reference nutrient 

intake (RNI) categories to enable analysis of iron intakes (19-49 and 50+ 

years). 

3.4.6 Sensitivity analysis.  

The plausibility of energy intake was assessed by estimating Energy Intake: 

Basal Metabolic Rate EI:BMR ratio using the Schofield equation to estimate 

BMR and applying the Goldberg upper and lower and cut-off points specific 

to physical activity level (PAL; tables 3.6 and 3.7) (2013) (Dutch et al., 2021).  

3.4.7 Data analysis. 

Descriptive, parametric and non-parametric analyses were performed using 

SPSS (IBM Corp. Released 2020. IBM SPSS Statistics for Windows, 

Version 27.0. Armonk, NY: IBM Corp).  Normality of the data was assessed 

in SPSS using Shapiro–Wilks. 

Parametric data are presented as means and S.E.M (unless otherwise 

stated), non-parametric as medians with 25th and 75th percentile (median 

[25th – 75th percentile]). Chi-square was used for categorical variables to 
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test the impact of income quintile on food security status. Relative risk was 

calculated for experience of food insecurity according to employment type, 

adherence to government guidelines for movement restriction, household 

income quintiles and food spend as a proportion of income. Dietary data 

were analysed for participants who completed 3 or 4 days of a food diary. 

Parametric and non-parametric tests were completed in SPSS to test for 

difference in dietary intakes food secure and food insecure.  

3.5 Results 

3.5.1 Participant characteristics. 

This study recruited 515 participants between 20 and 65 years of age (43 ± 

0.5 years) of which the majority were female (n = 435, 84%) with an average 

age of 43 ± 0.6 years. Males (n = 79; 15%) had a mean age of 43.5 ± 0.6 

years (Table 3.1). One participant did not provide their sex. During the first 

lockdown, the proportion of participants in employment was 73.7% (n = 390) 

of which over half were employed full time (51.6%), 15.5 % (n = 82) part 

time and 6.6% were self-employed (n = 35). The proportion of respondents 

not in paid employment was 26.4 % of which retirees accounted for 6.6 % 

(n = 35) and furloughed workers 9.8 % (n = 52). There were 14 participants 

who selected more than one option for employment type.  

The study cohort was disproportionately represented by those who had 

successfully accessed higher education. Most participants (n = 405; 78.6%) 

had completed their education to level 6 (undergraduate degree with 

honours or equivalent) or above, with 35.9% having an undergraduate 

degree, 30.3% a post graduate degree at master level or equivalent and 

12.4% a PhD or DPhil. Only 0.4% reported having no qualifications. In the 
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UK, by contrast, between April 2020 and March 2021, approximately 20.8% 

of the population reported they had a degree level qualification or above 

(Office for National Statistics and Social Security Division, 2021). 

The median equivalised household income for all participants with a valid 

household income prior to and during lockdown (n = 470) decreased 5.5% 

from £46969.22 [£33783.51 - £68130.11] to £44392.06 £28687.70 - 

£61474.59] per year. Prior to lockdown, 81.1% of households had an 

income above the UK median average household income for 2020 

(£29,990). This reduced to 73.8% during the first lockdown. We found 5.3% 

(n = 25) of households had an income below 60% of the UK median 

(£13794.00; a level used for defining relative low income) prior to lockdown, 

which increased to 8.1% (n = 38) during lockdown. The largest group of 

households were two person (n = 200, 39.1 %; 3, 1.5 % with children) 

followed by 4 person (n = 103, 20.1 %; 78, 76 % with children) and 3 person 

(n = 100, 19.5 %; 47, 47 % with children). Single person households 

accounted for 14.5 % (n = 74). Households with children comprised over a 

third (30.1 %; n = 155). 

Who was at risk of the experience of food insecurity?  

3.5.2 Equivalised household income.  

Four fifths of participants in this study were food secure (81.7%). Of those 

who experienced some form of food insecurity (18.3%), 2.9% indicated they 

were severely food insecure. Participants who provided details about 

household income before and during lockdown (n = 470) were split into 

income quintiles (IQ; Table 3.1). Households in IQ1 (income < £25700.47 
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per year) had the lowest proportion of food secure households (73.5 %) 

compared to 1Q2 (83.3 %), IQ3 (80.8 %), IQ4 (86.9 %) and IQ5, (85.9 %) 

and the highest percentage of severely food insecure (8.2 %) compared to 

participants in IQ2 (0 %), IQ3 (2 %), IQ4 (0 %) and IQ5 (3.0 %). Two 

participants who identified as severely food insecure in IQ3 (n=1) and IQ5 

(n=1) had restricted diets due to coeliac disease. The participant in IQ3 

stated.  

“I follow a gluten free diet for coeliac disease, staple food availability was 

limited on the 2 weeks prior to 23rd march and for several weeks after”.  

Additionally, one participant in IQ5 noted they were eating different brands 

of gluten free food available in smaller shops. 

“I have coeliac disease and have been eating different brands of gluten free 

food during lockdown. I don’t have a car so have had to use local stores. 

I’ve mostly shopped in small stores”. 

We then compared the odds of food insecurity during the first lock down 

amongst respondent who provided details of income at this point (n = 512) 

Participants IQ1 had significantly higher odds of food insecurity compared 

to those in IQ5 (OR = 2.02, CI: 1.02 – 4.01) (Table 3.2).  

3.5.3 Employment type. 

Employment status during lockdown was associated with relative likelihood 

of food insecurity. The self-employed had a significantly higher odds of 

experiencing food insecurity compared to participants who were in full time 

employment (P = 0.033), as did participants unable to work due to disability 
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or sickness (P =0.007) and those who were unemployed and seeking work 

(P = 0.006) (Table 3.3).  

The numbers for most groups changed during lockdown with reductions in 

the number of self-employed (20.5%), part-time (10.1%) and full-time 

employed (15.9%) and increases in the number of unemployed (114.3%). 

There were also increases in the number of people unable to work due to 

sickness or disability (50%), homemakers/full-time parents (41.7%) and 

retired (56.3). Thirty-four participants were additionally placed on furlough. 

3.5.4 Following government guidelines on Isolating and 

Shielding.  

The majority of participants (n = 442, 85.81%) at the time of the study were 

not self-isolating but following government guidance of social distancing. 

People not leaving their home because they were in the high-risk category 

accounted for 1.7% of the study population (n = 9). Individuals not leaving 

their home except to get essential items such as food and medicine 

accounted for 5.2% (n = 27). Whilst those not leaving the home because of 

living with someone who was vulnerable to the disease was 7.4% (n = 38) 

Participants who were living with someone vulnerable to Covid-19 were 1.88 

(CI, 1.1 - 3.1) times more likely to report they were food insecure (P = 0.027; 

Table 3.4). 

3.5.5 Concern for food availability. 

Over a quarter of all adults (27.8%) in this study said they were worried their 

household would not have enough food at the start of the first lockdown, of 

which a tenth indicated this was sometimes or often true (10.5%). We split 
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the participants into the categories of food secure (n = 421) and food 

insecure (n = 94) and found 81.5% of food secure (n = 343) were not worried 

about running out of food and just 29.8% of food insecure participants (n = 

28) were not worried. 

3.5.6 Eating preferred food by food security status and income 

quintile.  

Analysis by income quintiles found similar proportions of participants 

indicating that they were unable to eat the type of foods they preferred due 

to lack of food available (P = 0.624). Participants in IQ1 also reported lack 

of money as a reason for not being able to eat the foods they preferred 

compared to IQ3 (P = 0.002), IQ4 (P = 0.016) and IQ5 (P = 0.009). Analysis 

by food security status indicated a greater proportion of food insecure 

participants (69.1%) were unable to eat the foods they preferred due to lack 

of foods available compared to food secure (36.1%; P <0.001). Eating non-

preferred foods because of a lack of money was true for some amongst the 

food insecure (12.8 %) but not those who were food secure (0.0 %; P 

<0.001). 

3.5.7 Differences in household income, food spend and food 

security status.  

Most participants provided details of household income and food spend 

prior to and during Covid-19 (n = 468). There was an 11.1% difference in 

the median equivalised household income between food secure (n = 385) 

and food insecure (n = 85), with food secure households having on average 

£89.86 more per week during lockdown (P < 0.01). Median food spend per 

week during lockdown was similar for food secure (£86.03 [£60.18 - 
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£115.02]) and food insecure (£89.32 [£57.13 - £173.08]) per week; (P = 

0.582). The proportion of income required for food spend in food secure 

respondents was 9.5% and food insecure 11.0% (Table 3.1). 

3.5.8 Change in food spend amount per week during the first 

UK lockdown by food security status.  

Median food spend during the first UK lockdown was £86.51 per week. 

Households who increased their food spend did so on average by 44.0 %, 

whilst households who decreased food spend did by 28.1 % (Table 3.5). 

Food secure and food insecure households who increased food spend, did 

so by a similar proportion (43.7 % and 46.7 % respectively). The percentage 

of income spent on food was numerically, but not significantly, greater for 

food insecure households compared to food secure (P = 0.151; Table 3.5). 

When households’ food spend remained the same during lockdown, food 

insecure households spent a greater proportion of their income on food 

compared to food secure (P = 0.003; Table 3.5).  

3.5.9 Proportion of income spent on food and odds of food 

insecurity.  

The proportion of household income spent on food in the UK averages 

10.8% (DEFRA, 2022b) with those in the highest income quintile spending 

less (8.0%) (JFK, 2022). The results from binary ordered logistic regression 

(unadjusted) found respondents who spent 15% (n = 25) or more of their 

household income on food (income and food spend equivalised) were 2.43 

[CI:(1.004 -5.882)] times more likely to experience food insecurity compared 

to respondent who spent less than 5% of their income on food (P = 0.049). 

(Figure 3.1). 
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3.5.10 Shopping habits.  

As shown previously, in person shopping reduced during lockdown and this 

occurred for food secure (P < 0.001) and food insecure participants (P < 

0.001), however the frequency of shopping in person during lockdown was 

lower for food insecure (2.98 ± 1.54) compared to food secure (3.32 ± 1.35; 

P = 0.05). This coincided with a slight increase in the frequency of using 

click and collect in both food secure (P < 0.001) and food insecure groups 

(P = 0.017). Whilst there was not a significant difference in click and collect 

between food secure and food insecure groups during lockdown, there was 

a clear trend, appearing higher in food insecure compared with food secure 

(P = 0.067). There was a reduction in the frequency of shopping at the big 

four UK supermarkets and discounter supermarkets for all households 

during lockdown (P < 0.001).  

3.5.11 Eating habits.  

Participants were asked to self-report if they thought they had eaten less 

than, about the same or more than their usual diet since the 23rd of March 

2020. Those who were classified as food insecure (n = 94) were 2.1 (CI 1.4 

-3.0) times more likely to report they thought they were eating less than 

usual their usual diet, however the majority of respondents felt that their diet 

was as healthy as it was prior to lockdown. Despite this, food secure 

households reported a lower proportion of the population decreasing their 

fresh fruit intake (15.8%) compared to food insecure (32.3%; P = 0.060) as 

well as fresh vegetable intake (11.8% vs 35.1% respectively; P = 0.001). 
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Consumption of breakfast cereal remained the same for all (72.4% food 

secure and 61.3% food insecure).  

3.5.12 Coping strategies.  

We further asked participants to indicate if they had to employ any strategies 

to cope with not having enough food or money to buy food. Those who were 

food insecure more frequently relied on less preferred or less expensive 

foods than the food secure (P < 0.001). They were also 3.1 (CI 2.2 - 4.4) 

times more likely to reduce the quantity (P <0.001) and 4.1 (CI 2.8 -6.2) 

times more likely to reduce the variety of fruit and vegetables consumed (P 

< 0.001). Access to food banks was not reported by any respondents. Six 

out of the 8 people who reported purchasing food on credit were in the food 

secure category.  

3.6 Diet diaries, nutrient intakes and food security status.  

In total 6 males and 50 females completed a 3- or 4-day diet diary using the 

“Libro” app (Nutritics 2021). Because of low numbers of males, only data for 

females was analysed further for impact of food insecurity.  

3.6.1 Energy for all participants.  

A non-plausible energy intake below the lower Goldberg cut off point was 

found in 11 participants. None exceeded the higher cut off point. One 

individual who was food insecure had EI: BMR below the Golberg limit, 

whilst 10 food secure participants were below the lower cut off.  

3.6.2 Energy intake and BMI. 

Energy intakes of all females aged 19-65 years was 1751 ± 50.50 kcal. 

Seven food secure participants (12.5%) had an EI: BMR ratio below the 
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lower cut off point but were not excluded from the analysis. Food secure (n 

= 44) and insecure (n = 6) had similar energy intakes (1728 ± 53.85 kcal 

and 1924 ± 136.37 kcal respectively). The BMI of food secure participants 

was within the healthy range (23.4) whilst those for the food insecure fell 

within the overweight category (28.5) although there was no significant 

difference between the two groups.  

3.6.3 Macronutrients.  

Carbohydrate intake provided slightly below the recommended 50% of 

energy for both food secure (44.0 ± 1.2%) and food insecure 42.9 ± 4.2% 

(P = 0.763), whilst energy from total fat exceeded the recommended 33% 

(36.5 ± 1.1% and 36.9 ± 3.2% food secure and insecure respectively) but 

did not differ between the groups (P = 0.898).  The 11% energy from 

saturated fat was similarly exceeded for both food secure and insecure 

(12.7 ± 0.7 % and 12.5 ± 1.5% respectively; P = 0.933) as was protein intake 

(151.0% and 157.5% of DRV; P = 0.511).  There were comparable intakes 

of fibre for both food secure and food insecure ~75% of the DRV (22.6g 

[18.5 - 29.67] and 22.5g [20.3 - 27.3] respectively; P = 0.965) and free sugar 

consumption was within the recommendations of <5% of energy for both 

groups (food secure - 2.1% [1.1 - 5.0%] and food insecure - 1.6% [0.7 - 5.1]; 

P = 0.456). 

3.6.4 Micronutrients – vitamins. 

Intakes of most vitamins were similar, but B2 (riboflavin) was significantly 

negatively influenced by food insecurity (Figure 3.2: A-D). Those who were 

classed as food insecure consumed 36% less riboflavin than food secure 
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individuals with values of 0.7 mg [0.6 - 1.1] and 1.1 mg [0.9 - 1.5] 

respectively (P = 0.030; Figure 3.2A).  

Food secure females exceeded the RNI for folate (104.9% of the RNI) whilst 

food insecure intakes were lower than the RNI (82.6%), but no significant 

difference was found between groups (P = 0.222; Figure 3.2B).  

Intakes of vitamin B12 were numerically very different between groups (2.5 

μg [1.4 - 3.9] and 1.1 μg [0.5 - 2.5] for food secure and insecure 

respectively), but this difference did not quite achieve significance (P = 

0.057; Figure 3.2C). Vitamin A requirements for females 19+ in the UK are 

set at 600 µg-d. Food insecure females had a low intake compared to the 

RNI (59.4% of the RNI) and consumed 51.6% less vitamin A compared to 

food secure individuals but again the difference, while considerable was not 

significant (P = 0.311; Figure 3.3D).  

3.6.5 Micronutrients – minerals. 

Mineral intakes were not seen to vary significantly, however, consumption 

levels for several minerals were routinely low and also showed large 

numerical differences indicating trends towards lower intakes amongst the 

food insecure group (Figure 3.3: A-E). 

Iron intakes of females 19-49 years (n =26) were low compared to the RNI 

with 96.2% consuming below the RNI (14.8 mg d-1) and 57.7% below the 

lower reference nutrient intake (LRNI; 8.0 mg d-1). Amongst those who were 

food insecure, iron intakes were 28.9% lower but not significantly so 

compared to food secure (5.65 ± 1.31 mg d-1 vs 7.96 ± 0.70 mg d-1; P = 

0.198; Figure 3.3A). Iron intakes were slightly higher in females over 50 
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years (8.37 ± 0.70 mg d-1) compared to 19-49 years and, as requirements 

are lower in this group, the proportion below the LRNI and RNI was reduced 

to 12.5% and 54.2% respectively. Only two participants were food insecure 

in the over 50 group, so comparisons could not be made by food security 

status (Figure 3.3B). 

Zinc from dietary sources was low compared to the RNI for the majority of 

females 19-65 years (median 84.2% [58.1 – 106.1] of RNI), with 70.0% 

below the RNI and 24.0% below the LRNI. This did not differ with food 

security status (P = 0.439; Figure 3.3C). 

Iodine intakes were also low compared to the RNI (140µg d-1) for all (41.8% 

[23.3 - 66.7]) with 92.0% below the RNI and 54.0% below the LRNI (70 µg 

d-1). Whilst intake in food insecure females was 53.6% lower (46.1 µg d-1 

[22.0 – 66.2]) compared to food secure (70.8 µg d-1 [34.3 – 99.6]) this was 

not significant (P = 0.257).  

Only two females aged 19-65 years in our study had a dietary intake of 

selenium above the RNI (60 µg d -1), with the remainder below the RNI and 

74.0% were below the LRNI (40 µg d-1). No differences were detected 

between the food security groups (P = 1.000; Figure 3.3E). 

3.7 Discussion. 

In this study we found that lockdown de-stabilized the access to food and 

the perception of accessibility across all income domains, not exclusively 

those on lower incomes. However, those households with the lowest 

incomes did experience food insecurity more severely than those with 

higher incomes. We show that food insecurity is felt and feared in affluent 
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groups as well as those on low incomes and that the anxiety around limited 

food availability drives behaviour change to ensure the security of personal 

acquisition. Although it must be noted this study utilised a convenience 

sampling method and as such the survey population is not representative 

of the general population. The respondents in this study were typically 

overrepresented for those earning above the national median wage and 

educational attainment, as such the prevalence of food insecurity during the 

first UK lock is likely to be under reported in this study.  

We find that the intake of a number of micronutrients is significantly below 

requirements and for vitamin B2 this is exacerbated by the presence of food 

insecurity. We found that, under lockdown conditions, having a low income, 

being self-employed or unemployed (for whatever reason), living with 

people vulnerable to disease and having children, greatly increased the 

likelihood of reduced food security. Notably these factors in addition to 

limitations in availability, increased anxiety about household food provision. 

These findings are in line with previous work (Sharma, 2020; Clay and 

Rogus, 2021; Raifman et al., 2021; Molitor et al., 2021), but in this study, we 

specifically highlight the fact that these same factors are relevant to more 

affluent groups. Those categorised as food insecure were less able to eat 

preferred foods both due to availability and financial constraints and their 

shopping trips were reduced compared to food secure. It has been 

suggested that this may be because individuals with a higher level of 

education tend to have a more diverse diet from the outset (Ogundijo et al., 

2021). There did not appear to be a movement to cheaper shops for the 

food insecure, but rather they appeared to try to replace it with click and 
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collect (albeit the association was not quite significant). We additionally saw 

clear trends indicating reduced intakes of important nutrients (e.g., 

riboflavin) in the food insecure group.  

The nature of the participants, representing a relatively affluent cohort, 

highlighted an important aspect of the “food insecure” group. These people 

were, for the most part, very well educated and earning reasonable salaries, 

certainly to a level that would not be expected to be associated with food 

insecurity. Their responses, however, clearly indicated that they were either 

experiencing difficulties or had greater anxiety around their food security 

status, their responses, however, clearly indicated that they were either 

experiencing difficulties or had greater anxiety around their food security 

status, these findings align with a study in the US which found 19% of 

participants during the initial stages of COVID-19 (mid-March 2020) who 

had a very low food security status, had a high income (>$59,000 a year) 

whilst 21% with a graduate degree indicated they had a very low food 

security status(Wolfson and Leung, 2020). A recent study suggested that a 

higher percentage of people reporting they were moderately or greatly 

affected during the pandemic in their shopping habits had postgraduate 

degrees compared with school, college or undergraduate degree holders 

(Ogundijo et al., 2021). Higher qualification levels were suggested to be 

associated with a more significant impact on food purchasing due to greater 

anxiety driving food purchases in the face of reduced variety of foods that 

are customarily available to them. This may have prompted our respondents 

to answer positively regarding worrying about running out of food, but this 
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worry resulted in stockpiling and over-purchasing, thereby limiting further 

availability both for themselves and lower income households. 

Covid-19 exposed fragilities in procuring food as the household income 

changes (Power et al., 2020) but we found both food secure and food 

insecure households adjusted their shopping habits similarly. This 

suggested that, for this study population, experience of food insecurity was 

primarily due to a lack of food availability rather than affordability, although 

households with the lowest incomes did indicate financial constraint was a 

factor in worrying about running out of food. Although income decreased in 

all groups, the proportional reduction was lower for food secure households, 

which may have afforded them the ability to still purchase food at the same 

level or potentially greater as a result of the reduction in extraneous costs 

(e.g., travel to work)(ONS, 2022a). Food budget modification was probably 

either limited or not required in this group. However, for other households 

the higher percentage loss of income may have caused the food budget to 

be modified to pay for other household bills and costs. Limited availability of 

foods was the principal reason for the experience of food insecurity in this 

study and this was worsened by limited availability of supermarket delivery 

services, minimum spend and delivery cost associated with shopping online 

and restrictions on movement hampering access to shops (ERRA, 2021). 

During the first lockdown the infrastructure for click and collect and home 

delivery increased to cope with the demand (Rigby, 2020; McKevitt, 2020), 

thereby diminishing the likelihood of limited food availability for wealthier 

households in subsequent lockdowns. This was probably of limited value to 
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lower income households because of the constraint that the requirement for 

a minimum spend imposes (Spurlock et al., 2020).  

The increase in food spend by wealthier households limited the availability 

of certain types of foods for others, such as core staple items of pasta, rice 

and bread. The week before the first UK lockdown was imposed, increases 

in purchasing were observed across all social classes compared to the 

same time the previous year, however households who were more affluent 

increased purchasing compared to less affluent groups (PHE, 2020b).  

Our data follows a similar trend to national data in that food insecurity was 

experienced at a greater level by younger individuals and those with a lower 

household income (DEFRA, 2021). Furthermore, our results concur with 

studies researching the experience of food insecurity internationally, in that 

there was an increase in the experience of food insecurity during and after 

the initial lockdowns (Benites-Zapata et al., 2021; Dondi et al., 2021; Gaitán-

Rossi et al., 2021; Kang et al., 2021; Kent et al., 2022; Niles et al., 

2020)Households experiencing food insecurity spent a significantly greater 

proportion of income on food. Furthermore, we found that the prevalence 

and severity of food insecurity was greatest for households when the 

proportion spent on food and non-alcoholic beverages exceeded 13% of 

equivalised household income. Engle’s law states that the proportion of 

income spent on food decreases as wealth increases (Drewnowski, 2003). 

Here, we further show that as the proportion of income spent on food 

increases, the risk of food insecurity increases directly with it (Figure 3.1). 

Within this population of relatively affluent individuals, we found that, above 

a percentage spend of 10% on food, the relative risk of food insecurity 
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increased by 0.07 for every 1% increase in proportion of income spent on 

food. It is unclear what the proportional increase in risk might be for lower 

income groups, but it can be envisaged that this is likely to be higher than 

in this case. With current food price increases, the proportional increase in 

food spend has already increased (Indu et al., 2022) latest data for 

commonly consumed food and drink items show prices have risen by 9.8% 

in the previous 12 months to June 2022 (Indu et al., 2022) placing a 

significant burden on all, but most severely those on low incomes. 

Data from DEFRA showed that the proportion of household spend on food 

and non-alcoholic drinks in the UK in 2018/19 was 10.6%, whilst for those 

in the lowest 20% income quintile this was 14.7% (DEFRA, 2020). So, prior 

to covid, these discrepancies were already apparent (Connors et al., 2020; 

Ellie Thompson et al., 2019) and with the increased cost of living alongside 

the removal of the £20 uplift in universal credit (The Food Foundation, 

2022b), the proportion for the lowest income group will either be higher or 

have reached a threshold spend beyond which access to food banks or 

simply doing without food, becomes commonplace. 

A Food Foundation survey during the Covid-19 Pandemic found that 14% 

of adults living with children reported experiencing moderate or severe food 

insecurity from March to September 2020 (~ 4 million people including 2.3 

million children). The same survey found that 12% adults living with children 

said they skipped meals, whilst 4% said that they had gone without food for 

a whole day because they could not afford or access food (School Food 

Matters, 2020). The UK Food Standards Agency (FSA) previously showed 

that adults living with children and particularly those on low incomes are 
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more likely to experience food insecurity. Whilst most older people are food 

secure, around 10-20% of those aged 55 years and above experience some 

level of food insecurity (Fuller et al., 2019). 

We evaluated the dietary intakes of participants, albeit with a relatively small 

sample size. Riboflavin intakes were low compared to the RNI for food 

insecure females (77% of the RNI) with 67% below the LRNI. Riboflavin 

functions in a diverse array of redox reactions critical in cell metabolism via 

the cofactors, flavin mononucleotide (FMN) and flavin adenine dinucleotide 

(FAD) respectively. These cofactors act as important electron carriers in 

metabolism (e.g., succinate dehydrogenase) and in fatty acid oxidation. 

Recent evidence indicates that riboflavin deficiency can precipitate the 

development of anaemia and sub optimal intakes are known to negatively 

impair iron utilization and hemoglobin synthesis (Powers et al., 2011). Other 

research shows riboflavin deficiency causes metabolic dysregulation in 

animals (Prentice and Bates, 1981) and can impact on the utilisation of other 

important B vitamins such as folate, vitamin B12 and Vitamin B6 (Thakur et 

al., 2017; Powers, 2003). In addition to riboflavin, a general trend showing a 

reduction of vitamin B12 and vitamin B6 is also reported in participants, 

although these changes were not statistically significant. B vitamins, 

including B12 and B6 are known to be important in the metabolism of 

phospholipids and neurotransmitters and as such, deficiencies can cause 

haematological and neurological problems (Shipton and Thachil, 2015). 

Moreover, adequate intakes of vitamin B1, B2, B12, B3 are associated with 

lower risk of NAFLD (Vahid et al., 2019) and both B6 and B12 appear 

important in the metabolic pathway responsible for homocysteine 
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metabolism, a marker for cardiovascular diseases (Zaric et al., 2019). 

Combined, it is feasible that sub-optimal levels of B vitamins, as reported in 

the current study, could predispose individuals to various health related 

problems.  

Another trend observed in the current research was a reduction in vitamin 

A status in participants. Vitamin A has roles in growth, and in the prevention 

of night blindness (Tanumihardjo et al., 2016) and reduced vitamin A status 

increases the risk of infection (Thurnham et al., 2003). Marley et al (2021) 

recently demonstrated that in patients replete or having abnormal levels of 

vitamin A have increased rates of inflammation and C-reactive protein. This 

study pointing to an important roles of vitamin A in mitigating rates of 

inflammation.  

3.8 Limitations of the study. 

The data is in this study is largely self-reported, however, the tools used 

are validated methods. Although the tools in this study have been used in 

previous studies (e.g., HFIAS), they were not tested for the demographic in 

this study. Furthermore, the overall survey itself was not piloted prior to 

launch. This alongside the survey being completed online meant it was not 

possible to ascertain if the wording of the questions was fully understood by 

the participants.  

The population who participated in the study had above average levels 

of education and income and as such cannot be reflective of the general 

population. However, it does highlight food insecurity can be felt in 

population groups not typically thought to experience food insecurity. 
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Indicating the prevalence of food insecurity in the UK is likely to be higher 

than reported and impacting a wider demographic of the UK population. 

Although it must be noted, the statistical approach used in this study 

did not adjust for confounding factors (e.g., educational attainment or 

occupational status), as such the results for the experience of food 

insecurity across income levels may have altered if cofounding factors were 

taken into account. 

There have been limited studies measuring actual dietary intakes in 

food insecure groups, so by successfully utilizing a dietary monitoring app 

to capture food intake in geographically or socially isolated people across 

the age spectrum, as in this case, we have shown that this potentially 

represents a feasible means of obtaining dietary intake information in 

groups less physically accessible. We have additionally shown that the 

HFIAS tool, most usually employed to measure food insecurity as a result 

of financial/resource constraint, can usefully be employed to assess the 

impact of food availability in a western population. Using these approaches, 

we show that groups at risk of food insecurity when faced with an unreliable 

food supply chain, can be identified. The results may aid policy maker’s 

decisions for the supply of funds/support for population groups at risk of the 

experience of food insecurity in the future.  

3.9 Conclusions. 

Anyone can be food insecure or at least feel that they are. For those on 

higher incomes, “necessary” expenditure (e.g., debt servicing, elevated 

household bills) may prohibit prior freedoms of food purchasing if income is 

reduced or added financial burdens are placed upon them (children 
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returning home, requirement to care for elderly relatives, energy, and 

mortgage cost increases). Additional drivers such as accessibility can 

further amplify the perception of personal food instability, all of which can 

result in disproportionate purchasing. These factors add to the burden of 

patent food insecurity amongst those with lower incomes as their ability to 

purchase what remains is compromised due to available choice and cost, 

with healthier foods in general being more expensive. 

In this study, we found that despite mostly being in receipt of incomes 

approximating to the national average or higher, food insecurity was still 

experienced by nearly 20%. Those who experienced food insecurity had a 

lower household income (10.5% less) and were required to spend a much 

greater proportion of it (16% more) on food compared with food secure 

participants. However, food insecurity was predominantly driven by a lack 

of available food, although those in lower income groups indicated that 

financial constraint was a significant factor. Furthermore, when spend on 

food exceeded 13% of income the risk of experiencing food insecurity 

increased by 1.6-fold (p = 0.016). 

Deficiency related diseases will be much more prevalent in those who 

are food insecure in the UK, and here we found that riboflavin intakes were 

36% lower amongst food insecure compared to food secure individuals (p = 

0.03). Whilst not significant, vitamin B12 intake was 56% lower and iodine, 

53.6% lower in the food insecure, indicating a broader potential for 

deficiency in subgroups of food insecure participants. However, deficiency 

related diseases may still occur in people who are food secure, as 
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deficiencies for specific nutrients, such as iron, are not uncommon (e.g., 

iron). 

In summary, we observed a significant level of food insecurity within a 

population not typically considered at risk as >50% received a household 

income equivalent to or greater than the national average, resulting in 

specific nutritional intake deficits. The use of the proportion of income 

required to be spent on food has the potential to be an indicator for the risk 

of food insecurity and may help identify groups at risk when food spend 

equals or exceeds 15% of income. 
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Table 3-1. Participant characteristics.  

  All Food Secure Food Insecure p  
value   n Median 25th–75th Percentile n Median 25th–75th Percentile n Median 25th–75th Percentile 

Age (years)  515 44.0 33–52 421 45.0 33–54 94 41.0 33–50 0.031 * 

Height (m) Male  77 1.80 1.75–1.85 62 1.80 1.75–1.85 15 1.80 1.78–1.85 0.395 

Female  423 1.65 1.61–1.70 346 1.65 1.61–1.70 77 1.63 1.61–1.68 0.095 

Missing  14 N/A N/A 12 N/A N/A 2 N/A N/A  

Weight (kg) Male  78 85.1 75.0–99.5 63 84.6 76.0–96.2 15 86.0 74.0–119.0 0.506 

Female  412 66.0 59.9–78.0 336 66.0 60.0–77.4 76 67.3 58.2–81.8 0.837 

Missing  24 N/A N/A 21 N/A N/A 3 N/A N/A  

BMI Male  76 26.1 23.7–30.1 61 25.9 23.7–29.8 15 27.1 23.1–31.1 0.681 

Female  403 24.3 21.6–28.3 329 24.2 21.7–28.1 74 24.8 20.9–28.8 0.789 

Missing  35 N/A N/A 30 N/A N/A 5 N/A N/A  

Equivalised income per week (£)  470 853.69 551.69–1182.20 385 853.69 580.56–1243.71 85 763.83 288.69–1123.28 0.038 * 

Food spend per week (£)  468 86.51 59.74–116.33 383 86.06 60.19–115.02 85 89.32 57.13–124.14 0.582 

Proportion of income (%)  466 9.9 6.4–16.3 381 9.5 5.7–15.4 85 11.04 7.3–21.7 0.011 * 

Household size  512 2.0 2.0–4.0 418 2.0 2.0–4.0 94 3.0 2.0–4.0 0.140 

Sex  n (%) n (%) n (%)  

 Male  79 (15.3) 64 (15.2) 15 (16.0) 0.861 

Female  435 (84.5) 356 (84.6) 79 (84.0)  

Missing  1 (0.2) 1 (0.2) n/a n/a  

Income quintiles      1(<£25,700.47)  98 (20.9) 72 (18.7) 26 (30.6) 0.117 

2 (>£25,700.47)  90 (19.1) 75 (19.5) 15 (17.6)  

3 (>£39,643.18)  99 (21.1) 80 (20.8) 19 (22.4)  

4 (>£53,277.87)  84 (17.9) 73 (19) 11 (12.9)  

5 (>£75,503.02)  99 (21.1) 85 (22.1) 14 (16.5)  

Comparison between food secure and food insecure groups for Age (years), height (m), weight (kg), equivalised income, food spend, and the proportion of income spent on food 
as well as household size and body mass index (BMI) tested with MANN Whitney U (* indicates significance at the p < 0.05 level). Differences in the frequency of individuals 
represented in food secure and food insecure groups for sex and income quintile were tested with Pearson Chi Sq. (* significant at the p < 0.05 level). n/a = not applicable
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Table 3-2. ODDs of food insecurity amongst the income quintiles during the Covid-19 
lockdown. 

Income Quintile (per Year (£)) n OR (CI) Lower (CI) Upper p Value 

1 (<£25,700.47) 140 2.02 1.02 4.01 0.043 

2 (>£25,700.47) 90 1.21 0.55 2.68 0.631 

3 (>£39,643.18) 99 1.44 0.68 3.07 0.342 

4 (>£53,277.87) 84 0.92 0.39 2.14 0.837 

5 (>£75,503.02) 99 REF REF REF REF 

OR = Relative Risk.  
CI = Confidence Interval.  
n Number  
ǂ Percentage who were food insecure.  
* Significant at the p < 0.05 level (Binary logistic regression)
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Table 3-3. Odds of the experience of food insecurity by employment status prior to and during the first Covid-19 lockdown. 

Employment Status 
Food Secure v Food Insecure 

Prior to covid-19 lock down 
 

Food Secure v Food Insecure 

During the first UK lock down 
 

 n OR CI lower CI Upper p Value n OR CI lower CI Upper p Value 

Full time 320 REF REF REF REF 269 REF REF REF REF 

Self employed 44 1.89 0.91 3.90 0.086 35 2.34 1.07 5.13 0.033 

Part-time 89 0.79 0.40 1.54 0.483 80 0.65 0.30 1.39 0.267 

Unable to work due to 

sickness or disability 
8 8.40 1.95 36.20 0.004 12 5.11 1.58 16.59 0.007 

Homemaker 12 1.68 0.44 6.41 0.448 17 1.57 0.49 5.05 0.446 

Unemployed 7 12.59 2.38 66.64 0.003 15 4.47 1.54 12.97 0.006 

Retired 32 0.52 0.15 1.77 0.297 50 1.12 0.51 2.48 0.774 

Furloughed n/a n/a n/a n/a n/a 34 0.50 0.15 1.69 0.262 

Prefer not to say 2 5.04 0.31 81.81 0.256 2 5.11 0.31 83.30 0.252 

Association of employment type/status prior to and during lockdown and odds of food insecurity. Values for the odds of food insecurity (95% confidence intervals) are shown 
Reference group, Full time employed. The total number in each group (n) is also indicated. Binary logistic regression. 
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Table 3-4 Relative risk of food insecurity when following government movement restriction guidelines. 

QN  
Relative Risk (RR) Of Food Insecurity If in Listed Government 

Guidelines 

  n 
Ŧ  

(n) 

ǂ  

(%) 
RR (CI) p Value 

1 Not self-isolating but following government guidance on social distancing 442 (72) (16.3) 0.5 (0.4–0.8) 0.005 * 

2 Self-isolating for 7 days, following symptoms 2 (1) (50.0) 2.8 (0.7–11.2) 0.244 

3 
Self-isolating for longer than 7 days following symptoms, because you still have a temperature 

(above 37.8 °C) 
1 (1) (100.0) 5.5 (4.6–6.6) 0.034 *,¥ 

4 
Self-isolating for LONGER than 14 days following symptoms in a member of your household, 

because YOU have developed symptoms during this time 
0 (0) (0.0) n/a n/a 0.636 ¥ 

5 
Not leaving your home because you are at a VERY HIGH RISK of COVID-19 and have 

received a letter from the NHS (Shielding) 
9 (1) (11.1) 0.6 (0.1–3.9) 0.313 ¥ 

6 

Not leaving your home except to get essential items such as food and medicine because you 

are at HIGH RISK of COVID-19, e.g., are 70 or older, pregnant, have diabetes, taking 

medication that can affect your immune system. 

27 (9) (50.0) 1.9 (1.1–3.4) 0.037 *,¥ 

7 
Not leaving your home because someone in the household is more vulnerable to the virus 

(i.e., not high risk but at greater risk) 
38 (12) (31.6) 1.8 (1.1–3.1) 0.027 * 

8 Status isolating or not Prefer not to say 3 (0) (0.0) n/a n/a 0.412 ¥ 

QN = Question number; RR = Relative Risk; CI = Confidence interval; Ŧ Number of people who food was insecure; ǂ Percentage of employment type food insecure; ¥ cells have 
an expected count of less than 5; * Significant at the p < 0.05 level (Pearson Chi-Square). n/a = not applicable. 
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Table 3-5 Change in food spend from prior to, to during lockdown by food security status. 

 Food Spend Change Groups  

 Increase Stayed Same Decrease p Value 

Total 

n  174 209 83  

Percentage of income spent on food (%)  11.5 a 8.74 b 9.2 b 0.001 ** 
Percentage of group (%)  (37.3) (44.8) (17.8)  

Change in food spend (£)  +33.57 0 −30.31  

EQVINC Weekly income (£) 
Median 853.69 853.69 878.11 0.380 

25th 597.11 530.07 584.1  

75th 1297.42 1182.2 1129.32  

Food secure 

n  144 174 63  
Percentage of income spent on food (%)  11.4 a 7.9 b 9.2b <0.001 ** 

Percentage of group (%)  (37.8) (45.7) (16.0)  

Change in food spend (£)  +32.38 0 −28.88  

EQVINC Weekly income (£) 
Median 853.69 853.69 853.69 0.716 

25th 609.97 575.49 548.52  

75th 1279.16 1269.49 1176.70  

Food insecure 

n  30 35 20  
Percentage of income spent on food (%)  14.3 a 10.6 a,b 8.4 b 0.047 * 

Percentage of group (%)  (35.3) (41.2) (23.5)  

Change in food spend (£)  +39.89 0 −35.9  

EQVINC Weekly income (£) 
Median 891.17 561.51 909.56 0.028 * 

25th 520.34 225.86 629.03  

75th 1366.22 935.85 1024.57  

p value  Food secure v food insecure percentage of income  0.151 0.003 * 0.866  
p value Food secure v food insecure Change in EQVINC Weekly income (£)  0.780 0.002* 0.802  

Kruskal–Wallis used to test for differences in the proportion of income spent between the food spend groups for food secure and food insecure, Mann–Whitney U to test for 
difference between food secure and food insecure EQVINC = Equivalised household income, Letters differentiate significance across the categories * Significant at the p < 0.05, 
** Significant at the p < 0.001. 
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Table 3-6. Schofield equations for estimating BMR (kcal/d) from weight (kg). 

 

BMR (kcal/d) 

Age (Years)  Males Females 

10-17 17.7 x Wt. + 658.2 13.4 x Wt. + 692.6 

18-29 15.0 x Wt. + 692.1 14.8 x Wt. + 486.6 

30-59 11.5 x Wt. + 873.0 

8.1 x Wt. +845.6 

60+ 11.7 x Wt. + 587.7 9.1 x Wt. + 658.4 

WT = weight 

Table adapted from PILOT-PANEU project. 

 

Table 3-7 Physical Activity Level (PAL) values for category of physical activity (age 
dependent) and the corresponding lower and upper cutoff values. 

Age group 

(years) 

Category of 

Physical 

Activity 

PAL Lower Cut-off Upper cut-off 

18-69 Low 1.4 0.872 2.249 

 Moderate 1.6 0.996 2.570 

 Vigorous 1.8 1.120 2.892 

70-74 Low 1.4 0.872 2.249 

 Moderate 1.6 0.996 2.570 

PAL = Physical Activity Level 

Table adapted from PILOT-PANEU project. 
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Figure 3-1.The odds of experiencing food insecurity compared to respondents who spend 
<7.9% (ref group) of income on food and non-alcoholic beverages. Results shown are 
relative odds ratio with 95% confidence intervals. Respondents were included in the 
analysis if they provided details of their income and food spend (n = 468). * Significant at 
the p < 0.05 level  

* 
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Figure 3-2 (A–D) The proportion of the Reference Nutrient Intake (RNI) met for vitamins 
amongst food secure (n = 44) and food insecure (n = 6) females aged 20–65 years. The 
red line indicates 100% of the RNI. * Significant at the p < 0.05. ns = non-significant. 
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Figure 3-3. The proportion of the Reference Nutrient Intake (RNI) met for minerals amongst food secure (n = 44) and food insecure (n = 6) females aged 20–
65 years. The red line indicates 100% of the RNI. ns = non-significant. 
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 Food security status and diet following the removal of the uplift to 

Universal Credit: Benefits and Nutrition Study (BEANs), a cross 

sectional study. 

4.1 Authors contribution  

Conceptualization, M.T, L.C, and S.W.; methodology, M.T., P.OR. and 

S.W.; formal analysis, M.T., P.OR., S.W.; data curation, M.T. and S.W.; 

writing—original draft preparation, M.T., P.OR. and S.W., writing—

review and editing, M.T. and S.W.; visualization, M.T., supervision, 

S.W., and L.C.; project administration, M.T. and S.W.  

4.2 Abstract. 

Objectives. 

This study’s primary objectives were to measure the prevalence and 

severity of household food insecurity amongst adults in receipt of UC at a 

time when the uprating had recently been removed. To investigate the £20 

a week uprating and subsequent removal on Food Bank usage. Assess the 

perceived barriers to accessing food during the Covid-19 pandemic and 

since the easing of restrictions. Estimate the diet quality and micronutrient 

intakes of females in receipt of UC compared to females of the same age 

within the general population, stratified by income.  

Methods. 

The prevalence and severity of food insecurity is measured using the USDA 

adult survey food security module. Dietary intake estimated with four non-

consecutive computerised 24-hour dietary recalls and diet quality assessed 
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using the Dietary Quality Index- International tool. The National Diet and 

Nutrition Survey years 9-11 provided a comparator for understanding 

differences in nutrient intakes of females with an income from UC to the 

general population when stratified by equivalised income. Binary logistic 

regression models were used to understand factors associated with food 

insecurity and severity amongst UC claimants. 

Results. 

This cross-sectional survey collected data from 349 participants (mean age 

41 years; 73.4% women) with an income from UC and who received the £20 

a week uprating. Many participants with and income from UC were food 

insecure (89.4%) with 64% having “very low food security”. Most perceived 

the £20 a week uprating increased fruit and vegetable intake (58.7%) and 

66.5% felt the loss of the uprating had decreased intake. Foodbank access 

increased by 72% after the removal of the uprating. Total diet quality of 

females aged 23-61 years was lower (45.9%) compared to females of the 

same age in the NDNS EQV tertiles (49.6% -55.8%; P = 0.023 - P <0.001). 

Vitamin A as a percentage of the Reference Nutrient Intake (RNI) 

significantly lower (69.2%) compared to NDNS EQV (94.1% -135.3%; P = 

0.006 – P<0.001) as was selenium (48.3%) compared to NDNS EQV 

(63.1% -75.8%; P = 0.008 - P <0.001). A greater proportion of women with 

an income from UC were below the Lower Reference Nutrient Intake (LRNI) 

for riboflavin (30.2%) compared to NDNS EQV (15.3% – 7.2%; P =0.021 –

P <0.001) and for zinc (20.9%) compared to NDNS EQV (8.4% - 0.0%; P 

=0.016 – P<0.001). 
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Conclusions. 

The prevalence and severity of food insecurity amongst UC claimants is 

detrimental to their nutritional security. The £20 a week uprating could be 

proactive against food and nutritional insecurity as many felt it had afforded 

them the opportunity to increase fruit and vegetable intake. However, the 

diets of females claiming UC does not meet the definition of food and 

nutrition security. We show evidence for increased diet quality and 

micronutrient intake amongst females as income increases therefore the re-

introduction of the £20 a week uprating to UC could help to improve diet 

quality and micronutrient intakes amongst female UC claimants. 

4.3 Introduction. 

Households that are unable to obtain sufficient quantity and quality of food 

at all times and for all member of the household either because of 

insufficient economic resources or other resources are food insecure 

(USDA, 2022a). The two levels of food insecurity are low food secure, and 

very low food security (USDA, 2022a). The experience of food insecurity 

has been shown to be  associated with low wages, living poverty, having a 

disability, being unemployed,  living in a household with children and with 

socio-economic status (Rose et al., 1998) (Raifman et al., 2021) (Connors 

et al., 2020) (The Food Foundation, 2023). The experience of food 

insecurity is also strongly linked with ill health (Drewnowski, 2022).  

In the UK, the Welfare System provides financial support to many 

households with a low income in the form of Universal Credit (UC), which is 

paid monthly to eligible working adults with a low income, and/or adults who 
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are not in paid work or cannot work. Universal Credit was introduced in April 

2013 in four postcode areas of the North West, full service roll out was 

completed in December 2018 (DEFRA, 2023). Universal Credit replaces six 

social security benefits and tax credits (Kennedy, 2023)7 often termed 

legacy benefits. The move to UC from legacy benefits in some cases may 

have reduced the amount a person was entitled to, whilst for others the 

amount entitled to increased (Kennedy, 2023). The reforms to the benefit 

system and polices introduced by the Government such as the 5 week wait 

time for the first payment of UC after claiming, the benefit cap, 2 child limit, 

under occupancy penalty and sanctions  have all been highlighted as factors 

in the experience of food insecurity (Geiger et al., 2021).. 

In November 2021, 4.8 million households in the UK were in receipt of UC 

(DEFRA, 2022c) with a median monthly payment value to households of 

£680 (DEFRA, 2022c). As of August 2022, there were 2.5 million 

households claiming legacy benefits and tax credits (DEFRA, 2023). During 

the Covid-19 pandemic those on UC credit received a £20 a week uprating 

to their standard allowance, whilst for those on legacy benefits this was not 

the case. Research has shown the £20 a week uprating was associated 

with an improvement in food insecurity compared to those on legacy 

benefits (Geiger et al., 2021). However, there was still a high percentage of 

those on UC (47%) who experienced food insecurity (Geiger et al., 2021).  

 
7 Universal Credit replaces the following legacy benefits.  

• Income based-Jobseeker’s Allowance 

• Income- related Employment and Support Allowance  

• Income Support 

• Housing benefit 

• Child Tax Credit 

• Working Tax Credit  
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The amount of UC a household receives is dependent on the age of the 

claimants (under 25’s receives a lower monthly standard allowance 

compared to over 25’s), if you are single or in a couple, have children, pay 

for childcare costs, have housing costs, or if you have a disability or health 

condition. Working households have their UC reduced by £0.55 for every 

£1.00 of income earned (GOV, 2023) March 2020 at the start of the COVID-

19 Pandemic the UK government introduced a £20 a week uprating to UC 

to help with the additional costs faced during lockdown for one year. This 

was extended by a further 6 months before officially ending on the 6th of 

October 2021. In 2020/2021, only 7% of UK households indicated that they 

regarded themselves as food insecure ((DWP, 2022). In contrast, 

household receiving UC were 5.7 times more likely to be food insecure than 

the general population, the proportion of households receiving UC who 

experienced food insecurity was 40% of which 14% were marginal, 12% low 

and 15% with very low food security (DWP, 2022).  

Income is a significant factor in food purchasing and low-income households 

have limited choice in the types of food available due to their restricted 

budgets. The paradox of food insecurity and obesity is well documented 

(Yang et al., 2018) (Aceves-Martins et al., 2018) (Benjamin Neelon et al., 

2017) (Keenan et al., 2021) (Jenkins et al., 2021) (Pilgrim et al., 2012). 

Cheaper foods are frequently those with the highest caloric density and lack 

micronutrients. Experience of food insecurity is thought to commonly results 

in greater adoption of these foods at the cost of those which, whilst more 

expensive per calorie, are nonetheless good sources of vitamins and 

minerals, for example fruit and vegetables ((Jenkins et al., 2021). This leads 
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to suboptimal intakes of micronutrients and excessive consumption of fat 

and sugar.  

Monitoring of food security in the UK is as part of the Family Resource 

Survey which uses the 10-question adult food security module. Whilst it is 

known the experience food insecurity follows a continuum of increasing 

severity. however, the impact food insecurity on nutritional security requires 

further research. The characteristics of experiencing low food security is 

reduced quality, variety, and preference of food in the diet but the quantity 

of food is not reduced (Drewnowski, 2022), whilst experience of very low 

food security is associated with constrained food budgets and reduction in 

the quantity of food consumed and caloric intakes (Drewnowski, 2022). 

People with very low food security often adopt coping strategies including 

skipping meals, going hungry or eating smaller meals ((Drewnowski, 2022). 

These adaptations to diet are likely to adversely impair the nutrient profile 

of the diet.  

Research into the experience of food insecurity and micronutrient intakes of 

population groups in receipt of benefits the UK is limited, as such, in this 

study, we set out to investigate the diet quality and micronutrient intakes of 

females with an income universal credit (UC) claimant. Females were the 

focus of the dietary analysis as they have been shown to adapt their dietary 

practices ensure other member of the household are able to eat. (Bennett, 

2014).    

It is hypothesised the prevalence and severity of household food insecurity 

amongst universal Credit in the months after the removal of the £20 a week 
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uplift will be above the national average during the covid-19 pandemic and 

push households towards needing support from the Foodbank. It is also 

hypothesised the prevalence and severity of food insecurity will differ 

amongst household in receipt of Universal Credit depending on household 

composition and employment status. That the removal of the £20 a week 

uprating will impact single adult households the greatest as it contributes a 

greater proportion to overall income.  That the diets of females with and 

income from Universal credit will have a lower quality and micronutrient 

intakes compared to females in the general population. The study also 

investigates participants’ perceptions of the usefulness of the £20 per week 

uprating and the consequences of its subsequent removal on food group 

purchases and foodbank usage. We highlight the extent of the disparity in 

diet quality between UC claimants and the UK general population and find 

significant impacts on food security status of the removal of the UC uplift.  

4.4 Methods. 

4.4.1 Study design.  

This cross-sectional study was completed during the months of September 

2021 to April 2022 amongst households in England, Scotland, and Wales 

with an income from Universal Credit, who were in receipt of the £20 a week 

uprating and aged between 18 and 65 years of age. The data collected 

during the survey pertained to participants sex, age, employment, 

household income, household size, foodbank usage, shopping behaviours, 

food expenditure and food security status in the previous 30 days ((USDA, 

2022c). This information was collected using a single online survey hosted 

by Jisc (Jisc, 2022).  



MANUSCRIPT 3                                      

154 

 

Advertising of the study was targeted to regions of England, Scotland, and 

Wales with high numbers of persons in receipt of Universal Credit as 

detailed on the Department of Work and Pensions Universal Credit 

Claimants Map (Table 4.8). Participants were recruited to the study at three 

time points (September 2021, February 2022, and April 2022) via two-week 

blocks of advertisements on Facebook distributed by Reach PLC. In 

addition to online recruitment, during December 2021, participants were 

recruited in person at a Foodbank, and leaflets distributed at a Social 

Supermarket in Coventry. Participants were given the option to take part in 

a further study investigating dietary intakes.  

Dietary information was collected for three or four non-consecutive days 

using Intake24(Intake24, 2022) an online version of the 24-hr dietary recall 

which uses the multiple pass method. Dietary information from this Benefits 

and Nutrition Study (BEANs) was compared with age and sex matched 

participants of the National Diet and Nutrition Survey (NDNS) years 9-11. 

Comparison of the BEANs data to the NDNS data was conducted to identify 

similarities and differences in micronutrient intakes and diet quality between 

universal credit claimants and the general population. Participants were 

excluded from the dietary analysis if they were pregnant or breast feeding.  

4.4.2 Diet Quality Index-International (DQI-I). 

This study used the Diet Quality Index-International to estimate overall diet 

quality, the methods are explained in detail by Kim et al (Kim et al., 2003). 

In brief the four major categories of the DQI-I are: variety (evaluates variety 

in food groups, and within protein sources), adequacy (assesses foods and 

nutrients in the diet required in sufficient quantities for a healthy diet), 
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moderation (evaluates food and nutrients in the diet associated with chronic 

diseases), overall balance (examines the ratio of energy obtained from 

macronutrients and the ratio of saturated fat to PUFA and MUFA). The 

maximum DQI-I score available is 100 and is derived from the sum of the 

sub-category criteria in each of the main categories. Variety accounts for 

20%, adequacy 40%, moderation 30%, and overall balance 10% of the total 

DQI-I score.  

The adequacy category concerns the dietary components required in 

sufficient quantities for a healthy diet. The recommended quantities of 

vegetables, fruit, grains, and fibre is dependent on energy intake (kcal) as 

describe by Kim et al ((Kim et al., 2003). In this study we used the energy 

recommendations and created the groups <1700 kcal, >=1700 - <2700 kcal 

and >=2700 kcal for scoring. For example, Individuals with an energy intake 

<1700kcal, to score the maximum in the vegetable category they would 

need to consume 3 servings (240g) whilst someone with an energy intake 

between >1700 kcal and below 2700kcal would require 4 servings (320g) 

and over 2700kcal 5 servings (400g) (Table 4.9). Weights applied to 

servings in food groups can be found in table 4.10. We used the Eatwell 

guide criteria for foods high in fat, salt and sugar and recommended to be 

consumed with less frequency.  

4.4.3 Intake24 dietary data. 

Anonymised dietary data was downloaded from Intake24 and matched to 

participant’s survey data from Jisc and processed before analysis. Data 

output from Intake24 includes Energy (kJ and kcal), macronutrients, 

micronutrients, food groups and disaggregation variables as well as meal 
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name and time, and portion size (g/ml). Daily energy and nutrient intakes 

without supplements were calculated from the sum of intakes for energy and 

nutrients and divided by the number of 24-hour recalls completed to give an 

average daily intake. Percentage of the RNI (Reference Nutrient Intake) met 

for vitamins and minerals was calculated based on age and sex 

requirements as per UK dietary recommendations ((The Department of 

Health, 2013)  

4.4.4 National Diet and Nutrition Survey (years 9-11). 

We used data from the National Diet and Nutrient Survey years 9-11 for 

adults aged 23-61 years. Datasets were combined for person level dietary 

data and individual level data and the following variables of interest 

extracted: sex, equivalised income tertiles and energy and nutrients intakes. 

Food level dietary data was used for estimating the energy intakes from 

foods high in fat salt and sugar and used in the calculation of the DQI-I. 

4.4.5 Sensitivity analysis.  

Misreporting of energy intakes in the BEANs study and NDNS were 

evaluated using European methodology (EFSA, 2014b). The Schofield 

equation for estimating basal metabolic rate using height and weight was 

applied and Goldberg cut-off points based on Physical Activity level of 1.4 

applied. We applied an activity level of 1.4 to the BEANs and NDNS data 

because activity data was not collected as part of the BEANs study. The 

decision to keep the criteria the same between the two surveys was made 

to provide consistency.  

4.4.6 Exclusion criteria and data quality control. 
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We invited people aged 18-65 years in the UK who had an income from UC 

and received the £20 a week uprating. Participants were excluded from the 

analysis if they did not meet the inclusion criteria. Not all participants who 

meet the inclusion certain completed all components of the survey as such 

they were excluded from the analysis for that section. Participants who were 

women and completed three or four 24-hour dietary recalls and who were 

not pregnant, or breastfeeding were included in the analysis for diet quality 

and nutrient intakes. We matched the age of females in our study to those 

in the NDNS for comparison of diet quality and nutrient intakes.  

4.4.7 Statistical analyses.  

We describe the characteristics of BEANs participants with frequency and 

percentages for the total population and by dichotomised food security 

status (food secure, food insecure). All data presented as frequency and 

percentages are analysed with Chi Square this includes Foodbank usage 

categorised by access type for the total population and across the three 

different time points of the study. We also performed McNemar change test 

to understand if participants use of a foodbank differed after the removal of 

the uprating to before the uprating was introduced.  

Dietary data is presented for females in the BEANs study and compared to 

females of the same age across NDNS Tertiles. Parametric variables are 

presented as means and S.E.M and analysed with student T Test for 

comparison of BEANs to each of the NDNS tertiles and One-Way Anova, 

Bonferroni corrected for analysis of the parametric variables for NDNS 

tertiles only. Non-paramedic variables are presented as medians (25th and 

75th percentile) and tested with Mann Whitney-U for comparison of BEANs 
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to each of the NDNS tertiles and Kruskal Wallis, Bonferroni corrected test 

to understand differences between the NDNS tertiles only.  

The DQI-I total score and main category scores are presented as means 

and S.E.M for BEANs and NDNS tertiles. We present the frequency and 

percentages of participants within each of the sub-categories of the DQI-I, 

furthermore, we present estimates of the total score achieved in the sub-

categories of the DQI-I using mean and S.E.M, however, non-parametric 

test performed because the scoring system is ordinal and not continuous. 

Energy data are presented as medians (25th and 27th percentile) and we 

present the frequency and percentages of females underreporting energy 

intakes for BEANs and NDNS tertiles. Micronutrient data are presented as 

the frequency and percentage of females below the Lower Reference 

Nutrient Intake (LRNI) and the percentage of the Reference Nutrient intake 

(RNI). 

4.5 Results.  

4.5.1 Population characteristics. 

A total of 349 participants met the inclusion criteria and provided complete 

responses, of whom 89% were food insecure, most of whom (64%) had 

“very low food security” (Table 4.1 and Table 4.13). The population was 

mostly female (> 70%), British (> 90%) and either single or divorced, 

separated, or widowed (> 70%). The level of education was high with > 40% 

having achieved equivalent to level 4 and above (first year of a degree), but 

almost 60% were not in paid employment. Most participants (65%) were 

overweight with two fifths being obese. However, around 6% of the total 
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population were underweight (n = 20) of this n = 5 had “low food security” 

and n = 15 “very low food security”.  

4.5.2 Household income, food spending, food bank 

usage, food security and coping strategies. 

The average disposable median equivalised household income in the UK in 

2021 was approximately £603 week-1 (ONS, 2022b). For those receiving 

UC, household income was only £153.60 week-1 [£98.36 -£283.04]. The 

proportion spent on food by UC recipients was consequently much higher, 

reaching 1.9 times the national average (14.4% (DEFRA, 2022d)) at 27.0% 

[19.5% - 57.9%]. Whilst households with children spent 2.2 times the 

national average at 31.0% [19.5 – 57.9%] and households without children 

spent 1.7 times the national average at 25.0% [19.5% -51.9%]. Those in 

working households in general spent a lower proportion of income (26.0% 

[17.7% – 44.2%]) than those not in work (27.8% [21.3% - 57.5%]; P = 0.054) 

and this was directly linked with relative income (£213.93 vs £117.09). It 

was notable that nearly a third of food insecure households had to spend 

more than half of their household income on food. 

The severely restricted household spending power had clear impacts on 

food access and coping behaviours. Prior to the loss of the uplift, a third of 

participants reported accessing food banks (Table 4.2), however removal of 

the £20 week-1 increased food bank use by 72% (Table 4.2; P < 0.001). 

Employment status was a significant factor in determining requirement after 

the removal of the uplift, with those not in full time employment having a 

significantly higher odds of accessing Foodbank than those with an income 
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from work (P = 0.048). Having children did not increase the odds for 

Foodbank support after the removal of the uplift when compared to two adult 

household without children (Table 4.3).  

4.5.3 Increasing odds of food insecurity by socio-demographic 

variables. 

Table 4.4 presents the result from binary ordered logic regression. After 

adjusting for household income, participants not in employment had a 

significantly higher odds of food insecurity compared to participants in 

employment with a claim for UC. One and two adult household(s) with three 

or more children had significantly higher odds of severe food insecurity after 

adjusting for household income compared to one adult households with one 

child. Universal Credit claimants who did not identify as White had a 

significantly lower odds of experiencing food insecurity compared to UC 

claimants who identified as White. Lower educational attainment was 

associated with increased odds of severe food insecurity amongst Universal 

Credit claimants with those achieving either GCSE and A Levels having 

significantly higher odds or severe food insecurity compared to those who 

had achieved a first degree or equivalent.  

4.5.4 Coping strategies. 

Across all participants, 45% said that they had lost weight because there 

was not enough money for food. This was principally driven by reducing 

meal sizes, the number of meals and resorting to fasting for full days. 

Amongst those who had said they lost weight 98% (n = 155) said they ate 

less because there was not money for food, and 67.1% (n = 106) said they 
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had not eaten for an entire day because there was not the enough money 

for food.  

Meal skipping or reducing meal size because of a lack of money was 

commonplace (77%) among food insecure participants (Table 4.13) and 

over 60% reported reducing the number of meals in the previous seven 

days. More severe coping strategies including not eating for entire days was 

employed by 40% of participants, of whom more than half did so more than 

once per week. Where households with children experienced very low food 

security (n = 113) almost all (90.3%) reported, limiting portion size at 

mealtimes, reducing food variation in meals (85.8%), and restricting 

consumption by adults for small children to eat (81.4%). The proportion 

reducing the number of meals eaten in a day was similarly high (77.9%) and 

over half (57.5%) of respondents skipped entire days without eating.  

4.5.5 Diet quality is heavily impacted by financial 

deprivation. 

Assessment of diet quality highlighted that the coping strategies adopted by 

many resulted in significant limitations in the dietary diversity of people 

dependent on UC. The diet quality index reflects the frequency of 

consumption of desirable foods (e.g., fruit and vegetables), undesirable 

foods (e.g., saturated fat, cholesterol) the breadth of foods consumed, 

achievement of RNI for specific important nutrients (e.g., iron) and the 

overall balance of macronutrients and fatty acids. Scores range from 0 to 

100. In order to understand the significance of the dietary data obtained, we 

compared intakes with those of NDNS (years 9-11) participants stratified 
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into tertiles by equivalised household income (EQV1, EQV2 and EQV3). 

Overall DQI-I scores were 8.06% lower amongst females in the BEANs 

group (45.9 ± 1.40) compared to EQV1 (P = 0.023), 14.60% lower compared 

to EQV2 (P <0.001) and 21.57% lower compared to EQV3 (P<0.001; Table 

4.3) which was principally due to limited variety(35.77% less than EQV1, 

47.26% less than EQV2 and 61.51 less than EQV 3; P <0.001) and 

adequacy (13.04% less than EQV2 and 23.15% less than EQV3; P <0.001; 

Table 4.5).  

BEANs participants’ diets included the fewest food groups compared to 

NDNS tertiles, with only 48.9% consuming 2 or more different sources of 

protein, whilst for those in EQV1 and EQV2, approximately 60% had 2 or 

more different sources and this increased to 68.7% of individuals in EQV3 

(P = 0.001; Table 4.5). The main food groups contributing to protein intake 

amongst BEANs participants were cereal and cereal products (42.4% [30.2 

– 58.9%]) of which white bread/rolls accounted for 15.6% [9.1 -29.8%]. 

Whilst meat and meat products provided 18.4% [5.0% – 27.9%] and milk 

and milk products provided 9.8% [5.0 -14.5%], with semi skimmed milk 

(2.7% [0.0 – 6.8%]) and other cheese (0.9% [0.0 – 5.2%]) being the top two 

sources. Whilst meat and meat products were the main contributor to 

protein intakes of females in EQV 1, 35.6% [22.0% - 47.7%], EQV 2, 35.6% 

[23.9 – 43.4%] and EQV 3, 32.0% [16.8% – 40.8%], followed by cereal and 

cereal products (EQV 1, 21.4% [15.7% - 29.3%], EQV 2 21.1% [15.1 – 

27.0%] EQV 3 19.4% [13.7% - 26.7%] of which Pasta, Rice and other 

cereals was the top contributor, followed by white bread. 
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Over a third (34.9%) of BEANs participants did not record a single serving 

of vegetables (1.0% of EQV1 and 0% for EQV2 or EQV3 with zero 

consumption). Around 60% of the NDNS cohort recorded consuming 2 or 

more servings of vegetables. This was only achieved by 11.6% of BEANS 

participants who additionally consumed few if any fruit (71.8% consumed 1 

or none; Table 4.6). 

Conversely, BEANS participants were significantly higher consumers of 

grain containing foods compared with all NDNS tertiles (P<0.001), however 

this was solely due to high consumption of white bread (133.81g [62.8 – 

228.0]). Bread consumption amongst BEANS participants (175g day-1 [101 

- 239]) was around 3 times higher than all NDNS income tertiles (EQV1 - 63 

day-1 [30 - 94]; EQV2 - 59g day-1 [35 - 87]; EQV3 - 53g day-1 [28 - 81]; 

P<0.001 for all). Consumption of breakfast cereals did not differ between 

groups. 

When asked about the impact of the £20 a week uprating on food 

purchases, most (58.7%) felt that this had enabled an increase in fruit and 

vegetable consumption, but that this had been greatly reduced with its loss 

(66.5% of participants). The majority also felt that the loss of the uplift had 

negatively impacted their ability to purchase meat (64.7% of participants), 

fish and seafood (52.6% of participants) and dairy products (41.9% of 

participants. (Figure 4.1). 

4.5.6 Nutrient intake is heavily compromised in those 

receiving UC. 
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 Macronutrients. 

Intake of almost all macronutrients was numerically lower than for any of the 

NDNS cohorts and, contrary to expectations, this was true even those more 

commonly increased in low-income groups including total sugars, total fat 

and saturated fat (Table 4.7). Energy, protein and fat intakes were 

significantly reduced compared with EQV3 (P<0.05) and this was similarly 

the case for energy (P=0.023) and protein compared with EQV2 (P<0.001), 

while for fat there was a trend, but this did not quite reach significance 

(P=0.06). Those in the lowest income quintile (EQV1) had higher intakes of 

energy (7%), protein (6%) and fat (10%), but again, these were not 

significant (P=0.123, P=0.135 and P=0.169 respectively). Saturated fat 

intake, however, was considerably lower than for all income tertiles 

(P<0.001; Range 42%-54%). In addition, we noted that the restricted fruit 

and vegetable intakes indicated by participants in the survey was clearly 

reflected in AOAC fibre intakes which were reduced by 18%, 32% and 50% 

compared with all NDNS tertiles EQV1, EQV2 and EQV3 respectively 

(P<0.01; Table 4.7). 

Recording of very low (“non-plausible”) energy intakes was frequent among 

BEANS participants (46%) and considerably more so than for NDNS 

respondents in all income tertiles, but this was only significant for 

comparisons with EQV2 (21%; P=0.024) and EQV3 (22%; P=0.002). While 

the number of EQV1 participants underreporting was fewer (31%), the 

difference did not reach significance (P=0.107) as see for other parameters. 

(Table 4.9). BEANs participants obtained 45.4% of energy from cereal and 

cereal products with “white bread/rolls” providing 14.4% [9.1% – 28.4%] 
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consumed by 95.3%. Meat and meat products contributed 10.8% of energy 

with 76.7% of individuals indicating they included meat and meat products 

in their diet, the main contributor was chicken and turkey dishes providing 

2.3% of energy which was consumed by 32.6%. Whilst meat-based pasta 

dishes provided 2.2% of energy, this was eaten by 20.9% of individuals. 

Burgers and kebabs were eaten by 25.6% of individuals and contributed 

2.0% of energy from meat and meat products. Milk and milk products 

accounted for 7.2% of energy, with 95.3% including this food group. The 

main contributors to energy from milk and milk products were semi skimmed 

milk (2.4%) consumed by 67.4% of individuals and cheese (2.1%) 

consumed by 53.5%. Vegetable and vegetable products provided 6.5% of 

energy with 86.0% including this food group in the diet. The main 

contributors were jacket potatoes 1.5% eaten by 30.2% of individuals, fried 

chips (1.2%), consumed by 27.9% and other potatoes (1.1%) included by 

30.2%.  

 Micronutrients. 

Micronutrient intakes reflected the pattern seen for macronutrients with the 

majority being consumed in lower quantities than by NDNS participants 

(Table 4.8). Compared with EQV3, intakes of all except calcium were 

significantly reduced in BEANS participants (P<0.01 for all except 

potassium – P=0.04). Comparison with EQV2 showed significant reductions 

in intake of vitamins A, B6, C and B12, as well as thiamine, niacin, folate, 

potassium, magnesium, copper, zinc, iodine, selenium and iron ranging 

from 10% to 40% (Table 4.8). The EQV1 group showed more similarity with 

BEANS participants for most micronutrients, although in all but one case, 
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intakes were higher and for vitamin A, selenium and iron, this was 

significantly so. It was noteworthy that comparisons within NDNS cohorts 

showed intakes for EQV1 to be consistently lower than those of the higher 

income brackets (P <0.001). 

The proportional attainment of RNI was consequently lower for BEANS 

participants when compared with the NDNS groups and the majority of 

these differences were significant. Similarly, the proportion of BEANS 

respondents consuming less than the lower reference nutrient intake (LRNI; 

enough for the lowest 5% of the population) was higher than NDNS 

participants. We noted that, whilst the level of intake of many BEANS 

participants approached or exceeded the RNI for riboflavin, the proportion 

below the LRNI was more than twice that of any other group (P = 0.021 – 

P<0.001; Table 4.9). Also, a much lower proportion of BEANS respondents 

met the RNI for vitamin A than did EQV1 (46.5%; P = 0.006), EQV2 (56.5%; 

P <0.001) and EQV3 (67.1%; P<0.001; Table 4.9). 

The source of riboflavin in the diet amongst females in BEANs was mainly 

from cereal products (39.7%, 0.5 µg d-1 0.2 µg d-1 – 0.7 µg d-1]) with white 

bread/rolls being the main source (14.0%). Milk products contributed 17.5% 

and non-alcoholic beverages 6.8 %. 

Around a third of the vitamin A in the diet amongst BEANs participants was 

from cereal products (33.4%), with white bread/rolls contributing 21.7%, milk 

products providing 10.6% whilst vegetable products provided 5.3%. 

We saw similar patterns for intake of several important minerals. As a result 

of low intakes, BEANS participants fell more frequently below the LRNI and 
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had far fewer achieving the RNI for most minerals when compared with 

NDNS cohorts. Only half of the BEANS participants managed to consume 

~50% or more of the RNI for iron (in the under 50s; RNI 14.8 mg d-1) and 

selenium, a proportion which was significantly lower than for all NDNS 

groups. Additionally, the proportion of participants below the LRNI for iodine 

and zinc were 1.9 to 6.8 times higher than for all NDNS groups (P<0.001 to 

P = 0.023). The proportion of BEANs participants aged 50 years and over 

with iron intakes below the LRNI was numerically greater than EQV 1 (42.9& 

v 18.2%) but did not reach significance P=0.140).  

Cereal products, in particular bread, were significant contributors to the 

intakes of several minerals among BEANS participants. They provided 

45.6% of zinc (3.0 mg d-1 [2.0 mg d-1- 4.5 mg d-1]) of which white bread/rolls 

provided 19.7%. (1.0 mg d-1 [0.6 mg d-1- 2.2 mg d-1]), 57.3% of iron (4.3 mg 

d-1 [2.8 -6.3 mg d-1]  - bread contributing 22.3%), and 57.8% of dietary 

selenium (18.0 µg d-1 [9.7 µg d-1 – 28.3 µg d-1]) more than a third of which 

was from bread (7.0 µg d-1 [2.7 µg d-1 – 17.2 µg d-1]). Meat products were 

important for zinc (16.5% of which burgers and kebabs were the highest 

contributor) and selenium intakes (15%), but less so for iron where it 

accounted for just 7.4% (0.5 mg d-1 [0.1 mg d-1 -1.6 mg d-1). Milk was a good 

source of zinc in the diet of BEANs participants supplying 11.5% (0.7 mg d-

1 [0.4 mg d-1- 1.0 mg d-1] with semi-skimmed milk and cheeses such as 

cheddar/edam contributing 3.8%.  

Median iodine intake from food sources amongst BEANs participants (105 

µg d-1 [62.9 µg d-1 – 154.4 µg d-1] was lower compared to the EQV 2 (P = 

0.026, and EQV 3 P = <0.001). Milk was a good source of iodine amongst 
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BEANs participants, contributing 29.8%, but this was lower than NDNS 

tertiles where milk and milk products contributed 1.2 - 1.3 times as much 

iodine compared to BEANs (EQV 1, 36.9% [20.8% -53.7%], EQV 2, 37.5% 

[22.5% -51.9%] and EQV 3, 38.1% [23.6% - 54.8%]). Cereal and cereal 

products contributed 26.2% amongst BEANs participants of which white 

bread rolls provided 12.3%. Cereal products contributed 3.6 – 6.6 times as 

much Iodine compared to the NDNS tertiles where iodine from cereal and 

cereal products decreased as the EQV increased (EQV 1, 7.4% [3.3 %-

13.5%], EQV 2, 6.5% [3.4 -11.7%] and EQV 3, 5.5% [2.3% - 10.3%]. 

4.6 Discussion. 

The link between diet, socioeconomic status and health outcomes is well 

established with individuals receiving low incomes having less healthy diets 

and living more years with ill health compared to those with higher incomes 

(Everest et al., 2022) (Darmon and Drewnowski, 2015) (Darmon and 

Drewnowski, 2008). Here we show that people in receipt of universal credit 

are required to spend such a high proportion of their income on food that 

they must adopt severe coping strategies, such as meal reduction and even 

whole day fasting, in order to provide food for household members, 

particularly children. What they are able to provide is inadequate to support 

their own nutritional requirements as they are reliant on cheap, nutrient poor 

foods with minimal dietary variation.  

We additionally found a significant dependence on the £20 week-1 uplift in 

Universal Credit (UC). Its loss resulted in an almost doubling of reliance on 

food banks. Previous reports have suggested that the introduction of the 

£20 week-1 uprating to UC coincided with a reduction in the prevalence of 
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poverty (Francis-Devine, 2022) and had provided protection from food 

insecurity (The Food Foundation, 2022b). This may be in part due to the 

uprating effectively representing a temporary reversal of the pre-imposed 

cuts to low-income households (ESRC, 2021).  

The experience of food insecurity in the UK has risen since the 2008 

financial crisis (Bell et al., 2021) continues to increase since the COVID-19 

pandemic (Everest et al., 2022) (Bell et al., 2021). The UK average 

household food spend in 2019/2020 was 10.8% of income with those in the 

lowest 20% spending 14.7% (DEFRA, 2022a). We found participants in the 

BEANs study spent above the national average and above that of the lowest 

20% on average spending 27% of income on food. A previous study found 

when the proportion of income spent on food exceeded 13%, households 

were 1.6 times more likely to experience food insecurity (Thomas et al., 

2022). The greater percentage of income spent on food suggests incomes 

are too low and food costs are placing a greater burden on households with 

an income from UC compared to the general population. In this study we 

investigated participant’s perception of the £20 a week uprating to UC and 

its subsequent removal on their food group intake. Most thought it had 

increased their fruit and vegetable intake and maintained their intake of 

other food groups. Many also felt that the removal of the uprating had 

resulted in a decrease in fruit and vegetable intake, meat, fish and seafood. 

Fruit and vegetables are typically consumed in lower quantities amongst 

lower income groups (French et al., 2019), suggesting that the uprating to 

UC afforded the ability to participate in healthier dietary practices.  
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We also wanted to understand how the removal of the uprating influenced 

include foodbank usage. The Trussel Trust has reported an increase in the 

number of people accessing their services since the removal of the uprating 

to UC, however, figures are a comparison to the previous year (Radford, 

2022) and we suggest the figures are not solely based on UC Claimants. 

However, the results from this study align with Trussel Trust findings in that 

the removal of the uprating to UC was a driver of Foodbank usage, in our 

study, an additional 21% of the population accessed a foodbank after the 

removal of the uprating, an increase of 72%.  

Our study found that the majority of individuals receiving UC were 

experiencing food insecurity, with 63.9% having a “very low food security” 

status (Table 4.12). Our results are higher than the those from the Family 

Resource Survey released in March 2021 for the financial year 2019-2020 

which indicated 27% of people with an income from Universal Credit were 

food insecure and of these, 15% had “very low food security” (DWP, 2022), 

our results are also above the estimated national average of 20% of adults 

in England, Wales and Northern Ireland experiencing food insecurity since 

the COVID-19 lockdown (Loopstra, 2020). It is suggested the study design 

may be a factor in the higher prevalence of food insecurity recorded as a 

convenience sampling was used to recruit participants as such it may not 

be fully representative of those with an income from universal credit. Results 

from the low-income diet and nutrition survey (LIDNS) in 2007 found 29% 

of respondents lived in a food insecure household at that time but were 

generally protected from the experience of a lack of food and hunger 

(Nelson et al., 2007c).  
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A “very low food security” status is indicative of the experience of hunger. 

Coping strategies utilised by food insecure (Table 4.14) with 82% not able 

to afford balanced meals and 28% not eating for a whole day. These figures 

represent a considerable increase from the LIDNS where 36% said they 

could not afford to eat balanced meal and 5% were unable to eat for a whole 

day (Nelson et al., 2007c). The impact of such levels of food deprivation 

were apparent from the numbers of people recorded as underweight (6.3%; 

Table 4.1). All were from the food insecure group. Furthermore, the 

prevalence of underweight was more than 3 times greater than the national 

UK average (1.8%) (Baker, 2022). 

When completing the dietary analysis of females aged 23-61 years, it was 

evident most were reliant on white bread/rolls as a source of energy and 

nutrients. This aligns with a previous study which found those who were 

food insecure consumed bread rolls in a greater quantity compared to food 

secure (Armstrong et al., 2021). Bread in the UK has been a staple food for 

many years and a major contributor to energy and nutrient intakes but even 

as early as 1981 it was noted bread consumption was declining (Great 

Britain, 1981) and continues to decline (Lockyer and Spiro, 2020). Despite 

this, BEANs participants obtained a greater percentage of their energy 

(14.4%) from white bread than seen in previous work which found that 

adults aged 19-64 years obtained on average 7% of energy from white 

bread (Lockyer and Spiro, 2020).  

The bread and flour regulations 1998 stipulate the essential ingredients of 

wheat flour in the UK amongst other ingredients are calcium carbonate (not 

less than 235 mg 100g -1 not more than 390 mg 100g -1) iron (not less than 
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1.65 mg 100g -1), Thiamine (not less than 0.24 mg 100g -1) and nicotinic 

acid (not less than 1.60 mg 100g -1)(GOV, 1998). White bread was 

consumed in greater quantity in lower income households in the UK 

households over 40 years ago (Great Britain, 1981) and is still a major 

component of the diet today for low-income groups. Whilst thiamine and 

calcium intakes were close to, or exceeded the RNI, iron intakes were low 

compared to the RNI and a high percentage were below the LRNI, indicating 

a need for other food sources of iron in the diet other than bread. It is 

possible that the UC receiving respondents in this study are having to resort 

to bread as a means of feeling sufficiently full. The consumption of larger 

quantities of bread places people at potential risk of sugar spikes as white 

bread has a high glycaemic index. Reliance on bread increases the 

glycaemic burden of their diets and exposes people to a range of damaging 

outcomes. 

There was a gradient in the diet quality and micronutrient intakes of females 

aged 23-61 years with those in the BEANs study having fewer food groups 

in the diet, less variety in protein sources and a lower number of servings of 

desirable food groups such as fruit and vegetables, compared to females 

across the NDNS tertiles. This is suggested to be factor for the greater 

percentage of BEANs participants with vitamin intakes below the LRNI for 

Riboflavin and vitamin A and meeting a lower percentage of the RNI for 

minerals (iron, selenium, iodine, zinc, potassium) with the difference 

between BEANs and the tertiles increasing as income increased (Table4.7).  

Assessing overall diet quality (DQ) provides an insight into how well dietary 

guidelines are being met and is a favourable method when considering 
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dietary risk factors and health outcomes, compared with assessing singular 

nutrients, as overall diet has a greater effect on health outcomes (Petersen 

and Kris-Etherton, 2021) (Miller et al., 2022). Previous studies have 

investigated the experience of food insecurity on DQ and micronutrient 

intakes, however, they are focused on US populations (Hanson and Connor, 

2014)  (Leung and Tester, 2019), whilst UK (and US) based studies, have 

mostly explored the relationship between food insecurity and obesity (Yang 

et al., 2018) (Shinwell et al., 2022) (Pilgrim et al., 2012) (Carvajal-Aldaz et 

al., 2022) (Brown et al., 2019) or solely macronutrient composition(Shinwell 

et al., 2022). 

The Diet Quality Index International (DQI-I) was chosen for this study as it 

included micronutrient intakes and separated out aspects of the diet which, 

when consumed in excess, or in deficit, can have a negative influence on 

overall DQ. Furthermore, for this study, although interested in dietary risk 

factors and health outcomes, the objective was to compare different 

population groups DQ and not the association of DQ with adverse health 

outcomes which is the primary focus of other indices developed for 

assessment of diet quality (Wirt and Collins, 2009).  

The requirement for vitamins and minerals varies from person to person 

depending on age, sex, lifestyle, physiological state, and health status 

(DoH, 1991). Dietary Reference Values (DRV) for energy and nutrients were 

developed to assess the adequacy of different population group’s diet and 

not at the individual level (DoH, 1991) and as such, the RNI for vitamin and 

minerals are set at a level which would be adequate for 97.5% of the 

population, that is many will require a lower amount, and a few will require 
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more. At the opposite end is the LRNI which will meet the requirement for 

2.5% of the population. When intakes are below the LRNI deficiency is likely 

to occur (Derbyshire, 2018) and if greater than 3% of the population are 

below the LRNI then deficiency in population groups is more likely (Nelson 

et al., 2007c) with normal health unlikely to be maintained over long periods  

(Mensink et al., 2013) this we suggest creates a public health problem and 

interventions for addressing sub-optimal micronutrient intakes are required. 

Females aged 23-61 years in the BEANs study had a greater proportion of 

the population with intakes below the LRNI for riboflavin compared with 

NDNS tertiles within which percentage below the LRNI, decreased as 

income increased (Table 4.7). Food sources of riboflavin include milk, eggs, 

fortified breakfast cereal, mushrooms, and plain yogurt (“Vitamins and 

minerals - B vitamins and folic acid,” 2017), the main source of riboflavin in 

the diet of BEANs participants was cereal and cereal products (white 

bread/rolls being the main source in this food group), followed by milk and 

milk products. The percentage of females below the LRNI in our study was 

double that compared to previous studies which found 12% of adult female’s 

intakes were below the LRNI ((Mensink et al., 2013) (Derbyshire, 2018), 

whilst the LIDNS reported this value to be 15% (Nelson et al., 2007c). 

Many of the participants in the study experienced food insecurity and 

although energy and nutrient intakes were not assessed by food security 

status due to the small sample size, it is suggested riboflavin intake is 

negatively influenced by the experience of food insecurity as seen in a 

previous UK based study which showed riboflavin intake in food insecure 
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participants to be 36% less compared with food secure (Thomas et al., 

2022).  

Part of the B group of vitamins, riboflavin is water soluble and 95% 

bioavailable (EFSA et al., 2017) found in the diet as free riboflavin and as 

flavin adenine dinucleotide (FAD) and flavin mononucleotide (FMN). FAD 

and FMN are cofactors involved in energy metabolism and the metabolism 

of niacin and vitamin B6(EFSA et al., 2017). Deficiency of riboflavin has 

been implicated in the development of anaemia due to reduced capacity of 

riboflavin enzymes in releasing iron from ferritin stores (Powers et al., 2011) 

Therefore, females with low intakes of riboflavin and/or iron may be a risk 

of the development of anaemia.  

Vitamin A intakes were low compared to the RNI (69.2%) amongst females 

in the BEANs study compared to the NDNS tertiles, this aligns with a 

previous study which found women living in households in the UK and in 

receipt of benefits had a lower daily vitamin A intake (Anderson, 2007), 

whilst the LIDNS Survey reported 10% of adult female’s vitamin A  intakes 

were below the LRNI, lower compared to our study where 11.6% were 

below the LRNI.  

Vitamin A is obtained in the diet from animal sources such as cheese, eggs, 

dairy products, oily fish, and liver as preformed vitamin A (predominantly 

retinal and retinyl esters) and as pro-vitamin A carotenoids in plant-based 

foods such as carrots, spinach, mango, and apricots. The main source of 

vitamin A amongst females in the BEANs study was cereal and cereal 

products. A food group not usually thought of as a good source of vitamin 
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A, thus highlighting the need for interventions which enable diversification 

of the diet of population groups with an income from UC. Vitamin A is 

important for immune function (EFSA, 2015a) and deficiency of vitamin A 

can lead to vitamin A deficiency anaemia by the worsening of a low iron 

status (EFSA, 2015a). 

The requirement for iron, its roll and function in the human body and the 

consequences of deficiency are well documented as are the low intakes 

amongst females in the UK. However, our study found women with an 

income from UC had lower iron intakes compared with females across the 

income tertiles. Sub-optimal iron intakes and deficiency can impair immunity 

and alter mood (EFSA, 2015b) and for women entering the reproductive 

years with depleted iron stores can have adverse implications for both 

mother and child pre and postpartum. Evidence suggests memory and 

spatial awareness of adolescent girls who were anaemic as toddlers is 

altered and infants and children who are iron deficient have delayed 

attention and poor social skills (EFSA, 2015b). 

4.7 Limitations. 

This study took place at a time when the UK was experiencing the impacts 

of the COVID-19 pandemic on people’s everyday lives and the UK started 

to see the first signs of the cost-of-living crisis in which the cost of fuel and 

food increased. This may be a factor in the greater proportion of participants 

experiencing food insecurity compared to earlier studies.  Additionally, the 

study design may be a factor in the greater percentage of respondent 

experiencing food insecurity compared to other survey data. This study 

utilised a convenience sampling approach, as such may not be 
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representative of the population with an income from Universal credit. It is 

possible the study recruited participants with an interest in this subject area. 

This study combined existing measure and novel questions to gather data, 

however the study was completed online and was not piloted prior therefore 

we are unable to go back and ask participants for missing information. In 

addition, while response to the survey was robust, the number who 

subsequently provided full dietary data was limited. The data presented 

here provide an indication of the severity of the impact of life on UC, but a 

larger scale study is necessary to obtain a clearer picture and assess the 

consequences for health. 

4.8 Conclusion.  

In conclusion, our study provides in depth analysis of the diet quality, food 

group, micronutrient intakes and food security status of females with an 

income from UC. We found females had a lower diet quality and less diverse 

diet compared to the general population. Furthermore, the uprating to 

increase their fruit and vegetable intake whilst the removal decreased fruit 

and vegetable intake and increased the need to access a Foodbank. Energy 

and nutrients from food sources showed a reliance of cereal and cereal 

products with white bread/rolls being a major source of energy, macro, and 

micronutrients within the diet. Reliance on a few foods is an indicator of food 

insecurity and the restrictiveness of the diet of females with and income from 

UC may predispose them to the sub optimal intakes of micronutrients which 

may be further compounded due to the bioavailability of nutrients for 

example iron and zinc being better absorb from animal-based sources as 

opposed to plant based and fortified foods. The situation of UC claimant’s 
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ability to procure food could be facilitating growing inequalities in diet and 

health amongst UK female’s and future generations. Policies are required 

which reduce the burden of food cost and promote diversification of the diet 

amongst low-income groups in the UK.  
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Table 4-1. Participant’s characteristics and comparison between food security statuses 
amongst BEANs participants.  

   Food security status  

Variables Total Food-secure Food- insecure P value 

 n (%) n (%) n (%)  

 37 (10.6) 312 (89.4)  

Gender        

Male 90 (25.8) 11 (29.7 79 (25.3) 0.719 
Female 256 (73.4) 26 (70.3) 230 (73.7)  

Other 3 (0.9) 0 (0.0) 3 (1.0)  

Age groups years        

16-25 25 (7.2) 2 (5.4) 23 (7.4) 0.748 
26-35 84 (24.1) 12 (32.4) 72 (23.1)  

36-45 125 (35.9) 12 (32.4) 113 (36.2)  

46-55 69 (19.8) 6 (16.2) 63 (20.2)  

56-65 45 (12.9) 4 (10.8) 41 (13.1)  

Educational level        

>level 6 (Postgraduate) 21 (7.4) 3 (8.1) 18 (5.8) 0.391 
Level 4 - level 6 (First year 
degree up to degree level) 

101 (35.6) 16 (43.2) 84 (26.9)  

Up to level 3 (A Levels, level 3 
NVQ BTEC, Advanced GNVQ) 

67 (23.6) 6 (16.2) 60 (19.2)  

Up to level 2 (GCSE A*- C) 64 (22.5) 6 (16.2) 58 (18.6)  

Up level 1 (GCSE (D-F) 14 (4.9) 0 (0.0) 14 (4.5)  

Other 17 (6.0) 1 (2.7) 16 (5.1)  

Ethnicity        

White 326 (92.9) 31 (83.8) 293 (93.9) 0.126 
Mixed or multiple ethic groups 10 (2.8) 2 (5.4) 8 (2.6)  

Asian or Asian British 7 (2.0) 2 (5.4) 5 (1.6)  

Black, African, Caribbean, or 
Black British 

6 (1.7) 1 (2.7) 5 (1.6)  

Other ethnic group 2 (0.6) 1 (2.7) 1 (0.3)  

Marital status        

Married/Living with partner 99 (28.2) 11 (29.7) 87 (27.9) 0.204 
Single 163 (46.4) 21 (56.8) 142 (45.5)  

Divorced/ separated from 
partner/widowed 

89 (25.4) 5 (13.5) 83 (26.6)  

Number of children financial 
dependent 

       

None 175 (49.9) 11 (29.7) 164 (52.6) 0.012 
1 to 2 children 133 (37.9) 22 (59.5) 109 (34.9)  

3 or more children 43 (12.3) 4 (10.8) 39 (12.5)  

Free school meals        

yes 113 (70) 15 (71.4) 96 (69.6) 0.862 
No 48 (30) 6 (28.6) 42 (30.4)  

Equivalised household 
income 

       

<£100 per week 134 (38.2) 5 (13.5) 128 (41.0) <0.001 
£100-£200pw 76 (21.7) 4 (10.8) 71 (22.8)  

£200-£300pw 63 (17.9) 10 (27.0) 53 (17.0)  

£300-£400pw 42 (12.0) 8 (21.6) 34 (10.9)  

£400-£500pw 16 (4.6) 5 (13.5) 11 (3.5)  

>£500pw 20 (5.7) 5 (13.5) 15 (4.8)  

Equivalised food spend        

£0-£30pw 100 (28.5) 4 (10.8) 96 (30.8) 0.046 
£30-£60pw 95 (27.1) 12 (32.4) 82 (26.3)  

£60-£90pw 99 (28.2) 11 (29.7) 87 (27.9)  

>£90pw 57 (16.2) 10 (27.0) 47 (15.1)  

Equivalised food spend 
percent of income (%) 

       

0-10% 27 (7.7) 4 (10.8) 23 (7.4) 0.012 
10-20% 62 (17.7) 12 (32.4) 50 (16.0)  

20-30% 104 (29.6) 6 (16.2) 98 (31.4)  

30-40% 40 (11.4) 8 (21.6) 32 (10.3)  

40-50% 23 (6.6) 2 (5.4) 20 (6.4)  
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>50% 95 (27.1) 5 (13.5) 89 (28.5)  

Employment status        

Going to school, college, or 
university full-time 

4 (1.1) 3 (8.1) 1 (0.3) <0.001 

Going to school, college or 
university and working 

5 (1.4) 0 (0.0) 5 (1.6)  

In full or part-time employment 94 (26.8) 18 (48.6) 75 (24.0)  

Not working at the moment 200 (57.0) 14 (37.8) 185 (59.3)  

Health (perceived)        

Very good 11 (3.2) 5 (13.5) 6 (1.9) <0.001 
Good 88 (25.2) 13 (35.1) 74 (23.9)  
Fair 131 (37.5) 12 (32.4) 119 (38.4)  
Bad 102 (29.2) 4 (10.8) 98 (31.6)  

Very Bad 17 (4.9) 3 (8.1) 13 (4.2)  

BMI        

Underweight range (<18.5) 20 (6.3) 0 (0) 20 (7.1) 0.431 
Healthy weight range (>18.5 - 

<25) 
81 (25.5) 9 (25.7) 72 (25.5)  

Overweight range (>25 - <30) 79 (24.8) 9 (25.7) 70 (24.8)  
Obesity range (>30) 138 (43.4) 17 (48.6) 120 (42.6)  
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Table 4-2. Comparison of frequency and access of foodbank amongst BEANs participants 
at different time points during the study. 

   Total  

Categories   n  (%)  

Not accessed the food bank before or after  140  (44.3)  

Accessed foodbank before and after.  93  (29.4)  

Accessed after food bank after but not before.  67  (21.2)  

Accessed foodbank before but not after.  16  (5.1)  

 Total  316  (100)  
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Table 4-3. Odds of accessing a Foodbank after the removal of the £20 a week uprating by 
household type. 
 

  Total    

Household type n OR 
CI Lower 

Limit 
CI Upper 

Limit 
P value 

Solo adult HH 1 child 54 0.98 0.38 2.55 0.970 

Solo adult HH 2 children 27 0.73 0.25 2.18 0.572 

Solo adult HH >= 3 child 24 0.39 0.12 1.25 0.114 

2 adult HH 1 child 26 0.58 0.19 1.75 0.330 

2 adult HH 2 children 22 1.38 0.43 4.45 0.595 

2 adult HH >= 3 child 18 0.30 0.08 1.11 0.071 

sol adult HH no child 126 0.76 0.32 1.81 0.536 

2 adult household no child 25 REF REF REF REF 

 Total 322     

HH = Household 
 
Binary logistic regression  
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Table 4-4 Odds of increasing severity of food insecurity amongst Universal Credit claimants by socio demographic characteristics in England, Scotland and 
Wales  

  

Food secure/marginal vs low /very low food 
secure  

Food secure, marginal/low vs very low food  
secure  

  Model 1 
Model 1  

(Income adjusted) Model 2 
Model 2 

 (Income adjusted) 

  OR OR OR OR 

Gender       

 Men REF REF REF REF 

 Women 1.232 (0.582 -2.607) 1.273 (0.586-2.765) 1.101 (0.670-1.810) 1.123 (0.674-1.870) 

Age       

 19-25 years 1.122 (0.191-6.603) 1.426 (0.219 -9.264) 1.714 (0.596 - 4.935) 2.030 (0.676 -6.100) 

 26-35 years 0.585 (0.177-1.933) 0.706 (0.204 -2.444) 1.083 (0.516 -2.274) 1.313 (0.608 -2.834) 

 36-45 years 0.919 (0.280 - 3.010) 0.922 (0.271-3.136) 1.366 (0.676 -2.761) 1.473 (0.715 -3.034) 

 46-55 years 1.024 (0.272 -3.853) 1.171 (0.290 -4.730) 1.037 (0.481 -2.235) 1.101 (0.499 -2.427) 

 56-65 years REF REF REF REF 

Ethnicity       

 White REF REF REF REF 

 Other ethnicity 0.335 (0.125 - 0.901) 0.306 (0.108 0.866) 0.415 (0.182 - 0.945) 0.386 (0.165 -0.900) 

Marital status       

 Married/Cohabitating REF REF REF REF 

 Single/ widowed/ divorced/ other  1.167 (0.486 - 2.798) 1.184 (0.479 - 2.928) 0.890 (0.494 -1.605) 0.883 (0.482 -1.616) 

Qualifications       

 Higher degree 1.622(0.458 -5.748) 1.996 (0.498 -8.007) 2.070 (0.854 - 5.015) 2.145 (0.851 -5.409) 

 First degree REF REF REF REF 

 Diplomas 0.977 (0.313 -3.046) 0.857 (0.267-2.751) 1.980 (0.814 - 4.818) 1.875 (0.756 - 4.649) 

 A level + GCSE 2.233 (0.828 - 6.017) 1.816 (0.657 -5.020) 2.464 (1.243 -4.885) 2.172 (1.077 - 4.379) 

 Level 2 and below 2.512 (0.632 - 9.980) 2.217 (0.528 -9.316) 1.398 (0.607 - 3.220) 1.169 (0.494 -2.770) 

 Other qualifications 3.349 (0.392-28.584) 2.844 (0.323-25.029) 5.040 (1.293 - 19.646) 4.600 (1.151 -18.387) 

 No qualification 2.595 (0.813 -8.282) 2.027 (0.613-9.708) 2.066 (0.984 - 4.338) 1.673 (0.777 - 3.601) 



MANUSCRIPT 3                                      

184 

 

 
Rows highlighted in bold are significant at the p<0.05 level. 

Statistical test Binary logistic regression  

 

Work status       

 In paid employment REF REF REF REF 

 Not in paid employment  2.747 (1.374 -5.494) 2.342 (1.144 -4.794) 1.323 (0.819-2.138) 1.095 (0.663 -1.808) 

Household structure       

 2 adult household no child 1.633 (0.411 -6.487) 1.856 (0.425 -8.107) 2.069 (0.801 -5.345) 2.177 (0.808 -5.868) 

 sol adult HH no child 3.265 (1.218 -8.755) 2.06 (0.727 -5.834) 2.092 (1.122-3.900) 1.482 (0.768 -2.861) 

 2 adult HH >= 3 child N/A N/A 3.103 (0.999 -9.641) 5.310 (1.575 -17.906) 

 2 adult HH 2 children 0.694 (0.208 -2.32) 0.992 (0.275 -3.581) 1.494 (0.554 -4.207) 2.039 (0.719 -5.784) 

 2 adult HH 1 child 1.769 (0.447 -6.669) 1.738 (0.419 -7.198) 2.716 (1.039 -7.100) 2.782 (1.033 -7.491) 

 solo adult HH >= 3 child 1.122 (0.317 -3.973) 1.344 (0.347 -5.203) 2.808 (1.207 -7.676) 3.324 (1.157 -9.549) 

 solo adult HH 2 children 1.327 (0.379 -4.645) 1.362 (0.374 -4.956 1.353 (0.559 -3.275) 1.417 (0.569 -3.526) 

 solo adult HH 1 child REF REF REF REF 

Region       

 Yorkshire and the Humber 2.000 (0.707 -10.52) 5.477 (0.496 -13.042) 1.603 (0.366-3.932) 1.844 (0.462 -7.365) 

 West Midlands 2.719 (0.409 -9.785) 4.082 (0.704 -23.663) 1.458 (0.41 -6.262) 1.792 (0.437 -7.346) 

 South East 1.969 (0.502 -14.723) 3.326 (3.326 -19.682) 1.250 (0.299 -5.23) 1.703(0.394 -7.369) 

 North West N/A N/A 1.667(0.398 -6.974) 2.068 (0.48 -8.919) 

 North East 3.562(0.358 -10.821) 3.916 (0.531-28.892) 1.667 (0.374 -7.424) 1.786 (0.395 -8.089) 

 London N/A n/A 0.833 (0.179 -3.884) 0.782 (0.164 -3.729) 

 East of England 6.75 (0.605 -75.27) 14.92 (1.141 -195.003) 1.806 (0.391 -8.348) 2.643(0.546 -12.793) 

 East midlands 2.893 (0.686 -12.197) 4.243 (0.943 -19.088) 1.477 (0.426 -5.12) 1.744 (0.493 -6.175) 

 South West REF REF REF REF 
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Table 4-5. Comparison of Diet Quality Index-International (DQI-I) and percentage within subcategories for females aged 23-61 years with an income 
from Universal Credit (BEANs) and per the criteria for equivalised income tertiles in the National Diet and Nutrition Survey (years 9-11). 

Component Score Scoring Criteria  BEANs Lowest EQV1 Middle EQV 2 Highest EQV 3 

       

   (n =43) (n = 202) (n = 202) (n = 249) 
   Mean S.E.M Mean S.E.M p value Mean S.E.M p value Mean S.E.M p value 

Overall DQI 
(Diet Quality 
Index) Score Ŧ 

0-100 points 49.3 1.37 51.6a 0.71 0.164 54.4b 0.66 0.001 57.1c 0.54 <0.001 

Variety 0-20 points Beans n % 
EQV1 

n % p value 
EQV2 

n % p value 
EQV3 

n % p value 

Overall food 
group variety 
(meat/poultry/fis
h/eggs; 
dairy/beans; 
grain; fruit; 
vegetable) ¥ 

0-15 
points 

≥1serving from each 
food groups =15 2 4.7 26 12.9 <0.273 45 22.3 0.003 81 32.5 <0.001 
Any 1 food 
missing/d=12 14 32.6 77 38.1  80 39.6  99 39.8  
Any 2 food groups 
missing/d = 9 18 41.9 68 33.7  56 27.7  51 20.5  
Any 3 food groups 
missing = 6 5 11.6 23 11.4  18 8.9  13 5.2  
≥ 4 food groups 
missing/d = 3 4 9.3 8. 4.0  3 1.5  5. 2.0  
None from any food 
groups = 0  2 4.7 26 12.9  45 22.3  81 32.5  

Within-group 
variety for 
protein source 
(meat, poultry, 
fish, dairy, 
beans, eggs) ¥ 

0-5 
points  

≥ 3 different sources/d 
= 5 12 27.9 60 29.7 0.02 61 30.2 0.001 67 26.9 <0.069 

2 different sources/d = 
3 15 34.9 86 42.6  94 46.5  123 49.4  
From 1 source/d = 1 13 30.2 55 27.2  47 23.3  55 22.1  
None = 0  3 7.0 1 0.5  0 0.0  4 1.6  

Adequacy  0-40 points    
Vegetable 
group1¥ 

0-5 
points 
  

≥ 3-5 servings/d=5, 0 
servings =0            

 ≥ 100% = 5 1 2.3 20 9.9 <0.001 30 14.9 <0.001 62 24.9 <0.001 

 <100-50%= 3 7 16.3 62 30.7  87 43.1  108 43.4  
 <50% = 1 28 65.1 113 55.9  83 41.1  78 31.3  
  0 = 0 7 16.3 7 3.5  2 1  1 0.4  

Fruit group 1¥ 
0-5 
points 
  

≥ 2-4 servings/d=5, 0 
servings =0            

 ≥ 100% = 5 3 7 32 15.8 0.479 39 19.3 <0.013 74 29.7 <0.001 

 <100-50%= 3 6 14 28 13.9  33 16.3  60 24.1  
 <50% = 1 17 39.5 76 37.6  93 46  96 38.6  
  0 = 0 17 39.5 66 32.7  37 18.3  19 7.6  
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Grain Group1¥ 
0-5 
points 
  

≥ 6-11 servings/d = 5, 0 
servings/d = 0             

 ≥ 100% = 5 4 9.3   <0.001 3 1.5 <0.001 2 0.8 <0.001 

 <100-50%= 3 16 37.2 47 23.3  38 18.8  40 16.1  
 <50% = 1 23 53.5 152 75.2  159 78.7  203 81.5  
  0 = 0  0 0 3 1.5  2 1  4 1.6  
Fibre1¥ 

0-5 
points 
  

≥20-39g/d =5, 0, /d=0            

 ≥ 100% = 5 8 18.6 43 21.3 0.271 56 27.7 0.04 112 45.0 <0.001 

 <100-50%= 3 24 55.8 128 63.4  123 60.9  130 52.2  
 <50% = 1 11 25.6 31 15.3  23 11.4  7 2.8  
  0 = 0  0 0 0 0  0 0  0 0  

Protein¥ 

0-5 
points 
  

≥10% of energy/d = 5, 
0% of energy/d = 0             

 ≥ 100% = 5 42 97.7 199 98.5 0.693 200 99.0 0.047 247 99.2 0.361 

 <100-50%= 3 1 2.3 3 1.5  2 1.0  2 0.8  
 <50% = 1 0 0 0 0  0 0  0 0  

  0 = 0 0 0 0 0  0 0  0 0  

Iron2¥ 
0-5 
points 
  

100%RNI = 5, 0% of 
energy/d = 0            

 ≥ 100% = 5 4 9.3 21 10.4 0.296 31 15.3 0.005 68 27.3 <0.001 

 <100-50%= 3 21 48.8 121 59.9  133 65.8  143 57.4  
  <50% = 1 18 41.9 60 29.7  38 18.8  38 15.3  

Calcium¥ 
0-5 
points 
  

100%RNI = 5, 0% of 
energy/d = 0            

 ≥ 100% = 5 24 55.8 86 42.6 0.144 96 47.5 0.120 150 60.2 0.006 

 <100-50%= 3 14 32.6 99 49.0  95 47.0  94 37.8  
  <50% = 1 5 11.6 17 8.4  11 5.4  5 2.0  

Vitamin C¥ 

0-5 
points 
  

100%RNI = 5, 0% of 
energy/d = 0            

 ≥ 100% = 5 22 51.2 127 62.9 0.263 158 78.2 0.001 222 89.2 <0.001 

 <100-50%= 3 14 32.6 56 27.7  32 15.8  25 10.0  
  <50% = 1 7 16.3 19 9.4  12 5.9  2 0.8  
Moderation 0-30 points            
Total fat ¥ 
  

0-6 
points 
  

≤ 20% of total energy/d 
= 6 3 7 6 3.0 0.402 4 2.0 0.195 4 1.6 0.096 

>20-30% of total 
energy/d = 3 11 25.6 47 23.3  50 24.8  60 24.1  
>30% of total energy/d 
= 0 29 67.4 149 73.8  148 73.3  185 74.3  

Saturated fat¥ 0-6 
points 
  

≤7% of total energy/d = 
6 3 7 15 7.4 0.985 9 4.5 0.451 12 4.8 0.807 

 

>7 - 10% of total 
energy/d = 3 7 16.3 31 15.3  50 24.8  46 18.5  



MANUSCRIPT 3                                      

187 

 

  
> 10 % of total energy 
= 0  33 76.7 156 77.2  143 70.8  191 76.7  

Cholesterol3¥ 0-6 
points 
  

≤ 300 mg/d = 6 40 93.0 188 93.1 0.997 188 93.1 0.997 231 92.8 0.998 

 >300-400 mg/d = 3 2 4.7 9 4.5  9 4.5  12 4.8  
  >400 mg/d = 0  1 2.3 5 2.5  5 2.5  6 2.4  
Sodium¥ 0-6 

points  
  

≤2400mg/d = 6 37 86 179 88.6 0.589 172 85.1 0.495 204 81.9 0.324 

 >2400 - 3400 mg/d = 3 4 9.3 19 9.4  26 12.9  40 16.1  
  >3400mg/d = 0  2 4.7 4 2.0  4 2.0  5 2.0  
Empty calorie 
Foods ¥ 

0- 6 
points  
  

≤3% of total energy/d = 
6 3 7 16 7.9 0.967 18 8.9 0.914 24 9.6 0.786 

 

>3-10%of total 
energy/d = 3 11 25.6 49 24.3  52 25.7  55 22.1  

  
>10%of total energy/d 
= 0  29 67.4 137 67.8  132 65.3  170 68.3  

Overall, 
Balance 0-10 points             
Macronutrient 
ratio 
(Carbohydrate: 
protein:  fat) ¥ 
  

0 - 6 
points  
  

55~65:10~5:15~25 = 6 0 0 1 0.5 <0.643 0 0.0 0.028 0 0.0 0.006 

52~68:9~16:13~27=4 3 7 7 3.5  2 1  2 0.8  
50~70:8~17:12~30 = 2 4 9.3 14 6.9  12 5.9  11 4.4  

otherwise = 0 36 83.7 180 89.1  188 93.1  236 94.8  

Fatty acid ratio 
(PUFA: 
MUFA:SFA) ¥ 
  

0 – 4 
points 
  

P/S= 1~1.5 and M/S = 
1~1.5 = 4 0 0 4 2.0 0.360 3 1.5 0.238 4 1.6 0.277 

Else if P/S = 0.8 ~1.7 
and M/S = 0.8 ~1.7 = 2  1 2.3 13 6.4  18 8.9  20 8.0  
Otherwise = 0  42 97.7 185 91.6  181 89.6  225 90.4  

1, Based on calorie intake groups <1700kcal, >=1700-<2700, >=2700. 
2, Based on the RNI age specific 
3, No value for Cholesterol with the NDNS data set- an average of the BEANs results applied to the NDNS participants.  
Ŧ, independent T Test used to test for differences between BEANs and Lowest, Middle, and highest NDNS tertiles   
¥, Chi Square test used to test for difference in the frequency of participants within the subcomponents categories compared to BEANs 
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Table 4-6. Comparison of Diet Quality Index-International (DQI-I) scores for females aged 23-61 years with an income from Universal Credit (BEANs) 
and per the criteria for equivalised income tertiles in the National Diet and Nutrition Survey (years 9-11). 

  BEANs (n = 43) 
Lowest 
EQV1 

(n = 202)  
Middle 
EQV2 

(n = 202)  
Highest 
EQV3 

(n = 249)  

 score 
range 

score S.E.M score S.E.M P value score S.E.M P value score S.E.M P value 

Total DQI score 1 0-100 49.3 1.37 51.6a 0.71 0.164 54.4b 0.66 0.001 57.1c 0.54 <0.001 

Overall variety 1 0-20 12.1  0.63  13.4  0.26  0.043 14.3  0.26  0.001 14.9  0.23  <0.001 

Variety 2 0-15 9.3 0.46 10.3 0.21 0.059 11.2 0.20 <0.001 11.9 0.18 <0.001 

Within group variety 2 0-5 2.7 0.26 3.0 0.11 0.0287 3.1 0.10 0.148 3.0 0.09 0.251 

Adequacy combined 1 0-40 22.3 0.79 23.5 0.39 0.204 25.3 0.38 <0.001 27.8 0.29 <0.001 

Vegetable 2 0-5 1.3 0.16 2.0 0.10 <0.001 2.4 0.10 <0.001 2.9 0.10 <0.001 

Fruit 2 0-5 1.2 0.22 1.6 0.12 0.194 1.9 0.12 0.003 2.6 0.11 <0.001 

Grain 2 0-5 2.1 0.20 1.5 0.06 <0.001 1.4 0.06 <0.001 1.3 0.05 <0.001 

fibre 2 0-5 2.9 0.20 3.1 0.08 0.219 3.3 0.09 0.031 3.8 0.07 <0.001 

protein2 0-5 5.0 0.05 5.0 0.02 0.694 5.0 0.01 0.471 5.0 0.01 0.361 

Iron 2 0-5 2.3 0.20 2.6 0.09 0.172 2.9 0.08 0.003 3.2 0.08 <0.001 

Calcium 2 0-5 3.9 0.21 3.7 0.09 0.240 3.8 0.08 0.596 4.2 0.07 0.320 

vitamin C 2 0-5 3.7 0.23 4.1 0.09 0.118 4.4 0.08 <0.001 4.8 0.04 <0.001 

Overall moderation 2 0-30 14.4 0.66 14.3 0.32 0.855 14.4 0.30 0.928 14.0 0.26 0.525 

Total fat 2 0-6 1.2 0.28 0.9 0.11 0.341 0.9 0.10 0.352 0.8 0.09 0.269 

Sat fat 2 0-6 0.9 0.27 0.9 0.13 0.961 1.0 0.12 0.554 0.8 0.10 0.947 

Cholesterol 2 0-6 5.7 0.17 5.7 0.08 0.994 5.7 0.08 0.994 5.7 0.07 0.953 

sodium 2 0-6 5.4 0.23 5.6 0.08 0.604 5.5 0.09 0.935 5.4 0.09 0.572 

empty calorie foods 2 0-6 1.2 0.28 1.2 0.13 0.995 1.3 0.14 0.751 1.2 0.13 0.990 

Overall balance 1 0-10 0.5 0.18 0.5 0.09 0.987 0.4 0.07 0.497 0.3 0.06 0.378 

Macro ratio 2 0-6 0.5 0.17 0.3 0.07 0.315 0.2 0.04 0.040 0.1 0.03 0.007 

Fatty acid ratio 2 0-4 0.0 0.05 0.2 0.05 0.162 0.2 0.05 0.092 0.2 0.05 0.112 

 

1 values are means and standard error of the mean – test conducted independent T Test  
2 values are estimates and standard error of the mean (S.E.M) - test conducted Mann Whitney U   
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Table 4-7. Daily macronutrient intakes from diet only amongst females aged 23-61 years in BEANs and the NDNS year’s 9-11 Equivalised household 
income tertiles. 

 

BEANs Lowest (n =202) EQV1 Middle (n =202) EQV 2 Highest (n =249) EQV 3 

Median Percentiles Median Percentiles  Median Percentiles  Median Percentiles 
 

25 75 25 75 P 
value 

25 75 P 
value 

25 75 P value 

Total energy (kcal) diet only 
1443 (1086) (1723) 1520a (1204) (1771) 0.310 1546a (1296) (1799) 0.080 1660b 1330 1946 0.006 

Protein (g) diet only 55.4 (39.1) (78.3) 59.3a (49.5) (73.4) 0.331 66.0a (52.0) (79.0) 0.040 68.8b 58.5 82.2 0.002 

Fat (g) diet only 51.4 (35.2) (60.1) 57.6a (39.8) (71.7) 0.068 57.6ab (43.8) (71.5) 0.017 61.8b 47.1 79.7 <0.001 

Saturated fatty acids (g) diet 
only 

17.6 (13.4) (25.8) 21.4 (13.9) (27.6) 0.272 19.9 (14.8) (27.5) 0.285 21.6 15.5 29.1 0.032 

Carbohydrate (g) diet only 
187.4 (142.6) (230.7) 182.5 (145.1) (217.9) 0.813 187.7 (145.5) (224.4) 0.904 189.8 149.5 230.4 0.613 

P values are comparison of BEANs to NDNS equivalised household income tertiles. 

Superscript letter denotes significant differences between the NDNS Equivalised household income tertiles. 
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Table 4-8. Daily micronutrient intakes from diet only amongst females aged 23-61 years in BEANs and the NDNS year’s 9-11 equivalised household 
income tertiles. 

 

Beans (n =43) Lowest (n =202) EQV 1 Middle (n=202) EQV 2 Highest (n =249) EQV 3 

Median 
Percentiles 

Median 
Percentiles  

Median 
Percentiles  

Median 
Percentiles  

(25) (75) (25) (75) 
P 

value 
(25) (75) 

P 
value 

(25) (75) 
P 

 value 

Vitamin A 
(retinol 
equivalents) 
(µg)  

410.8 (288.5) (547.4) 564.6a (354.3) (835.8) 0.003 656.6 a (424.6) (995.3) <0.001 811.6b (497.1) (1377.2) <0.001 

Thiamine (mg)  1.1 (0.9) (1.6) 1.2 a (0.9) (1.5) 0.857 1.3b (1.1) (1.6) 0.097 1.4c (1.1) (1.7) 0.003 
Riboflavin (mg)  1.2 (0.8) (1.7) 1.2 a (0.9) (1.5) 0.639 1.3a (1.0) (1.6) 0.198 1.5b (1.2) (1.9) 0.001 
Niacin 
equivalent (mg)  

25.5 (18.5) (35.8) 27.4 a (21.9) (34.0) 0.634 30.1 ab (24.2) (36.7) 0.116 31.6b (26.2) (37.2) 0.023 

Vitamin B6 (mg)  1.3 (0.9) (1.7) 1.3 a (1.1) (1.6) 0.189 1.4a (1.1) (1.8) 0.019 1.5b (1.2) (1.8) <0.001 
Vitamin B12 
(µg)  

3.5 (2.0) (4.9) 3.8 a (2.6) (5.1) 0.221 3.9ab (2.9) (5.4) 0.040 4.5b (3.1) (5.7) 0.004 

Folate (µg)  169.3 (119.6) (201.8) 172.4 a (135.6) (225.5) 0.161 189.5a (150.2) (231.9) 0.006 219.1b (174.5) (277.4) <0.001 
Vitamin C (mg)  43.5 (27.7) (100) 50.0 a (32.6) (81.7) 0.522 64.0b (44.2) (99.5) 0.019 80.9c (55.0) (111.3) <0.001 
Sodium (mg 1651.7 (1253.9) (2092.4) 1696.5  (1347.2) (2131.2) 0.815 1670.9 (1339.7) (2178.4) 0.733 1862.9 (1408.5) (2248.1) 0.252 
Potassium (mg)  2199.3 (1710.7) (2841.9) 2274.5 a (1871.9) (2709.7) 0.762 2483.2b (2030.3) (3000.6) 0.034 2756.7c (2347.6) (3282.9) <0.001 
Calcium (mg)  714.7 (490.5) (956.9) 648.1 a (496.9) (849.6) 0.246 679.1a (522.4) (856.6) 0.422 773.7b (609.4) (945.5) 0.350 
Magnesium 
(mg)  

203.9 (158.6) (276.3) 204.9 a (164.8) (251.9) 0.760 229.4b (185.6) (277.6) 0.128 260.5c (217.1) (313.3) <0.001 

Phosphorus 
(mg)  

1002.9 (679.1) (1358.0) 1022.1 a (812.4) (1243.3) 0.872 1090.1a (876.9) (1297.0) 0.238 1170.2b (1002.1) (1404.8) 0.009 

Copper (mg)  0.9 (0.6) (1.1) 0.9 a (0.7) (1.1) 0.294 1.0b (0.8) (1.2) 0.010 1.1c (0.9) (1.5) 0.000 
Zinc (mg)  6.4 (4.7) (8.8) 6.8 a (5.4) (8.2) 0.646 7.4a (5.9) (8.9) 0.131 8.0b (6.4) (9.7) 0.004 
Iodine (µg)  104.2 (60.4) (146.9) 111.8 a (80.0) (144.8) 0.211 124.4a (90.4) (156.6) 0.018 140.4b (101.7) (200.6) <0.001 
Selenium (µg)  27.38 (21.8) (48.6) 37.9 a (28.3) (48.0) 0.021 40.1a (31.2) (52.5) <.001 45.5b (34.2) (56.9) <0.001 
Iron (mg) <=50 
years 

7.9 (5.6) (9.28) 8.5 a (6.5) (10.5) 0.193 9.2a (7.1) (11.0) 0.024 10.2b (7.7) (11.9) <0.001 

Iron (mg) >50 
years 

6.3 (4.0) (11.1) 7.4 a (5.3) (9.4) 0.262 8.7b (7.3) (10.2) 0.013 9.8b (8.1) (11.9) <0.001 

P values are comparison of BEANs to NDNS equivalised household income tertiles. 
Superscript letter denotes significant differences between the NDNS Equivalised household income tertiles. 
<=50 years n = 36 

>50 years n =7  
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Table 4-9. Comparison of energy and micronutrient intakes (%of the RNI and % below LRNI) amongst females aged 23-61 years with an income 
from Universal Credit (BEANs) per the criteria for equivalised income tertiles in the National Diet and Nutrition Survey (years 9-11). 

 Beans (n = 43) Lowest (n =202) EQV 1 Middle (n=202) EQV 2 Highest (n =249) EQV 3  

 Median 
percentiles 

Median 
percentiles 

P value Median  
percentiles P value  

 
Media

n 

percentiles P 
value 

 
25th  75th  25th 75th 25th  75th  25th  75th  

Energy 
(kcal) 

1443 (1086) (1723) 1520a (1204) (1771) 0.310 1546a (1296) (1799) 0.08 1660b 1330 1946 0.006 

N (total)  n (%) 
n 

(total) 
n (%) P value n (total) n (%) P value 

n 
(total) 

n (%) P value 

Percentage 
underreport
-ting β 

38Ŧ 19 (50.0) 183ŦŦ 57 (31.1) 0.026 183ŦŦ 38 (20.8) <0.001 233ŦŦŦ 50 (21.5) <0.001 

Nutrient 

% 
<LRNI 

Media
n 

% RNI 

% 
<LRNI 

Median 
% RNI 

Chi 
square 
LRNI 

Mann 
Whitney
% RNI 

% 
<LRNI 

Median 
% RNI 

Chi 
square 
LRNI 

Mann 
Whitney 
% RNI 

% 
<LRNI 

Media
n 

% RNI 

Chi 
square 
LRNI 

Mann 
Whitney 
% RNI 

Riboflavin 25.6 112.7 15.3 110.9 0.106 0.455 12.9 118.3 0.035 0.136 7.2 135.4 <0.001 <0.001 

Vitamin A 16.3 68.5 12.9 94.1 0.552 0.006 8.9 109.4 0.147 <0.001 3.6 135.3 <0.001 <0.001 

Folate 11.6 84.6 11.9 86.2 0.963 0.117 6.4 94.7 0.236 0.003 2.8 109.6 0.07 <0.001 

Vitamin B12 4.7 233.6 2.5 250 0.437 0.147 0.5 263 0.024 0.021 2.0 299.4 0.295 0.002 

Vitamin C 7.0 108.7 1.5 125 0.034 0.456 1.0 159.9 0.012 0.015 0.0 202.4 0.001 <0.001 

Vitamin B 6 n/a 106.0 0.0 110 n/a 0.146 0.5 118.3 n/a 0.012 0.0 127.8 n/a <0.001 

Thiamine 0.0 142.3 0.0 151 n/a 0.502 0.0 161.8 n/a 0.029 0.0 176.1 n/a <0.001 

Selenium 69.8 46.3 55.9 63.1 0.095 0.008 49.5 66.8 0.016 <0.001 38.2 75.8 <0.001 <0.001 

Iron<=50 yrs.$ 52.8 53.1 42.4 57.4 0.353 0.041 31.9 62.4 0.042 0.003 26.3 68.7 <0.006 <0.001 

Iron >50 yrs.$$ 28.6 72.0 18.2 84.6 0.520 0.546 8.2 99.6 0.093 0.074 1.4 112.7 <0.047 <0.001 

Potassium 37.2 62.8 31.7 65 0.483 0.574 23.3 70.9 0.058 0.017 14.1 78.8 <0.001 <0.001 

Iodine 32.6 74.4 17.3 79.9 0.023 0.277 9.4 88.9 0.000 0.026 4.8 100.3 <0.001 <0.001 

Magnesium 23.3 75.5 16.8 75.9 0.319 0.829 10.4 85.0 0.021 0.037 4.4 96.5 <0.001 <0.001 

Calcium 16.3 102.1 12.4 92.6 0.490 0.677 8.4 97.0 0.115 0.996 0.0 110.5 0.008 0.009 

Zinc 20.9 91.8 8.4 97.6 0.045 0.257 6.4 105.2 0.010 0.030 n/a 114.1 <0.001 <0.001 

Sodium 0.0 103.2 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

Copper n/a 70.9 n/a 73.3 n/a 0.294 n/a 83 n/a 0.010 n/a 95.3 n/a <0.001 

Ŧ five participants did not record a height or weight 

ŦŦ 19 participants did not record a height or weight 

ŦŦŦ 16 participants did not record height or weight  
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β Height& weight only  
$ Number of participants in study under 50 years BEANS (n = 36), NDNS Tertiles 1 (n =158), NDNS tertiles 2 (n = 158), NDNS tertiles 3 (n = 175)  
$$ Number of participants in study over50 years BEANS (n = 7), NDNS Tertiles 1 (n =44), NDNS tertiles 2 (n = 44), NDNS tertiles 3 (n = 74)  
β Height& weight only 
n/a =not applicable  
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Table 4-10. Areas targeted as part of social media campaign. 

Area City/Town 

Northeast and East midlands   Norwich, Ipswich, Northampton, Lincoln, Nottingham, Loughborough, Stoke on 
Trent  

West Midlands Coventry, Worcester, Birmingham, Dudley, West Bromwich 
Wales Cardiff, Swansea, Newport 
North and Central England Bradford, Leeds, Rotherham, Sheffield  
Northeast England South Shields, Middlesbrough, York, Kingston upon Hull 
Scotland Edinburgh, Glasgow, Dundee, Aberdeen 
Northwest England Manchester, Oldham, Warrington 
London and Essex Poplar, Walthamstow, West Thurrock, Ealing, Hounslow, Peckham, Bromley, 

Stratford, Harlesden, Southend on Sea 
Southern England Eastbourne, Brighton, Reading, Slough, Luton, Milton Keynes, Banbury  

 

 

Table 4-11 Number of servings or weight (g) of food in the adequacy category required to achieve maximum 
score of 5 based on energy intake groups. 

 Food group 

 Vegetables Fruits Grain Fibre 

Energy (kcal) Number of servings Weight (g) 

<1700 3 2 >= 6 20 
>=1700- <2200 4 3 >= 9 25 
>=2700 5 4 >= 11 30 

Adapted from the scoring system as describe by (Mariscal-Arcas et al., 2007) 
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Table 4-12. Serving sizes based on BDA (British Dietetic Association) serving size guidelines (average 
taken for milk and milk products based on portion size for milk and yogurt), 

DQI category Food group Serving 
size (g) 

Half serving 
size (g) 

Overall variety Within group variety Meat 90 45 

Overall variety Within group variety Poultry 90 45 

Overall variety Within group variety Fish 140 70 

Overall variety Within group variety Eggs 120 60 

Overall variety Within group variety 
Milk and milk products 170 85 

Dairy (cheese) 30 15 

Overall variety Within group variety Dairy (Beans) 150 75 

Overall variety Adequacy Grains (Bread and cereal) 35  

Overall variety Adequacy Grains (Rice and pasta) 150  

Overall variety Adequacy Fruits and vegetables 80  

Variety within protein sources, values >= ½ a serving were considered as a meaningful quantity as per 

recommendations in Kim et al study. 
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 Table 4-13 Question answer rate by food security status amongst BEANs participants. 

 
  Household food security status 

Food security 
domain Question High Marginal Low Very low  

Food 
secure 

Food 
insecure 

  n (%) n (%) n (%) n (%)  n (%) n (%) 

Total food security  12 (3.4) 25 (7.2) 89 (25.5) 223 (63.9)  37 (10.6) 312 (89.4) 

Anxiety and 
uncertainty about 

household food supply 

We worried whether our food would run out 
before we got money to buy more. 

0 (0) 15 (4) 67 (19) 222 (64)  15 (4) 289 (83) 

Insufficient quality 

The food that we bought just didn't last, 
and we didn't have money to get more. 

0 (0) 7 (2) 53 (15) 218 (62)  7 (2) 271 (78) 

We couldn't afford to eat balanced meals. 1 (0) 14 (4) 70 (20) 217 (62)  15 (4) 287 (82) 

Insufficient food intake 

Did you or other adults in your household 
ever skip or cut meals because there 
wasn't enough money for food? 

- - - - 46 (13) 223 (64)  - - 269 (77) 

Was that for three days or more? - - - - 25 (7) 190 (54)  - - 215 (62) 

Did you ever eat less than you felt you 
should because there wasn't enough 
money for food? 

- - - - 43 (12) 220 (63)  - - 263 (75) 

Were you ever hungry but didn't eat 
because there wasn't enough money for 
food? 

- - - - 12 (3) 217 (62)  - - 229 (66) 

Did you lose weight because there wasn't 
enough money for food? 

- - - - 7 (2) 150 (43)  - - 157 (45) 

Did you or other adults in your household 
ever not eat for a whole day because there 
wasn't enough money for food? 

- - - - 2 (1) 140 (40)  - - 142 (41) 

Was that for three days or more? - - - - 0 (0) 98 (28)  - - 98 (28) 

Only affirmative answers are counted.  
All questions were asked relating to the last 30 days.  
n = 349 responded to food security questions 
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Table 4-14. Coping strategy answer rate of by food security status amongst BEANs participants. 

 Household food security status 

 High Marginal Low Very low  Food 
secure 

Food insecure 

 n (%) n (%) n (%) n (%)  n (%) n (%) 

Rely on less preferred and less expensive foods? 4 (1) 13 (4) 58 (17 213 (61)  17 (5) 271 (78) 

Reduce the amount of fruit and vegetable intake? 1 (0) 7 (2) 56 (16) 209 (60)  8 (2) 265 (76) 

Reduce the variety of fruit and vegetable intake? 2 (1) 10 (3) 55 (16) 205 (59)  12 (3) 260 (75) 

Borrow food, or rely on help from a friend or relative? 0 (0) 4 (1) 28 (8) 156 (45)  4 (1) 184 (53) 

Access the Food Bank 0 (0) 1 (0) 18 (5) 100 (29)  1 (0) 118 (34) 

Purchase food on credit? 3 (1) 2 (1) 18 (5) 91 (26)  5 (1) 109 (31) 

Send household members to eat elsewhere? 1 (0) 2 (1) 11 (3) 83 (24)  3 (1) 94 (27) 

Limit portion size at mealtimes? 1 (0) 2 (1) 44 (13) 191 (55)  3 (1) 235 (68) 

Restrict consumption by adults in order for small 
children to eat? 

1 (0) 1 (0) 20 (6) 119 (34)  2 (1) 139 (40) 

Feed working members of the household at the 
expense of non-working members? 

0 (0) 0 (0) 12 (3) 56 (16)  0 (0) 68 (20) 

Reduce number of meals eaten in a day? 1 (0) 4 (1) 39 (11) 178 (51)  5 (1) 217 (62) 

Reduce food variation in meals? (Eat the same foods 
at each meal occasion or eat the same foods for 
consecutive days) 

3 (1) 10 (3) 61 (18) 190 (55)  13 (4) 251 (72) 

Skip entire days without eating? 1 (0) 1 (0) 13 (4) 138 (40)  2 (1) 151 (43) 

Only affirmative answers are counted.  
All questions were asked relating to the last 30 days.  
n = 348 responded to coping strategy questions.
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Figure 4-1 Perceived change in food category intake since the £20 a week uprating to 
Universal credit was introduced and from its subsequent removal. Results are the mode of 
each category. A total of 349 respond to questions of how the uprating influenced food 
category intake.  
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 General Discussion  

 

5.1 Introduction. 

The two published manuscripts and the manuscript in preparation for 

publication each have a discussion section, evaluating the results in context 

of the literature available at the time of publication. The following sections 

discuss the key themes from the research and suggestions for future work.  

5.2 Summary background.  

It is well documented in high income countries, that there are social and 

environmental barriers which can impede access to a healthy diet for people 

with low incomes (Attree, 2006; McFadden et al., 2014). Furthermore, a social 

gradient in health is known to exist. Disadvantaged population groups have 

higher rates of diet related diseases such as diabetes, cardiovascular 

disease, and some forms of cancer (Darmon and Drewnowski, 2015). 

However, it has been noted in European counties, that there is a lack of 

systematic studies on food insecurity (Nielsen et al., 2017). It was not until 

2019, that measurement of food insecurity (which measure access to food in 

relation to money) in the UK included all four countries (Loopstra, 2019). The 

first set of results were published in March 2021, indicating 14% of UK 

households experienced some form of food insecurity (6% marginal and 4% 

low or very low food security (DWP, 2021b) although for classification of food 

insecurity only “low” and “very low food security” are considered food 

insecure. Results in years’ 2020/2021 of the FRS suggest a slight reduction 

in food insecurity in the UK as 11% of the general population experienced 
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some form of food insecurity of which 5% “marginal” food secure and 3% “low” 

or “very low food secure”.  

Low-income does not always necessarily mean an individual is food insecure, 

but they may be nutritionally insecure. Previous studies have reported that 

individuals with a low income are more likely to have a diet with lower 

quantities of fruit and vegetables, purchase less healthful foods and consume 

a greater quantity of sugar sweetened beverages compared to higher income 

groups (French et al., 2019). Furthermore, observations from epidemiological 

studies noted micronutrient intakes were more effected than macronutrient 

intakes by Socio-Economic Status, this was suggested because of increasing 

refined cereals within the diet as income decreased (Darmon and 

Drewnowski, 2008). Micronutrient deficiencies are thought to impact over 2 

billion people worldwide and it is suggested that of these, 3% are in high 

income countries (60 million people) (Chaudhuri et al., 2021).  

5.3 Key findings. 

5.3.1 General overview of findings. 

Combined, the three cross sectional studies in this thesis find adolescent 

girls and adult women in the UK have a poorer diet quality, micronutrient 

intakes which are low compared to the RNI and a high percentage with 

dietary micronutrient intakes below the LRNI. The diets of lower income 

adolescents and adult women do not meet the criteria for food and 

nutritional security as their diets do not have sufficient quantity of nutritious 

foods. In general, the studies found a gradient in micronutrient intakes and 

diet quality when categorised by equivalised household income. However, 

it must be noted there are limitations in the statistical methodology.  
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Confounding factors that may have influenced the relationship between 

household income and diet were not taken into consideration e.g., 

educational attainment, occupation. Furthermore, the studies 2 and 3 used 

convenience sampling and as such are not representative of the general 

population therefore the results are representative of the population 

participating in the studies at the time. Even with these limitations the 

studies highlight disparities in nutrient intakes with those in the lowest 

income groups disproportionately impacted.   

5.3.2 Manuscript 1. 

Adolescents living in lower income households consumed fewer 

vegetables, milk products and bread and cereal products but their intake of 

sugar sweetened beverages, snacks and candy were consumed in similar 

quantities to adolescents in higher income households this is in contrast to 

previous studies which found consumption of sugar weekend beverages to 

be greater in lower income households compared to higher income 

households(French et al., 2019). Whilst we were unable to assess the food 

security status of adolescents the findings from this paper support the need 

for development/consideration of nutrition security in conjunction with food 

security measures. Whilst the terms nutrition security and food security are 

often used interchangeable, they are quite different in their focus, with food 

security concerned with enough foods and nutrition security concerned with 

the nutrient in the food contributing positively to health and wellbeing. 

Previous research has shown the energy intakes does not vary between 

socio-economic status  (Darmon and Drewnowski, 2008). The results result 

from this study follow similar pattern (Table 2.1) whereby energy intakes are 
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similar across the equivalised income groups for females aged 11-14 and 

15-18 years. Although, estimated dietary iron and zinc intakes vary 

numerical across the income groups in both age categories females aged 

11-14 years in income quintiles 1 and 3 had a significantly lower iron intake 

compared to those income quintiles 5. It is known self-reported dietary 

surveys are prone to misreporting and under reporting of energy intakes. 

Under reporting of energy intakes is common amongst adults with excess 

weight, this is also the case for children (3-18 years)  (Ravelli and Schoeller, 

2020). Furthermore, under reporting of energy intakes has been found to be 

common amongst groups living in more deprived areas or with lower 

educational attainment (Grech et al., 2021) this could have biased our 

results as majority of females in both age groups in income quintile 1 were 

also living in the most deprived areas.   

5.3.3 Manuscript 2. 

High income households change shopping and food spending behaviour to 

ensure adequate food supply. This may be to the detriment of lower income 

households who do not have the purchasing power to buy in bulk. Drivers 

of food insecurity are not solely due to a lack of monetary resources. The 

“availability” domain of food security is a factor in the experience of food 

insecurity across income groups when the retail sector is unable to keep 

pace with demand.  

The finding that high income households experienced food insecurity during 

COVID-19 pandemic was surprising and highlights the fragility of food 

security at the household level when external factors alter food supply. As 

the UK navigates the cost-of-living crisis, this research may aid in identifying 
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population groups at risk of food insecurity and the development of 

interventions to protect the most vulnerable. 

5.3.4 Manuscript 3.  

Women in receipt of UC are disproportionally represented for intakes of 

micronutrients below the LRNI (riboflavin, magnesium, selenium, zinc, and 

iodine) compared to the general population. We did not find evidence for 

women with an income from UC consuming a greater quantity of high fat, 

salt, sugar foods compared to the general population. What the study did 

find was a reliance on bread in particular white bread for energy and 

nutrients in the diet of women with and income from UC. 

5.3.5 Who is at risk of experiencing food insecurity and to what 

severity?  

The prevalence of food insecurity in the UK is increasing, even before 

COVID-19 pandemic and the characteristics of those at risk are well 

documented (low income, younger age, living with disability, households 

with children, households from minority ethnic groups)(Francis-Devine et 

al., 2022). As discussed in Chapter 1, the UK has amongst the worse levels 

of adult food insecurity in Europe. The measure of food insecurity in the past 

has been fragmented and inconsistent and it’s only since 2019 that USDA 

adult food security module was included in the FRS which is used in the 

tracking of the UK’s progress towards the SDGs. The UK is not on target to 

meet the SDGs one (No Poverty) and two (Zero Hunger).  

The experience of food insecurity and its causes are complex, but many 

agree, food insecurity is a symptom of low income(Francis-Devine et al., 
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2022). However, this research highlights that food insecurity can be 

experienced by higher income households also although the severity of food 

insecurity for this group is marginal and characterized by anxiety and worry.  

5.4 Measuring food security, diet quality, and energy and nutrient 

intakes.  

5.4.1 Measuring food security. 

In this research two different survey tools were used to quantify household 

food insecurity (HFIAS, and USDA adult food security module). The reason 

for the difference in survey tools used was in in part due to the wording in 

each of tools. The USDA focus is on lack of monetary resources for the 

experience and food insecurity whilst the HFIAS measurement tool is 

concerned with resources. The HFIAS was used at the time when there 

were restrictions on movement and the retail sector struggled to keep pace 

with demand. It was felt the HFIAS survey was better suited at the time as 

it could be adapted for both monetary and availability of foods. The HFIAS 

and USDA adult food security survey capture the characteristics of food 

insecurity along the spectrum from anxiety and worry about running out of 

food, adapting the quality of food in the diet to reducing the quantity of food 

and skipping whole days without food. However, in the COVID-19 study the 

classification of food insecurity included the category “mild” food insecurity. 

Whilst in the UC study the classification of food insecurity included “low” and 

“Very low food security” in future work it is suggested to use the USDA tool 

and the classification criteria as it is aligned with national data and allows 

for comparison between the data sets. Experience of food insecurity may 
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be an indicator that a household has other forms of material deprivation 

(Bartelmeß et al., 2022). 

5.4.2 Diet quality. 

The WHO/FAO have suggested that for a healthy diet at least 20 and maybe 

up to 30 biologically distinct foods, primarily plant based, are required each 

week for a healthy diet (FAO, 2003). The UK Government Food Based 

Dietary Guidelines (FBDG) recommend eating a variety of food from five 

food groups. It is recommended fruit and vegetables contribute 39%, 

carbohydrates 37%, proteins 12%, dairy and alternatives 8%, oils and 

spreads 1% and foods high fat, sugar, and salt 3% (PHE, 2016). Results 

from a recent study evaluating adherence to the Eatwell guide found just 

0.1% of the UK population meet all nine recommendations for diet, which 

includes recommendations for quantities of total fat, saturated fat, sugar, 

salt, fibre per day and portions of fish and red and processed meat per week. 

Individuals who had an intermediate to high adherence to the Eatwell guide 

were found to have a 7% reduced risk of total mortality  (Scheelbeek et al., 

2020). 

The diet quality of lower income adolescents and adult women suggests low 

adherence to the Eatwell guide compared to higher income counterpart as 

such it is suggested the experience of household food insecurity will limiting 

people potential and widening diet and health inequalities in the UK as well 

as placing a financial burden on society and the NHS because of the cost 

of treating diseases associated with malnutrition.  
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Females in receipt of Universal Credit have poorer diet quality, lower 

micronutrient intakes and a higher proportion of the population below the 

LRNI for certain micronutrients compared to the general population. Taken 

together this indicates there are likely deficiencies of micronutrients 

amongst UC claimants. Furthermore, the lower diet quality, diversity of food 

groups and variety of protein sources in the diet are an indicator of low food 

security and micronutrient deficiencies. Measuring food and nutritional 

insecurity in the UK. 

5.4.3 Energy intakes 

Underreporting of energy intakes was widespread amongst adolescents 

and females with an income from UC but not for females who participated 

with the COVID-19 study, this may be in part due to classification of food 

insecurity including “mild” characterised by anxiety and worry but not a with 

a change in dietary habits whilst in the UC study, classification of food 

insecurity was “low” and “very low food security”. These two groups are 

characterised by reducing quality of foods in the diet and skipping meals or 

going whole days without eating.  

5.5 The proportion of income spend on food. 

Consuming a variety of foods aligned with government recommendations 

has been found to cost more than unhealthy diets (Darmon and 

Drewnowski, 2015), although a study in Australia found a healthy diet 

consistent with healthy eating guidelines cost less than current spend on 

food but was still unaffordable for low income households (Love et al., 2018) 

whilst a study in the UK found a healthy diet to cost twice as much as an 

unhealthy one (Morris et al., 2014). 
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Households in the UK with the lowest 20% of income spend proportionally 

more of their income on foods compared to average UK households 

although the amount spent overall is less (DEFRA, 2018). This Indicates 

that food costs have a greater burden on lower income households. In the 

Covid-19 study we found when the proportion of income spent on food 

exceeded 13% the risk of food insecurity is increased 1.6-fold. Recent data 

on food affordability indicates the average household spent 14% of their 

expenditure on food and those in the lowest 20% spent 18.3% of 

expenditure on food (DEFRA, 2022d). This highlights an increased burden 

on household budgets because of the rise in food costs across society but 

the burden is still the greatest amongst those with the lowest income.  

5.6 Support available for low-income households. 

The UK Government provide healthy start vouchers and free school meals 

to support low-income households' access to food. However, there are calls 

for widening of inclusion criteria to support those on low income but above 

threshold for benefits. In 2018 changes were made to the criteria for free 

school meals, an income threshold of £7400 was introduced when 

previously there was none (Bradshaw, 2018). Therefore, a family earning ≥ 

£7400 per year are not eligible for free school meals worth £437 per year 

based on 190 school day. 

Prior to Covid-19, recipients of working benefits had not seen an increase 

in their income as rates were frozen at the 2015/2016 cash value, the period 

between 2013 and 2015 also saw increases in working age benefits capped 

at 1%. However, the government has lifted the freeze, and benefits are now 

in line with the consumer price index (CPI) resulting in a 1.7% increase 
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(McInnes and Kennedy, 2021). Whilst this is good news, the benefits 

affected by the freeze are around 6% lower in 2020/21 than if they had kept 

pace with CPI indexation (McInnes and Kennedy, 2021). 

During the Covid-19 pandemic the UK government introduced changes to 

welfare provision including the provision of free school meal vouchers to the 

value of £15 per child for eligible households. Furthermore, funds were 

made available for charitable organizations working directly with low-income 

groups to support social supermarkets aiding access to affordable food. 

5.7 Recommendations. 

It is recommended to continue the research into food security with the 

inclusion of nutritional security in sub-population groups in the UK. To aid in 

the understanding of nutritional security the development of criteria 

assessing nutritional security. 

Further research is needed to understand how any uprating to benefits 

impacts on food security and nutritional security. To aid in the understanding 

of the role income has in affording protection from the experience of food 

insecurity and how this influences diet quality, energy, and nutrients intakes.  

Monitoring of disease associated with poor diet and its connection to food 

and nutritional insecurity is required to gain an understanding of who is at 

risk, prevalence of nutrient deficiency and impact on health now and in the 

future, including for offspring, who, when deficiencies of certain 

micronutrient in the mother during pregnancy are detrimental to the growth 

and development of a child and can include stunting and impaired cognitive 

development and growth.  
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The human body physical requirement for micronutrients is small hence the 

term micronutrient but the impact to health is vast if intakes are suboptimal. 

Whilst it is recognised there is a social gradient in health and those living in 

the most deprived areas, are disproportionally impacted, research is needed 

to understand the experience of food insecurity, who is experiencing food 

insecurity and its effect on diet and the foods contributing to micronutrient 

intakes.  It is necessary to investigate food insecurity alongside established 

indicators of poor diet and ill health such as Socio-Economic Status (SES) 

or Indices of Multiple Deprivation (IMD) for identification and targeting of 

resources to address diet and health inequalities. Food insecurity is 

predominantly caused by economic restrictions and can be experienced 

along the SES spectrum and within in all IMD’s. How communities support 

those experiencing food insecurity differ depending on the resources 

available in different locations.  

Research is required amongst population groups who are not always fully 

represented in national surveys, such as households with an income from 

benefits to truly get an understanding as to the prevalence and severity of 

FIS across different population groups as well as an understanding of how 

food insecurity is experiences is it chronic or transitory are they multiple time 

points throughout the year when food insecurity is experienced. 

It is important to characterize the impact of FIS on diet and micronutrient 

intakes to inform polices to best support interventions which are then able 

to provide support and access to nutritious foods that are cultural 

appropriate, enable choice and are sourced in socially acceptable ways to 

move people to a high food secure status. There is a need to reverse the 
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growing levels of food insecurity and address the diet and health inequalities 

associated with the experience of food insecurity. 

5.8 Conclusions. 

This work has highlighted the nutritional security of low income and food 

insecure female adolescents and adults to be poor when compared to their 

higher income and food secure counterparts, highlighting the need for 

targeted intentions to address both food and nutrition insecurity in the UK.  

A key feature of this work is the assessment of nutrient intakes alongside 

income and food security status in population groups who may not always 

be represented fully in national surveys. Whilst we know majority of the UK 

population are food secure, we do not have a full insight into sub-population 

group’s food and their nutritionally security, as such further research into 

this area is recommended, 
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 Appendices  

 

7.1 APPPENDIX A: U.S Adult Food Security Survey Module 

These next questions are about the food eaten in your household in the last 12 
months, since (current month) of last year and whether you were able to afford the 
food, you need. 

Adult/Household questions 
In the last 12 months, can you tell me if these statements were true for you? 

1 “We worried whether our food would run out 
before we got money to buy more.” 

 

2 “The food that we bought just didn’t last, and we 
didn’t have money to get more.” 

 

3 “We couldn’t afford to eat balanced meals.”  

4a Did (you/you or other adults in your household) 
ever cut the size of your meals or skip meals 
because there wasn’t enough money for food? 

 

4b If yes: How often did this happen—almost every 
month, some months but not every month, or in 
only 1 or 2 months? 

Almost every day 
Some days but not every 
day 
Only 1 or 2 days 

5 Did you ever eat less than you felt you should 
because there wasn’t enough money for food 

 

6 Were you every hungry but didn’t eat because 
there wasn’t enough money for food 

 

7 Did you lose weight because there wasn’t enough 
money for food? 

 

8a Did (you/you or other adults in your household) 
ever not eat for a whole day because there wasn’t 
enough money for food? 

 

8b If yes: How often did this happen—almost every 
day, some days but not every day, or in only 1 or 
2 days? 
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7.2 APPENDIX B: Household Food Insecurity Access Scale (HFIAS) Generic 

Questions 

No Question Response   

1 In the past four weeks, did 
you worry that your 
household would not have 
enough food?  

0 = No (skip to Q2) 
1 = Yes  
 

  

1a How often did this happen  1 = Rarely (once or twice 
in the past four weeks) 
2 = Sometimes (three to 
ten times in the past four 
weeks) 
3 = Often (more than ten 
times in the past four 
weeks 
 

  

2 In the past four weeks 
were you or any 
household member not 
able to eat the kinds of 
foods you preferred 
because of lack of 
resources?  

0 = No (skip to Q3) 
1 = Yes 

Lack of 
Money 
(please 
tick) 

Lack of 
Food 
available 
(please 
tick)  

2a How often did this happen  1 = Rarely (once or twice 
in the past four weeks) 
2 = Sometimes (three to 
ten times in the past four 
weeks) 
3 = Often (more than ten 
times in the past four 
weeks 
 

  

3 In the past four weeks, did 
you or any member have 
to eat a limited variety of 
foods due to lack of 
resources?  

0 = No (skip to Q4) 
1 = Yes 

Lack of 
Money 
(please 
tick) 

Lack of 
Food 
available 
(please 
tick)  

3a How often did this happen  1 = Rarely (once or twice 
in the past four weeks) 
2 = Sometimes (three to 
ten times in the past four 
weeks) 
3 = Often (more than ten 
times in the past four 
weeks 
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4 In the past four weeks, did 
you or any household 
member have to eat foods 
that you really did not want 
to eat because of lack of 
resources to obtain other 
types of food? 

0 = No (skip to Q5) 
1 = Yes 

Lack of 
Money 
(please 
tick) 

Lack of 
Food 
available 
(please 
tick)  

4a How often did this happen  1 = Rarely (once or twice 
in the past four weeks) 
2 = Sometimes (three to 
ten times in the past four 
weeks) 
3 = Often (more than ten 
times in the past four 
weeks 
 

  

5 In the past four weeks, did 
you or any household 
member have to eat a 
smaller meal than you felt 
you needed because 
there was not enough 
food?  

0 = No (skip to Q6) 
1 = Yes 

Lack of 
Money 
(please 
tick) 

Lack of 
Food 
available 
(please 
tick)  

5a How often did this happen  1 = Rarely ( once or twice 
in the past four weeks) 
2 = Sometimes (three to 
ten times in the past four 
weeks) 
3 = Often (more than ten 
times in the past four 
weeks 
 

  

6 In the past four weeks, did 
you or any other member 
have to eat fewer meals in 
a day because there was 
not enough food? 

0 = No (skip to Q7) 
1 = Yes 

Lack of 
Money 
(please 
tick) 

Lack of 
Food 
available 
(please 
tick)  

6a How often did this happen  1 = Rarely (once or twice 
in the past four weeks) 
2 = Sometimes (three to 
ten times in the past four 
weeks) 
3 = Often (more than ten 
times in the past four 
weeks 
 

  

7 In the past four weeks, 
was there ever no food to 
eat of any kind in your 

0 = No (skip to Q8) 
1 = Yes 

Lack of 
Money 

Lack of 
Food 
available 
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household because of 
lack of resources to get 
food?  

(please 
tick) 

(please 
tick)  

7a How often did this happen  1 = Rarely (once or twice 
in the past four weeks) 
2 = Sometimes (three to 
ten times in the past four 
weeks) 
3 = Often (more than ten 
times in the past four 
weeks 
 

  

8 In the past four weeks, did 
you or any household 
member go to sleep at 
night hungry because 
there was not enough 
food?  

0 = No (skip to Q9) 
1 = Yes 

Lack of 
Money 
(please 
tick) 

Lack of 
Food 
available 
(please 
tick)  

8a How often did this happen  1 = Rarely (once or twice 
in the past four weeks) 
2 = Sometimes (three to 
ten times in the past four 
weeks) 
3 = Often (more than ten 
times in the past four 
weeks 
 

  

9 In the past four weeks, did 
you or any household 
member go a whole day 
and night without eating 
anything because there 
was not enough food?  

0 = No (Survey finished) 
1 = Yes 

Lack of 
Money 
(please 
tick) 

Lack of 
Food 
available 
(please 
tick)  

9a How often did this happen  
 
 
 
 
 
 
 

1 = Rarely (once or twice 
in the past four weeks) 
2 = Sometimes (three to 
ten times in the past four 
weeks) 
3 = Often (more than ten 
times in the past four 
weeks 
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7.5  APPENDIX E: Covid-19 Dietary assessment study survey. 

 

PAGE 1 

Welcome to the Covid-19 Food Security and Dietary Assessment Study 

We would like to invite you to take part in our research study exploring the potential impact of 

Covid-19 related social isolation and movement restriction on dietary intake and access to 

food.   Firstly, we would like you to understand why the research is being done and what it 

would involve for you.  Please take some time to read the participant information sheet 

which can be accessed by following this link (ADD LINK TO PDF OF P.I.S ONCE 

APPROVED) before joining the survey and completing the consent questions.  

This research has been approved by the School of Biosciences Research Ethics Committee 

(SBRECXXXXXXX) 

 

If you have any questions please contact lisa.coneyworth@nottingham.ac.uk or 

simon.welham@nottingham.ac.uk 

 

Page 2 

Consent 

The following questions confirm that you consent to taking part in this online survey.   Your 

individual identities will be anonymised prior to analysis.  Your participation in this survey and 

subsequent dietary analysis is voluntary and you may withdraw at any time by simply not 

completing or submitting the survey.  Data will be stored in accordance with the General Data 

Protection Regulation (GDPR). Cookies, personal data stored by your Web browser, are not 

used in this survey. However, as an online participant in this research, there is always the 

minimal risk of intrusion by outside agents and therefore the possibility of being identified. 

mailto:lisa.coneyworth@nottingham.ac.uk
mailto:simon.welham@nottingham.ac.uk


APPENDIX E 
 

268 

 

 

I confirm that I have read the participant information sheet and I understand all 

information provided about the online survey. 

True False 

 

I understand that my individual identity will be anonymised prior to analysis.  

True False 

 

I understand that my participation in the online survey is voluntary and that I may 

withdraw at any time by exiting the survey. 

True False 

 

I agree that data collected in the online survey may be used for academic publication 

and conference presentations. 

True False 

 

I understand that relevant sections of data collected in the survey may be looked at by 

authorised individuals from the University of Nottingham, the research group and 

regulatory authorities where it is relevant to my taking part in this survey. I give 

permission for these individuals to have access to these records and collect, store, 

analyse and publish information obtained from my participation in this survey. 

True False 
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I understand that anonymous direct quotes from the survey may be used in study 

reports. 

True False 

 

I agree to take part in the online survey. 

True False 

Page 3 

Please tell us a little bit about yourself 

Questions on this page will ask you to provide information about yourself.   

 

1. What is your sex? 
❑ Male 
❑ Female 
❑ Prefer not to say  
❑ Other 

 

 

2. What is your age in years and months? 
 

    

 (yy/mm) 

3. Please state your height and weight 
 

Body Weight   

Kg  

Lbs  
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Stones and Pounds  

Height  

Feet and inches  

Centimetres   

 

4. Please state your ethnicity (INCLUDE AS A DROP DOWN BOX) 
White 

❑ English/Welsh/Scottish/Northern Irish/British 
❑ Irish 
❑ Gypsy or Irish Traveller 
❑ Any other White Background 

Mixed/Multiple Ethnic groups  

❑ White and Black Caribbean 
❑ White and Black African 
❑ White and Asian 
❑ Any other Mixed / Multiple ethnic background 

Asian / Asian British 

❑ Indian 
❑ Pakistani 
❑ Bangladeshi 
❑ Chinese 
❑ Any other Asian background 

Black / African / Caribbean / Black British 

❑ African 
❑ Caribbean 
❑ Any other Black / African / Caribbean background 

Other ethnic group 

❑ Arab 
❑ Any other ethnic group 

 
5. What is your highest level of education? Please select one option 

❑ No qualifications 
❑ Completed GCSE/CSE/O-levels, NVQ 2, or equivalent  
❑ AS Level, A levels, Access to Higher Education, NVQ 3 or equivalent  
❑ Certificate of Higher Education (CertHE) ,Higher apprenticeship, Higher 

National Certificate (HNC), NVQ level 4 or equivalent 
❑ Diploma of Higher education (DipHE), Foundation Degree, Higher National 

Diploma (HND) or equivalent 
❑ Undergraduate degree or equivalent 
❑ Postgraduate degree (e.g., MEng, MA, MSc, PGCE)  
❑ Postgraduate degree (PhD or DPhil) 

 

6. Please enter your Post Code below.  Post code information will help us to complete 
regional analysis of the data we collect.  
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7. Are you currently: 
❑ Self-isolating following symptoms 
❑ High risk 
❑ Self-isolating following symptoms in a member of your household 
❑ Not applicable 
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Food security  

We would like to ask you some question related to your household food access. 

 

8. Please complete the table below   
 

Resources = lack of money or lack of food available  

If you have any concerns about access to food or would like further support, please visit  

https://www.trusselltrust.org/get-help/emergency-food/ 

No Question Response   

1 In the past four weeks, did 
you  
worry that your household 
would not have enough food?  

0 = No (skip to Q2) 
1 = Yes  
 

  

1a How often did this happen  1 = Rarely (once or twice in 
the past four weeks) 
2 = Sometimes (three to ten 
times in the past four 
weeks) 
3 = Often (more than ten 
times in the past four weeks 
 

  

2 In the past four weeks were 
you or any household 
member not able to eat the 
kinds of foods you preferred 
because of lack of resources?  

0 = No (skip to Q3) 
1 = Yes 

Lack of 
Money 
(please tick) 

Lack of 
Food 
available 
(please 
tick)  

2a How often did this happen  1 = Rarely (once or twice in 
the past four weeks) 
2 = Sometimes (three to ten 
times in the past four 
weeks) 

  

https://www.trusselltrust.org/get-help/emergency-food/
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3 = Often (more than ten 
times in the past four weeks 
 

3 In the past four weeks, did 
you or any member have to 
eat a limited variety of foods 
due to lack of resources?  

0 = No (skip to Q4) 
1 = Yes 

Lack of 
Money 
(please tick) 

Lack of 
Food 
available 
(please 
tick)  

3a How often did this happen  1 = Rarely (once or twice in 
the past four weeks) 
2 = Sometimes (three to ten 
times in the past four 
weeks) 
3 = Often (more than ten 
times in the past four weeks 
 

  

4 In the past four weeks, did 
you or any household 
member have to eat foods 
that you really did not want to 
eat because of lack of 
resources to obtain other 
types of food? 

0 = No (skip to Q5) 
1 = Yes 

Lack of 
Money 
(please tick) 

Lack of 
Food 
available 
(please 
tick)  

4a How often did this happen  1 = Rarely (once or twice in 
the past four weeks) 
2 = Sometimes (three to ten 
times in the past four 
weeks) 
3 = Often (more than ten 
times in the past four weeks 
 

  

5 In the past four weeks, did 
you or any household 
member have to eat a smaller 
meal than you felt you 
needed because there was 
not enough food?  

0 = No (skip to Q6) 
1 = Yes 

Lack of 
Money 
(please tick) 

Lack of 
Food 
available 
(please 
tick)  

5a How often did this happen  1 = Rarely ( once or twice in 
the past four weeks) 
2 = Sometimes (three to ten 
times in the past four 
weeks) 
3 = Often (more than ten 
times in the past four weeks 
 

  

6 In the past four weeks, did 
you or any other member 
have to eat fewer meals in a 
day because there was not 
enough food? 

0 = No (skip to Q7) 
1 = Yes 

Lack of 
Money 
(please tick) 

Lack of 
Food 
available 
(please 
tick)  

6a How often did this happen  1 = Rarely (once or twice in 
the past four weeks) 
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2 = Sometimes (three to ten 
times in the past four 
weeks) 
3 = Often (more than ten 
times in the past four weeks 
 

7 In the past four weeks, was 
there ever no food to eat of 
any kind in your household 
because of lack of resources 
to get food?  

0 = No (skip to Q8) 
1 = Yes 

Lack of 
Money 
(please tick) 

Lack of 
Food 
available 
(please 
tick)  

7a How often did this happen  1 = Rarely (once or twice in 
the past four weeks) 
2 = Sometimes (three to ten 
times in the past four 
weeks) 
3 = Often (more than ten 
times in the past four weeks 
 

  

8 In the past four weeks, did 
you or any household 
member go to sleep at night 
hungry because there was 
not enough food?  

0 = No (skip to Q9) 
1 = Yes 

Lack of 
Money 
(please tick) 

Lack of 
Food 
available 
(please 
tick)  

8a How often did this happen  1 = Rarely (once or twice in 
the past four weeks) 
2 = Sometimes (three to ten 
times in the past four 
weeks) 
3 = Often (more than ten 
times in the past four weeks 
 

  

9 In the past four weeks, did 
you or any household 
member go a whole day and 
night without eating anything 
because there was not 
enough food?  

0 = No (Survey finished) 
1 = Yes 

Lack of 
Money 
(please tick) 

Lack of 
Food 
available 
(please 
tick)  

9a How often did this happen  1 = Rarely (once or twice in 
the past four weeks) 
2 = Sometimes (three to ten 
times in the past four 
weeks) 
3 = Often (more than ten 
times in the past four weeks 
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How have you been coping during the Covid 19 self-isolation and movement 

restrictions?  

9. In the past 7 days, if there have been times when you did not have enough food or 
money to buy food, how many days has your household had to: 

 

Behaviours: Frequency: 
Number of days out of 
the past seven: (Use 
numbers 0 – 7 to 
answer number of 
days; Use NA for not 
applicable) 

a) Rely on less preferred and less expensive foods? 
(switching from branded to non-branded food items or 
using cheaper cuts of meat,  e.g., beef mince instead of 
beef steak or switching from 5% fat beef mince to higher 
percentage fat mince) 

 

b) Reduce the amount of fruit and vegetable intake?  
c) Reduce the variety of fruit and vegetable intake? 

 

d) Borrow food, or rely on help from a friend or relative?  

e) Access the Food Bank  

f) Purchase food on credit?  

g) Send household members to eat elsewhere?  

h) Limit portion size at mealtimes?   

i) Restrict consumption by adults in order for small children 
to eat? 

 

j) Feed working members of HH at the expense of non-
working members? 

 

k) Reduce number of meals eaten in a day?  

l) Reduce food variation in meals? (eat the same foods at 
each meal occasion or eat the same foods for consecutive 
days)  

 

m) Skip entire days without eating?  

 

Page 6 

Food purchasing habits – sourcing of food  

10. Prior to the Covid-19 social isolation and movement restrictions which of following 
best describe where you purchased foods from? (Tick all that apply) 

   Never, 
less 
than 
once 

a 
month 

2-3 
times 
per 

month 

Once 
a 

week 

2-4 
times 
per 

week 

5-6 
times 
per 

week 

Once 
a day 

Prefer 
not to 
say 
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1 Shop at one of the UK “Big 
Four supermarkets” (Tesco, 
Sainsbury’s, Morrisons, 
Asda)  

              

a In person               

b Home delivery                

c Click and collect               

2 Other Supermarket (Aldi, 
Lidl, Iceland, Netto)  

              

3 Other Supermarket 
(Waitrose, Marks and 
Spencer)   

              

4 Smaller shops (e.g., Co-op, 
Tesco express, Sainsbury 
local)  

              

5 Corner shops (e.g., Happy 
Shopper, 7-11, Spar)  

              

6 Markets                

7 Local independents (e.g., 
butchers, bakers, green 
grocers)  

              

8 Subscription delivery fruit 
and vegetables (e.g., Able & 
Cole, Riverford Organic, 
Wonky veg boxes)  

              

9 Subscription Delivery meal 
boxes (e.g., Hello fresh, 
Mindful Chef, Gousto)  

              

10 Foodbank and other charity 
organisations  

             

 

 

 

 

 

11. Since the Covid-19 social isolation and movement restrictions, which of following best 
describes where you now purchase foods from? (Tick all that apply) 

   Never, 
less 
than 
once 

a 
month 

2-3 
times 
per 

month 

Once 
a 

week 

2-4 
times 
per 

week 

5-6 
times 
per 

week 

Once 
a day 

Prefer 
not to 
say 

1 Shop at one of the UK “Big 
Four supermarkets” (Tesco, 
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Sainsbury’s, Morrisons, 
Asda)  

a In person               

b Home delivery                

c Click and collect               

2 Other Supermarket (Aldi, 
Lidl, Iceland, Netto)  

              

3 Other Supermarket 
(Waitrose, Marks and 
Spencer)   

              

4 Smaller shops (e.g., Co-op, 
Tesco express, Sainsbury 
local)  

              

5 Corner shops (e.g., Happy 
Shopper, 7-11, Spar)  

              

6 Markets                

7 Local independents (e.g., 
butchers, bakers, green 
grocers)  

              

8 Subscription delivery fruit 
and vegetables (e.g., Able & 
Cole, Riverford Organic, 
Wonky veg boxes)  

              

9 Subscription Delivery meal 
boxes (e.g., Hello fresh, 
Mindful Chef, Gousto)  

              

10 Foodbank and other charity 

organisations  
             

 

 

12. Since Covid-19 movement restriction, which of the following best describes how you are 
purchasing food? 

❑ I am able to shop in person 
❑ I am purchasing food online for home delivery  
❑ Partner/spouse/adult child who lives with me is going food shopping in person  
❑ I am reliant on family or friends who do not live with me to purchase food 
❑ I am in receipt of food parcels delivered to those who were identified as critically 

vulnerable  
 

13. Prior to the Covid-19 social isolation and movement restrictions, how often did you eat out or 
consume take-away? 

❑ Never less than once a week 
❑ Once a week 
❑ 2-4 times per week 
❑ 5-6 times per week 
❑ Once a day 
❑ 2-3 times per day  
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Diet  

The following questions will ask you about your typical diet.  This data will help us to understand 

how your diet may have changed during the recent period of Covid-19 social isolation and 

movement restrictions.  

 

14. Do you usually eat meat (including bacon, ham, poultry, game, meat pies, and 

sausages)?’ 

❑ Yes 

❑ No 

 

15. Do you usually eat fish?’ (Including shellfish) 

❑ Yes 

❑ No 

 

16. Do you usually eat dairy products (including milk, cheese, butter, yoghurt)? 

❑ Yes 

❑ No 

 

17. Do you usually eat eggs (including eggs in cakes and other baked foods)? 

❑ Yes 

❑ No 

 

18. Consider your diet over the last 7 days.  Do you think that you have eaten.....  
❑ Less than your usual diet 
❑ About the same as your usual diet 
❑ More than your usual diet 
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19. Consider your diet over the last 7 days.  Do you think that your diet has been.... 
❑ Less healthy than your usual diet 
❑ About the same as your usual diet 
❑ More healthy than your usual diet 

 

20. Consider your diet over the last 7 days.  Compared to your diet before the Covid-19 
related social isolation and movement restrictions, do you think your diet has 
changed? 

❑ I think that my diet has changed a little   
❑ I think that my diet is the same as usual 
❑ I think that my diet has changed a lot  

 

21.  Has your consumption of the following foods changed since the covid-19 social 
isolation and movement restrictions were introduced?  

 

 Increas
ed 

No 
change 

Decreas
ed 

I do not 
know 

I prefer 
not to say 

Not 
applicabl
e 

Fruits       

Vegetables       

Pulses 
(beans, lentils, 
chickpeas) 

      

Fish       

Meat       

Sugary drinks       

Alcohol       

Pastries, 
cakes, 
chocolates 

      

Pre-prepared 
bought meals 

      

Home-cooked 
meals 

      

Snacks       

Dietary 
supplements 

      

 

22. Are you currently taking any supplements? This includes over the counter and 
prescribed supplements (e.g., multivitamins, iron, fish oil etc)  

❑ Yes 
❑ No  
❑ Prefer not to say 
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If yes, please can you describe any supplementation you are taking, TABLE OF OPTIONS 

WITH RADIO BUTTONS 

❑ Combined multivitamins and minerals  
❑ Combined multivitamins and minerals with iodine/iodide 
❑ Vitamin B complex  
❑ Folic acid 
❑ Vitamin B12 
❑ Vitamin C 
❑ Vitamin D 
❑ Vitamin E 
❑ Iron tablets prescribe for the treatment of iron deficiency/Anaemia.  
❑ Cod liver oil / fish oil  
❑ Prefer not to say 
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Household 

The following questions will ask you about your households 

23. Are you currently 
❑ Living with parents/guardians 
❑ Renting (council tenant) 
❑ Renting (private landlord) 
❑ Renting (university accommodation) 
❑ Home owner (paying mortgage) 
❑ Home owner (no mortgage) 
❑ Away from home in quarantine? 
❑ Prefer not to say 
❑ Other 

 

24. How many adults are currently in the household (including yourself) 
❑ 19-64 years 
❑ 65 years and over 
❑ Prefer not to say 

 

25. How many children are currently living with you in the household? 
❑ 0 – 17 months 
❑ 1.5 – 3 years 
❑ 4-10 years 
❑ 11-18 years  
❑ Prefer not to say 
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26. Has the number of people in your household changed since the Covid-19 movement 
restrictions and self-isolation requirements were introduced? 

❑ Yes  
❑ No 
❑ Prefer not to say 

 

If yes, please state how many adults (including yourself) and children are usually in your 

household (pre covid-19)? 

      XX Adults and  XX Children (X=drop down box) 

27. What is your usual total household income (prior to covid-19)?  
❑ Prefer not to say 
❑ Less than £5,000 a year (£96 a week) 
❑ £5,000- £9,999 a year (£96-£191 a week) 
❑ £10,000-£14,999 a year (£192 - £287 a week) 
❑ £15,000-£19,999 a year (£288 - £384 a week) 
❑ £20,000-£24,999 a year (£385 - £480 a week 
❑ £25,000-£29,999 a year (£481 - £576 a week) 
❑ £30,000-£34,999 a year (£577 - £673 a week) 
❑ £35,000-£39,999 a year (£674 - £769 a week) 
❑ £40,000-£44,999 a year (£770 - £865 a week) 
❑ £45,000-£49,999 a year (£866 - £961 a week) 
❑ £50,000-£74,999 a year (£962 - £1442 a week) 
❑ £75,000-£99,999 a year (£1443 - £1922 a week) 
❑ More than £100,000 a year (£1923 a week) 

 

28.  What is your usual monthly expenditure on food (excluding toiletries, household 
items and alcohol) prior to Covid-19 

❑ Prefer not to say 
❑ Less than £200 a month (£46 a week) 
❑ £200-£300 a month (£47-£69 a week) 
❑ £300-£400 a month (£70-£90 a week) 
❑ £400-£500 a month (£91-£115 a week) 
❑ £500-£600 a month (£116-£138 a week) 
❑ £600-£700 a month (£139-£161 a week) 
❑ More than £700 a month (£162 a week) 

29. What is your current total household income (since Covid-19 self-isolation and 
movement restrictions have been introduced)?  

❑ Prefer not to say 
❑ Less than £5,000 a year (£96 a week) 
❑ £5,000- £9,999 a year (£96-£191 a week) 
❑ £10,000-£14,999 a year (£192 - £287 a week) 
❑ £15,000-£19,999 a year (£288 - £384 a week) 
❑ £20,000-£24,999 a year (£385 - £480 a week 
❑ £25,000-£29,999 a year (£481 - £576 a week) 
❑ £30,000-£34,999 a year (£577 - £673 a week) 
❑ £35,000-£39,999 a year (£674 - £769 a week) 
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❑ £40,000-£44,999 a year (£770 - £865 a week) 
❑ £45,000-£49,999 a year (£866 - £961 a week) 
❑ £50,000-£74,999 a year (£962 - £1442 a week) 
❑ £75,000-£99,999 a year (£1443 - £1922 a week) 
❑ More than £100,000 a year (£1923 a week) 

 

30. What is your current monthly expenditure on food (excluding toiletries, household 
items and alcohol) (since Covid-19 self-isolation and movement restrictions have 
been introduced ) 
 

❑ Prefer not to say 
❑ Less than £200 a month (£46 a week) 
❑ £200-£300 a month (£47-£69 a week) 
❑ £300-£400 a month (£70-£90 a week) 
❑ £400-£500 a month (£91-£115 a week) 
❑ £500-£600 a month (£116-£138 a week) 
❑ £600-£700 a month (£139-£161 a week) 
❑ More than £700 a month (£162 a week) 
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Work 

The following questions will ask you about your employment status 

31. What was your employment status prior to the Covid-19 pandemic? Tick all that apply 
❑ At university or college 
❑ Self Employed 
❑ In part time employment 
❑ In full-time employment 
❑ Unable to work due to disability  
❑ Unable to work due to sickness 
❑ Homemaker/full-time parent 
❑ Unemployed and seeking work 
❑ Retired 
❑ Prefer not to say 

 

32. What is your current employment status? Tick all that apply 
❑ At university or college 
❑ Self Employed 
❑ In part-time employment 
❑ In full-time employment 
❑ Unable to work due to disability  
❑ Unable to work due to sickness 
❑ Homemaker / full-time parent 
❑ Unemployed and seeking work 
❑ Furloughed worker 
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❑ Retired 
❑ Prefer not to say 

 

33. What is your usual employment type? 
 

❑ A large organisation, with higher managerial or professional capacity 
(e.g., lawyers, Architects, Medical doctors, Chief executives, Economist) 
 

❑ Lower managerial, administrative & professional occupations (e.g., Social 
workers, Nurses, Journalists, Teachers) 

 

 

❑ Intermediate occupations (e.g., Armed forces up to sergeant, Paramedics, 
Nursery Nurses, Police up to sergeant, Bank staff) 
 

❑ Small employers and own account workers (e.g., Farmers, Shopkeepers, 
Taxi drivers, Driving instructors, Window cleaners) 

 

❑ Lower supervisory and technical occupations (e.g., Mechanics, Chefs, 
Train drivers, Plumbers, Electricians) 

 

❑ Semi-routine occupations (e.g., Traffic wardens, Receptionists, Supermarket 
workers, Care workers, Telephone Salespersons) 

 

❑ Routine occupations (e.g., Bar staff, cleaners, labourers, Bus drivers, Lorry 
drivers) 

 

❑ Never worked and long term unemployed 
 

❑ Full time student 
❑ Prefer not to say  

 

34. Are you a key worker currently working in one of the sectors identified as critical to 
the Covid-19 response?  

❑ Health and social care (e.g., doctors, nurses, midwives, social care staff) 
❑ Education and childcare (e.g., teachers, support worker, specialist education 

professional) 
❑ Key public services worker (e.g., justice staff, religious staff) 
❑ Local or national government (e.g., staff essential for delivering Covid-19 

response or delivering essential public services) 
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❑ Food and other necessary goods (e.g., workers involved in food production, 
distribution, sale and delivery or workers supplying other key goods such as 
medicines or protective equipment) 

❑ Public safety or national security (e.g., police and support staff, fire and 
rescue service)  

❑ Transport (e.g., people who are responsible for keeping rail, road, air and sea 
networks operating during Covid-19)  

❑ Utility, communication and financial services (e.g., bank and building society 
staff, energy, water, gas or sewerage workers or those employed in the postal 
service) 

❑ None of above 
 

35. Do you or any member of your household receive or access food assistance 
programmes from any of the following (please tick all that apply) 

❑ Healthy Start Vouchers 
❑ Free school meals 

❑ If yes, are you receiving the £15 voucher or gift card for your child/ren 
❑ Local food bank  
 

❑ Food parcel from the government (Delivered to persons identified as clinically 
vulnerable)  

❑ Prefer not to say. 
❑ Other 

 

Final Page 

Thank you. 

We would like to thank you for taking time to complete this survey.  Your participation is greatly 

appreciated and the data you have shared will help us to understand the impact of the Covid-19 related 

social isolation and movement restriction on food availability in the UK population.   

We would now like to invite you to take part in a 4 consecutive day online food diary (using the online 

Libro mobile app) to help us assess the impact of these social restrictions on dietary intake.   

 

If you would like to complete a food diary, receive updates about the results of this study or be contacted 

in the future for potential follow up, please provide your email address in the text box below. (optional).  

If you do not wish to provide your email address, please leave this text box blank.  This email address 

will not be shared with any third parties. 
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ADD TEXT BOX HERE 

36. I agree that researchers may use this email address to (please tick all that apply) 
❑ Send further information to enable a 4-day food diary to be provided using the online Libro 

mobile app   
❑ Send updates about the study findings and results 
❑ Contact me in the future about further data collection once the social isolation and movement 

restrictions are lifted 
❑ No, I do not agree.  I do not want to be contacted further by the research team. 
 

If no, automatically go to final screen to exit survey.   

If you have agreed to take part in the food diary, one of our researchers will contact you directly using 

the email address you have provided above.  You will be provided with a link to download the free Libro 

dietary assessment app and some instructions to help you complete your food diary.  However, before 

we can complete your Libro profile we need to ask you two more questions. 

 

37. Which of the following best describes your current physical 
activity level? 

❑ None: Little or no regular exercise 
❑ Light: e.g., walking, etc for 1-3 days per week 
❑ Moderate: e.g., brisk walking or riding a bike 3 or more days per week 
❑ Very active: e.g., exercising at a vigorous intensity 6 or more days per week   
❑ Ultra-active: Training twice daily 

 

38. Has your physical activity level increased or decreased since the Covid-19 movement 
restrictions were implemented 

❑ Increased 
❑ Decreased  
❑ No change 
❑ Prefer not to say
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7.6 APPENDIX F: Report written for Chef’s in Schools (PIPs placement.)  
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7.7 APPENDIX G: Report written for Henley Grub Hub  



APPENDIX G 

322 
 

 
   



APPENDIX G 

323 
 

  
 

 

 
 

 

 

 

 
 

 

 



APPENDIX G 

324 
 

 
 
 
 
 



APPENDIX G 

325 
 

 
 
 
 
 
 
 
 
 
 



APPENDIX G 

326 
 

 
 
 
 
 
 
 
 
 
 



APPENDIX G 

327 
 

 
 
 
 
 
 
 
 
 
 



APPENDIX G 

328 
 

 
 
 
 
 
 
 
 
 
 



APPENDIX G 

329 
 

 
 
 
 
 
 
 
 
 
 



APPENDIX G 

330 
 

 
 
 
 
 
 
 
 
 
 



APPENDIX G 

331 
 

 
 
 
 
 
 
 
 
 
 



APPENDIX G 

332 
 

 
 
 
 
 
 
 
 
 
 



APPENDIX G 

333 
 

 
 
 
 
 
 
 
 
 
 



APPENDIX G 

334 
 

 
 
 
 
 
 
 
 
 
 



APPENDIX G 

335 
 

 
 
 
 
 
 
 
 
 
 



APPENDIX G 

336 
 

 
 
 
 
 
 
 
 
 
 



APPENDIX G 

337 
 

 
 
 
 
 
 
 
 
 
 



APPENDIX G 

338 
 

 
 
 
 
 
 
 
 
 
 



APPENDIX G 

339 
 

 
 
 
 
 
 
 
 
 
 



APPENDIX G 

340 
 

 
 
 
 
 
 
 
 
 
 


