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Thesis abstract 

Background Dietary fat plays an important role in the growth and development of 

school-aged children. In many adult populations, imbalances in dietary fat, in particular 

saturated fatty acids (SFA), have been associated with a number of chronic diseases 

such as cardiovascular disease (CVD). However, evidence suggests that early 

manifestation of such diseases can begin in childhood, and furthermore, children’s 

dietary habits can progress into adulthood. Therefore, early dietary intervention is 

essential to prevent the onset of these diseases. 

Objective To examine the current dietary fat intakes in a national sample of Irish 

children and to identify the key dietary sources and determinants. Associations 

between SFA and polyunsaturated fatty acid (PUFA) intakes and overall diet quality 

will also be investigated. In addition, modelling techniques will be explored to improve 

inadequate intakes of the same and compliance with national recommendations. 

Methods All analyses was conducted using the cross-sectional National Children’s 

Food Survey II (NCFS II), which collected data on habitual food and beverage 

consumption in a representative sample of 600 Irish children (300 boys; 300 girls) aged 

5 – 12 years.  

Results Dietary fat intakes in Irish children have improved since 2005. High 

compliance with national recommendations for total fat, monounsaturated fatty acids 

(MUFA) and trans fat intakes (100 %) were observed. However, compliance remains 

poor for SFA, PUFA, eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). 

High SFA consumers had significantly higher energy % contributions from dairy foods, 

whereas high PUFA consumers had significantly higher % energy contribution from 

‘meat products’, ‘potato products’ and ‘eggs and egg dishes’ when compared to low 

consumers. Lower SFA intakes were associated with higher quality diets but still 

exceeded the recommended threshold of less than 10 %, irrespective of diet quality. 

In addition, participants with a higher quality score failed to attain the recommended 

PUFA intakes (≥ 6 %). A food-exchange model focused on dairy and meat substitutions 

and successfully improved adherence to SFA and PUFA recommendations by 263 and 

26 %, respectively. While compliance with PUFA intakes achieved 100 %, SFA 

compliance remained inadequate (63 %). 

Conclusion The results from this thesis show that despite improvements to the dietary 

fat profile in Irish children, deviations from the recommendations remain, in particular 
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for SFA and total PUFA intakes. Although dairy foods were identified as a key 

contributor of SFA intakes, caution is needed when implementing strategies to improve 

intakes, ensuring additional nutrients are not compromised. Modest food exchanges 

can contribute to SFA and PUFA intakes without changing children’s habitual diets. 

These findings support future developments and strategies to improve the dietary fat 

profile in Irish children. 



v 

Acknowledgements 

I would like to express my sincere gratitude to everyone who contributed in the 

preparation of this thesis. I am particularly grateful to: 

Dr Breige McNulty, for giving me the opportunity to pursue this PhD. Thank you for 

your continued guidance, support and inspiration throughout the last 3 years. You were 

a fantastic mentor and without you this would not have been possible. 

Dr Maria Buffini and Dr Laura Kehoe, for all the hard work you both put in over the last 

3 years. Thank you for sharing your expertise and insight with me and the rest of the 

team. We would be lost without you. 

Aisling. We have persevered through our MSc and PhD together, many years working 

side by side. Your dedication is something I have always admired and I am so happy 

to have shared this journey with you as a colleague and as a friend.  

All of the girls in the office, you are an amazing bunch. I loved our chats and our ‘short’ 

coffee breaks! Thank you for all of the support, understanding and encouragement to 

persevere.  

Mam and Dad, thank you for putting up with me the last 32 years, never mind the last 

3! You have always supported me in my endeavours, even though I took the ‘scenic 

route’. Thank you for the endless support and encouragement you gave me.  

Emma, you are the most dedicated and hard working person I know and if it were not 

for you, I may not have chosen this path. Thank you for inspiring me and for proof 

reading so many drafts! 

An unconventional thank you to my beautiful and wonderful dog, Murphy. You have 

given me unconditional love and companionship your whole life but you were the 

ultimate comfort during the last 3 years, always there to listen and calm me down 

during stressful times. 

Last but certainly not least, Brendan. I would not have made it this far if it were not for 

your continued support, encouragement and endless patience. You were always there 

for me, especially during the most turbulent times of my PhD. I could always count on 

you to make me laugh. But most of all, you believed in me when I didn’t believe in 

myself. Thank you x 

 



vi 

 

 

 

 

 

 

 

 

For Brendan



vii 

Table of Contents 
Declaration .................................................................................................................. i 

Personal contribution to this thesis ............................................................................. ii 

Thesis abstract ........................................................................................................... iii 

Acknowledgements .................................................................................................... v 

List of Tables ............................................................................................................. xi 

List of Figures ........................................................................................................... xiv 

Abbreviations and Acronyms .................................................................................... xv 

Publications ............................................................................................................ xviii 

Chapter 1 Literature Review ............................................................................... 19 

1.1 Introduction ......................................................................................................... 20 

1.2 The role of fat in the diet ..................................................................................... 20 

1.2.1 Types of fatty acids ...................................................................................... 20 

1.2.2 Absorption and metabolism of fatty acids ..................................................... 23 

1.3 Dietary fat intake and health ............................................................................... 24 

1.3.1 Cardiovascular disease ................................................................................ 25 

1.3.2 Obesity ......................................................................................................... 27 

1.3.3 Diabetes mellitus .......................................................................................... 28 

1.3.4 Metabolic syndrome ..................................................................................... 29 

1.3.5 Cancer ......................................................................................................... 30 

1.4 Dietary fat intakes and recommendations .......................................................... 32 

1.4.1 Dietary fat guidelines .................................................................................... 33 

1.4.2 Fatty acid intakes in children and compliance with recommendations ......... 35 

1.4.3 Contributors of dietary fat in children ............................................................ 37 

1.5 Food and dietary considerations ........................................................................ 39 

1.5.1 Food matrix .................................................................................................. 39 

1.5.2 Dietary patterns ............................................................................................ 41 

1.5.3 Food-based dietary guidelines (FBDG) ........................................................ 42 

1.5.3.1 Comparison of National and International food-based dietary guidelines

 ........................................................................................................................... 45 

1.6 Dietary Strategies ............................................................................................... 46 

1.6.1 Strategies for improving diet quality ............................................................. 46 

1.6.1.1 Comparison of national and international strategies for improving diet 

quality ................................................................................................................ 47 

1.6.1.2 Considerations for strategies improving diet quality ............................... 49 

1.7 Conclusion .......................................................................................................... 50 

1.8 Aims and objectives of this thesis ....................................................................... 51 



viii 

1.9 References ......................................................................................................... 52 

Chapter 2 Research Methodology and the Key Findings from the National 

Children’s Food Survey II of Irish Children .......................................................... 71 

2.1 Introduction ......................................................................................................... 72 

2.2 Methods .............................................................................................................. 73 

2.2.1 Sampling frame and respondent recruitment ............................................... 73 

2.2.2 Fieldwork visits and data collection .............................................................. 74 

2.2.2.1 Food quantification ................................................................................. 75 

2.2.2.2 Bio-fluid collection .................................................................................. 76 

2.2.2.3 Anthropometric data collection ............................................................... 76 

2.2.2.4 Questionnaires ....................................................................................... 77 

2.2.3 Data processing, entry and analysis ............................................................ 78 

2.2.3.1 Processing of food packaging ................................................................ 78 

2.2.3.2 Diary data processing ............................................................................ 78 

2.2.3.3. Bio fluid processing ............................................................................... 79 

2.2.3.4 Questionnaire data entry ........................................................................ 79 

2.2.3.5 Anthropometric data processing ............................................................ 79 

2.2.3.6 Physical activity calculation .................................................................... 80 

2.2.4 Quality control .............................................................................................. 81 

2.2.5 Statistical analysis ........................................................................................ 81 

2.3 Results ............................................................................................................... 82 

2.3.1 Study population .......................................................................................... 82 

2.3.2 Macronutrient and micronutrient intakes ...................................................... 82 

2.3.3 Food group intakes ...................................................................................... 83 

2.3.4 Anthropometry .............................................................................................. 83 

2.3.5 Physical activity ............................................................................................ 84 

2.4 Discussion .......................................................................................................... 84 

2.5 References ......................................................................................................... 94 

Chapter 3 Dietary fat intakes and compliance with recommendations in Irish 

children – changes between 2005 and 2019 ........................................................ 97 

Abstract .................................................................................................................... 98 

3.1 Introduction ......................................................................................................... 99 

3.2 Methods ............................................................................................................ 100 

3.2.1 Study design and populations .................................................................... 100 

3.2.2 Data collection ............................................................................................ 101 

3.2.3 Estimation of fatty acid composition ........................................................... 102 

3.2.4 Calculating fatty acid intakes in Irish children ............................................. 102 



ix 

3.2.5 Statistical analysis ...................................................................................... 102 

3.3 Results ............................................................................................................. 103 

3.3.1 Intakes of dietary fat ................................................................................... 103 

3.3.2 Percentage contribution of food groups to dietary fat ................................. 104 

3.3.3 The percentage of Irish children adhering to dietary fat recommendations 104 

3.4 Discussion ........................................................................................................ 105 

3.5 References ....................................................................................................... 115 

Chapter 4 Dietary determinants of saturated and polyunsaturated fat intake in 

Irish children ......................................................................................................... 120 

Abstract .................................................................................................................. 121 

4.1 Introduction ....................................................................................................... 122 

4.2 Methods ............................................................................................................ 123 

4.2.1 Study design and populations .................................................................... 123 

4.2.2 Dietary data collection ................................................................................ 124 

4.2.3 Statistical analysis ...................................................................................... 124 

4.3 Results ............................................................................................................. 125 

4.3.1 The relationship between food groups and dietary fat intakes ................... 125 

4.3.2 Demographic and anthropometric factors across dietary fat tertiles ........... 125 

4.3.3 Percentage contribution of SFA and PUFA to food groups ........................ 126 

4.3.4 Macro- and micronutrient intakes ............................................................... 126 

4.3.5 Adequacy of nutrients ................................................................................ 127 

4.4 Discussion ........................................................................................................ 127 

4.5 References ....................................................................................................... 142 

Chapter 5 Associations between intakes of saturated and polyunsaturated 

fatty acids and overall diet quality in Irish children .......................................... 148 

Abstract .................................................................................................................. 149 

5.1 Introduction ....................................................................................................... 150 

5.2 Methods ............................................................................................................ 151 

5.2.1 Study design and populations .................................................................... 151 

5.2.2 Dietary data collection and analysis ........................................................... 151 

5.2.3 Diet quality indices ..................................................................................... 152 

5.2.4 Statistical analyses ..................................................................................... 153 

5.3 Results ............................................................................................................. 153 

5.3.1 Demographic and anthropometric characteristics ...................................... 153 

5.3.2 Nutrient intakes .......................................................................................... 154 

5.3.3 Food groups ............................................................................................... 154 

5.4 Discussion ........................................................................................................ 155 



x 

5.5 References ....................................................................................................... 166 

Chapter 6 Dietary strategies for achieving the recommended intakes for 

saturated and polyunsaturated fat in Irish children .......................................... 171 

Abstract .................................................................................................................. 172 

6.1 Introduction ....................................................................................................... 173 

6.2 Methods ............................................................................................................ 174 

6.2.1 Study design and populations .................................................................... 174 

6.2.2 Dietary data collection and analysis ........................................................... 174 

6.2.3 Dietary Modifications .................................................................................. 175 

6.2.4 Statistical analyses ..................................................................................... 176 

6.3 Results ............................................................................................................. 176 

6.3.1 Intakes of energy and dietary fat ................................................................ 176 

6.3.2 Percentage contribution of food groups to dietary fat ................................. 177 

6.3.3 The percentage of Irish children adhering to dietary fat recommendations 178 

6.4 Discussion ........................................................................................................ 178 

6.5 References ....................................................................................................... 193 

Chapter 7 General discussion .......................................................................... 198 

7.1 Discussion ........................................................................................................ 199 

7.1.1 Strengths and limitations ............................................................................ 202 

7.1.2 Future work ................................................................................................ 204 

7.2 References ....................................................................................................... 206 

Appendix i............................................................................................................... 210 

Appendix ii .............................................................................................................. 213 

Appendix iii ............................................................................................................. 217 

 



xi 
 

List of Tables 

Table 1.1  Dietary recommendations for the intakes of total fat and fatty acids 

intakes for children as set by different countries/organisations 

Table 1.2  Scientific process in the development of food-based dietary guidelines 

Table 2.1  Demographic and lifestyle characteristics of the total population by 

gender 

Table 2.2  Daily energy and macronutrient intakes from all sources† for Irish children 

aged 5 – 12 years 

Table 2.3  Daily micronutrient intakes from all sources† for Irish children aged 5 – 

12 years 

Table 2.4  Mean daily intakes of food groups for consumers only and the total 

population and their contribution to mean daily energy and macronutrient 

intakes in 600 Irish children aged 5 – 12 years 

Table 2.5  Mean anthropometric measurements for boys and girls aged 5 – 12 years 

Table 2.6  Comparison of mean anthropometric measurements between age 

groups 

Table 2.7  The prevalence (%) of overweight and obesity in Irish children aged 5 - 

12 years as defined using IOTF cut-offs* in the NCFS II 

Table 2.8  Median time spent participating in physical activity and sedentary 

behaviours and metabolic equivalents (METs) for total and physical 

activity in Irish children aged 5 - 12 years 

Table 3.1  Intakes of total fat intake (g/d and % TE) and its constituent fatty acids in 

Irish children in 2019 

Table 3.2  Comparison of total fat intake (g/d and %TE) and its constituent fatty 

acids in Irish children in 2005 and 2019 by gender 

Table 3.3 Percentage contribution of food groups to total fat, SFA, MUFA and 

PUFA in Irish children in 2005 and 2019 



xii 
 

Table 3.4  Percentage contribution of food groups to ALA, EPA, DHA and Trans in 

Irish children in 2005 and 2019 

Table 4.1  Linear regression relationship between food groups and SFA and PUFA 

intakes (% TE) in Irish children 

Table 4.2  Demographic and anthropometric factors across tertiles of % TE from 

SFA and PUFA in Irish children 

Table 4.3  Percentage contribution of food groups to SFA and PUFA intakes (% TE) 

across tertiles in Irish children 

Table 4.4  Mean daily intakes of macronutrients and micronutrients across tertiles 

of SFA and PUFA (% TE) in Irish children 

Table 4.5  Percentage of children meeting micronutrient dietary reference values 

across the tertiles of SFA and PUFA (%TE) 

Table 5.1  Demographic and anthropometric factors across quartiles of the HDI and 

DQI diet quality scores in Irish children aged 5 – 12 years 

Table 5.2  Mean daily intakes of energy and macronutrients across quartiles of the 

HDI and DQI in Irish children 

Table 5.3  Mean daily intakes of micronutrients across quartiles of the HDI and DQI 

in Irish children 

Table 5.4  Percentage energy of food groups across quartiles of HDI and DQI 

scores in Irish children 

Table 6.1  Exchangeable foods for SFA and PUFA replacement model for use in 

Irish children aged 5 – 12 years 

Table 6.2  Comparison of energy, total fat (g/day and %TE) and its constituent fatty 

acids in Irish children between baseline and food-exchange modelled 

intakes by gender 

Table 6.3  Comparison of energy, total fat (g/day and %TE) and its constituent fatty 

acids in Irish children between baseline and food-exchange modelled 

intakes by age group 

Table 6.4  Comparison of micronutrient intake in Irish children between baseline 

and food-exchange model for the total population 



xiii 
 

Table 6.5  Comparisons of the percentage contribution of food groups to total fat, 

SFA, MUFA and PUFA in Irish children between baseline and food 

exchange model 

Table 6.6  Comparisons of the percentage contribution of food groups to total fat, 

ALA, EPA, DHA and Trans in Irish children between baseline and food 

exchange model 

 

Appendix i 

Table 1.  Description of the food items included in each of the 26 food groups 

Table 2.  Comparison of total fat intake (g/day and %TE) and its constituent fatty 

acids in Irish children in 2005 and 2019 by age group 

 

Appendix ii 

Table 1.  Mean daily intake of food groups across tertiles of % total energy from 

SFA and PUFA in Irish children 

Table 2.  Micronutrient Dietary Reference Values for Children by Age Groups 

 

Appendix iii 

Table 1.  The components and scoring systems of the HDI and DQI for Irish 

children aged 5 - 12 years 

Table 2.  Mean daily intakes of food groups across quartiles of HDI scores in Irish 

children 

Table 3.  Mean daily intakes of food groups across quartiles of DQI scores in Irish 

children 

 



xiv 
 

List of Figures 

Figure 1.1  Schematic overview of the major constituents of dietary fatty acids 

Figure 3.1  Percentage of Irish children adhering to current EFSA and UK dietary 

recommendations for total fat and fatty acids between 2005 and 2019 

Figure 4.1  Compliance with population goals for macronutrients across tertiles of 

SFA (%TE) in Irish children 

Figure 4.2  Compliance with population goals for macronutrients across tertiles of 

PUFA (%TE) in Irish children 

Figure 5.1  Percentage difference of macronutrient intake between the lowest and 

highest quartiles of the HDI and DQI diet quality scores 

Figure 6.1  Differences in the % contribution of food groups to SFA intakes between 

baseline and food exchange model 

Figure 6.2  Differences in the % contribution of food groups to PUFA intakes 

between baseline and food exchange model 

Figure 6.3  Percentage of Irish children adhering to current EFSA and UK dietary 

recommendations for total fat and fatty acids between baseline and 

modelled intake data 

 

 

 

 

 



xv 
 

Abbreviations and Acronyms 

% cons  percentage of consumers 

% TE   percentage of total energy 

%   percent 

°C   degrees Celsius 

µg   microgram 

µg/d   micrograms per day 

ABS   Australian Bureau of Statistics 

AFSSA  French Food Safety Agency 

ALA   alpha-linolenic acid 

BMI   body mass index 

BP   blood pressure 

CHO   carbohydrate 

cm   centimetre 

COSI   Childhood Obesity Surveillance Initiative 

CPAQ   Child Physical Activity Questionnaire 

CSO   Central Statistics Office 

CSV   comma-separated values 

CVD   cardiovascular disease 

DAFM   Department of Agriculture, Food and Marine 

DALYs  disability adjusted life years 

DASH   Dietary Approaches to Stop Hypertension 

DEIS   Delivering Equality of Opportunity in Schools 

DFE   dietary folate equivalents 

DHA   docosahexaenoic acid 

DOH   Department of Health 

DQI   Diet Quality Index 

DRV   dietary reference values 

EAR   estimated average requirements 

EFSA   European Food Safety Authority 

EPA   eicosapentaenoic acid 

EPIC   The European Prospective Investigation into Cancer and Nutrition 

FAO   Food and Agriculture Organisation of the United Nations 

FBDG   food based dietary guidelines 



xvi 
 

FIRM   Food Institutional Research Measure 

FSAI   Food Safety Authority of Ireland 

g   grams 

g/d   grams per day 

HDI   Healthy Diet Indicator 

HEI   Healthy Eating Index 

HELENA  the Healthy Lifestyle in Europe by Nutrition in Adolescence study 

IBM   International Business Machines 

IDF   International Diabetes Federation 

IgE   Immunoglobulin E 

IOM   Institute of Medicine 

IOTF   International Obesity Task Force 

IUNA   Irish Universities Nutrition Alliance 

kcal   kilocalories 

kcal/g   kilocalories per gram 

kg   kilogram 

kg/m2   kilogram per metre squared 

kJ   kilojoule 

LDL   low density lipo-protein 

MDS   Mediterranean Diet Score 

MET   metabolic equivalents 

MetS   Metabolic Syndrome  

mg    milligram 

mg/d   milligrams per day 

min   minute 

min/day  minutes per day 

ml   millilitres  

MUFA   monounsaturated fatty acid 

n   number 

n-3   omega 3 

n-6   omega 6 

NCD   noncommunicable diseases 

NCFS II  National Children’s Food Survey II 

NCFS   National Children’s Food Survey 

NCI   National Cancer Institute 



xvii 
 

NSIFCS  North/South Ireland Food Consumption Survey 

PA   physical activity 

PCS   prospective cohort study 

Phe   phenylalanine 

PKU   phenylketonuria 

PUFA   polyunsaturated fatty acid 

RCF   relative centrifugal force 

RCT   randomised control trial 

RTEBC  ready-to-eat breakfast cereals 

SACN   Scientific Advisory Committee of Nutrition 

SAS   Statistical Analysis System 

SD   standard deviation 

SFA   saturated fatty acid 

SOP   standing operating procedure 

SPSS   Statistical Package for Social Sciences 

T2DM   type 2 diabetes mellitus 

TE   total energy 

UCC   University College Cork 

UCD   University College Dublin 

UK   United Kingdom 

USA   United States of America 

USDA   United States Department of Agriculture 

V24.0   version 24.0 

WCRF  World Cancer Research Fund 

WHO   World Health Organisation 

WHR   waist height ratio 

WISP   Weighed Intake Software Program 

YPAQ   Youth Physical Activity Questionnaire 

 



xviii 
 

Publications 

The research described in this thesis contributed towards the compilation of the 

following publications: 

 

Scientific Abstracts  

O'Connor A, Buffini M, Nugent A, Walton J, Flynn A & McNulty B (2018). Dietary 

determinants of saturated fat intake in Irish children (5–12 years). Proceedings of the 

Nutrition Society, 77(OCE3). 

O’Connor A, Buffini M, Nugent AP, Kehoe L, Walton J, Kearney J, Flynn A and McNulty 

BA (2019) Changes in consumption of milk in Irish children (5-12 years): preliminary 

analysis from the National Children’s Food Survey II (accepted for publication).  

 

Scientific papers in preparation 

O’Connor A, Buffini M, Nugent AP, Kehoe L, Walton J, Kearney J, Flynn A and McNulty 

BA (2020) Dietary fat intakes in Irish children – changes between 2005 and 2019 

(submitted for publication). 

O’Connor A, Buffini M, Nugent AP, Kehoe L, Walton J, Kearney J, Flynn A and McNulty 

BA (2020) Dietary determinants of saturated and polyunsaturated fat intake in Irish 

children. 

O’Connor A, Buffini M, Nugent AP, Kehoe L, Walton J, Kearney J, Flynn A and McNulty 

BA (2020) Associations between intakes of saturated and polyunsaturated fatty acids 

and overall diet quality in Irish children. 

O’Connor A, Buffini M, Nugent AP, Kehoe L, Walton J, Kearney J, Flynn A and McNulty 

BA (2020) Dietary strategies for achieving the recommended intakes for saturated and 

polyunsaturated fat in Irish children. 

 

 

 



19 
 

 

 

 

 

Chapter 1  

Literature Review 

  



20 
 

1.1 Introduction 

Dietary fat plays an essential role in the growth and development of school-aged 

children. Not only is it an important energy source, it is responsible for several 

metabolic processes and is required for optimal cognitive function and brain 

development in early years (Uauy and Dangour, 2006; Calder, 2011; Berg et al., 2012). 

However, in many adult populations, imbalances in dietary fat have been associated 

with chronic diseases such as cardiovascular disease (CVD), type 2 diabetes mellitus 

(T2DM) and even some cancers (Schwab et al., 2014). In recent years, evidence has 

emerged to show early manifestation of such diseases can occur in childhood (Hong, 

2010). Furthermore, the development of dietary patterns and behaviours in children 

have been found to continue into adulthood (Mikkilä et al., 2005; Craigie et al., 2011). 

Thus, it is important that children are positively influenced from an early age to ensure 

healthy eating habits continue throughout their lifespan with early intervention being 

key to prevent the onset of diet-related chronic diseases. This literature review 

examines the evidence surrounding dietary fat intakes in children and chronic disease 

risk. It investigates the role of dietary pattern analysis in relation to dietary fat in children 

and examines the development of previous strategies and interventions implemented 

to improve the overall dietary fat profile.  

 

1.2 The role of fat in the diet  

Each fatty acid contains distinct biochemical properties which produce different 

metabolic and physiological effects within the human body. Furthermore, the different 

characteristics of the various fatty acids can result in diverse clinical manifestations 

such as cardiovascular, adiposity and neurological (Forouhi et al., 2018). Therefore, to 

understand the relationship of dietary fat with health and disease, it is essential to 

understand the different fatty acid classifications and metabolic processes within the 

body.  

 

1.2.1 Types of fatty acids 

Fats can be defined as triglycerides, phospholipids or sterols such as cholesterol 

(Lichtenstein et al., 1998). Within food, fat is predominantly in the form of triglycerides, 
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where three fatty acids are esterified to a glycerol molecule (Lichtenstein et al., 1998). 

Dietary fat classification is based on its structure and chain length as well as its level 

of saturation, shape and the process it has undergone with these factors determining 

the function a fat will have in the body, how it is absorbed, digested and the properties 

it will hold (Manore et al., 2009). There are two classes of fatty acids; saturated and 

unsaturated. These groupings will depend on the absence or presence of double or 

triple bonds. Saturated fatty acids (SFA) carry no double bonds, whereas 

monounsaturated fatty acids (MUFA) carry one double bond and polyunsaturated fatty 

acids (PUFA) carry two or more (Chow, 2007). Figure 1.1 provides an overview of the 

classification of dietary fatty acids.  

               Figure 1.1 Schematic overview of the major constituents of dietary fatty acids. 

 

SFA typically comprise of unbranched structures with an even number of carbon 

atoms. They are classified into four groups according to their chain length: short, 

medium, long and very long. They are largely provided by animal fats and dairy 

products but are also found in peanut oil, and in tropical oils such as coconut and palm 

oil (Food and Agriculture Organization of the United Nations [FAO], 2010).  
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Unsaturated fatty acids carry at least one double bond on the fatty acid chain. They 

are subcategorised based on the number of double bonds they possess. MUFA have 

an even number of single-bonded carbon atoms along the fatty acid chain and only 

one double bond with the cis configuration (Chow, 2007). Oleic acid (18:1n-9) is the 

most common type of MUFA, present in considerable quantities in both animal and 

plant sources including oily fish, vegetable oils, seed oils, olive oil and canola oil (FAO, 

2010). PUFA possess two or more double bonds on the fatty acid chain. They can be 

further classified as either omega 6 (n-6) or omega 3 (n-3) PUFA. The two principal 

fatty acids are linoleic acid (LA; 18:2n-6) and alpha-linolenic acid (ALA; 18:3n-3). They 

cannot be synthesised de novo, therefore are known as ‘essential’ fatty acids and must 

be provided by the diet (Gibney et al., 2009). LA acid is found in vegetable oils such 

as corn, sunflower and soybean, and is also present in many animal fats but in lower 

quantities (FAO, 2010). ALA is a major component of linseed and is also found in green 

plant tissues, some vegetable oils and nuts (FAO, 2010). Other PUFA include 

eicosapentaenoic acid (EPA; 20:5n-3) and docosahexaenoic acid (DHA; 22:6n-3). 

Naturally prevalent in marine animals and algae, EPA and DHA are important 

components for cell membranes and are involved in anti-inflammatory processes 

(Roche, 1999; European Food Safety Authority [EFSA], 2010a). In addition, DHA is 

essential for retina and brain development, and is vital during the growth period 

occurring in children and teenagers (Swanson et al., 2012). As specific areas of the 

brain remain underdeveloped after infancy, brain growth and development continues 

throughout the childhood and adolescence period (Brown and Jernigan, 2012).  

The majority of naturally occurring unsaturated fatty acids contain the cis configuration. 

However, small quantities of trans fatty acids are produced naturally in ruminant 

animals through bio-hydrogenation causing isomerisation of cis unsaturated fatty acids 

(Brouwer et al., 2010). Trans fatty acids can also occur in industry due to the 

hydrogenation of vegetable oils. This industrial process modifies the physical 

properties of the fatty acid, shifting the double bonds from their natural position causing 

a cis isomer to convert to a trans isomer (Roche, 1999; Owusu-Apenten, 2004; Chow, 

2007). Unlike other unsaturated fatty acids, trans fatty acids are not synthesised in the 

human body and therefore are not required in the diet. 

 



23 
 

1.2.2 Absorption and metabolism of fatty acids 

The efficient absorption of dietary fat is necessary to ensure it is available to meet its 

required functions. In order to undertake these functions, fat needs to be mechanically 

and chemically broken down and reabsorbed (Gibney et al., 2009). Fatty acid digestion 

takes place in three phases; gastric, duodenal and ilial (Gibney et al., 2009). They are 

then transferred to the gut where they are absorbed into the epithelial cells and 

enterocytes of the ileum, followed by transportation to the mitochondria of the cells 

(Gibney et al., 2009; FAO, 2010; Scientific Advisory Committee on Nutrition [SACN], 

2019). A number of metabolic reactions occur within the mitochondrial matrix triggering 

the oxidation of fatty acids. Fatty acid oxidation generates a major source of adenosine 

triphosphate, an essential molecule for supplying each cell in the body with energy and 

crucial for normal bodily function (Berg et al., 2011).  

The main location for fat storage is in adipose tissue, where it is categorised into five 

different stores; subcutaneous, visceral, intermuscular, bone marrow and breast 

tissue. During exercise or periods of fasting, adipose cells activate the enzyme lipase, 

breaking down triglycerides to monoglycerides and free fatty acids. They are then 

released into the blood stream and used for energy in the body (Berg et al., 2011). 
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1.3 Dietary fat intake and health  

The relationship between dietary fat and its effect on human health has been studied 

extensively over the last number of decades. Many criticisms of dietary fat in relation 

to health status can often misconstrue the fact that fat plays a significant role within the 

human diet (Milner and Allison, 1999). Dietary fat is one of three essential 

macronutrients within our diet and provides a vital supply of energy for the body 

(Calder, 2011). In addition, fat is needed for the protection and insulation of internal 

organs (Calder, 2011). It facilitates the absorption of fat soluble dietary components 

such as vitamins A, D, E and K, required for many essential metabolic processes (Berg 

et al., 2011). Furthermore, dietary fat supplies essential fatty acids which cannot be 

synthesised in the body de novo (Lawrence, 2016). Essential fatty acids are required 

for cell structure maintenance as well as functioning as precursors to signalling 

molecules (Calder, 2011). However, imbalances in dietary fat can significantly impact 

health throughout the life span.  

For infants and young children, lipids are the predominant dietary energy source, 

essential for early growth. In human milk, lipids are supplied in large amounts, 

providing 40 – 55 % of energy. Dietary fat is a crucial component for the rapid growth 

rate that occurs during early childhood and it is essential for their neurological 

development and brain function (Koletzko et al., 1998). However, in adult populations, 

imbalances in dietary fat have been associated with adverse health effects and 

increased chronic disease risk. As the individual subtypes of dietary fat have differing 

effects within the body, an imbalance in the ratio between these subtypes can 

significantly affect disease risk factors such as blood pressure and serum lipid profile, 

as well as increased adiposity and insulin sensitivity (Riccardi et al., 2004; Aro and 

Becker, 2010; Raatz et al., 2017). Furthermore, although limited, some research is now 

showing that imbalances in dietary fat at early stages in life may also have a negative 

effect on long term health. The relationship between fat and some major diet-related 

chronic diseases will be discussed in the next section.  
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1.3.1 Cardiovascular disease 

CVD encompasses a number of interrelated diseases involving the heart and blood 

vessels such as coronary heart disease, myocardial infarction, stroke and peripheral 

vascular disease (Gandy, 2014).  

It is estimated that CVD is responsible for 17.9 million deaths worldwide (World Health 

Organisation [WHO], 2017). This figure represents 31 % of all global deaths (WHO, 

2017) making it the leading cause of death in the world (Briggs et al., 2017). 

Nevertheless, the European Heart Network (2017) confirmed a slow decline in CVD 

mortality rates across Europe but warned that CVD remains the primary cause of 

mortality, accounting for 45 % of all European deaths (Wilkins et al., 2017). Likewise 

in the United States (US), the prevalence rate of CVD stands at an estimated 37 %, 

with projections set to reach 45 % by 2035 (Benjamin et al., 2018). Not only is the CVD 

burden the principle cause of global mortality, but it is also a major contributor to the 

loss of disability adjusted life years (DALYs), a term used to describe the years of life 

lost as well as healthy life lost due to debilitating conditions (Murray et al., 2012). It was 

reported that CVD was responsible for 14 % of all global DALYs lost in 2012, with 

ischemic heart disease and stroke reported as the top contributors within the CVD 

spectrum (McAloon et al., 2016).  

The incidence of CVD is strongly associated with modifiable risk factors such as 

hypertension, dyslipidaemia, smoking and physical inactivity, which are largely due to 

environmental influences such as dietary management and lifestyle behaviours 

(Gandy, 2014; WHO, 2016). Although CVD predominantly manifests in adulthood, the 

asymptomatic phase of its development can begin as early as childhood (Hong, 2010). 

Early studies by McGill Jr et al. (1997) and Berenson et al. (1998) examined the 

presence of fatty streak lesions in children and adolescents, detecting advanced levels 

of atherosclerosis, another common risk factor for CVD. They discovered these lesions 

increased significantly in those presenting elevated levels of body mass index (BMI), 

systolic blood pressure (BP), serum triglyceride and low-density lipoprotein (LDL) 

cholesterol concentrations, thus, indicating that children can be predisposed to CVD 

risk without presenting any obvious manifestations in early years. 

Elevated BP, or hypertension, is one of the strongest global risk factors for CVD and 

its prevalence is becoming increasingly common among children (Kjeldsen, 2018). 

Across America and Europe, the majority of children exceed the dietary 
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recommendations for sodium intake (Yang et al., 2012; Appel et al., 2015; European 

Commission, 2012), a prominent risk factor for hypertension. In addition, reports of 

primary hypertension which is generally considered an adult disease, are beginning to 

emerge in younger populations largely due to the rise in obesity levels (Falkner et al., 

2006; Flynn and Falkner, 2011). Analysing the effects of adiposity on BP in children, 

Tu et al. (2011) found BP intensified 4-fold in those categorised as overweight and 

obese. Moreover, Setayeshgar et al. (2016) observed associations between total 

dietary fat intake and unfavourable prospective changes in BP, among other 

cardiometabolic risk factors such as waist circumference and insulin sensitivity in 

Canadian children and adolescents. Thus, they proposed that a reduction in total 

dietary fat may contribute to the prevention of excess body weight and hypertension in 

youth, subsequently reducing the risk of early CVD development. 

Unlike comorbidities such as obesity, whereby high intakes of overall fat contribute to 

imbalances in energy input versus energy output, several studies emphasise the 

importance of quality over quantity in terms of the subtypes of dietary fat and their 

effects on CVD (Schwab et al., 2014). There is considerable evidence that trans fat 

increases the risk of CVD, so much so that there has been a vast promotion of the 

removal of trans fat from the diet across the world (FAO, 2010). In addition, elevated 

intakes of SFA are known to increase total and LDL cholesterol levels and are 

considered a primary risk factor in CVD development (Mensink, 2016; Te Morenga and 

Montez, 2017). Several studies have evaluated the effects of SFA substitution with 

unsaturated fats and other macronutrients such as carbohydrates. These include a 

number of systematic and meta-analyses, randomised controlled trials (RCT) and 

prospective cohort studies (PCS) (Van Horn et al., 2008; Ramsden et al., 2013; 

Schwab et al., 2014; Hooper et al., 2015; Ramsden et al., 2016). While many of these 

studies showed insufficient or limited results for SFA substitution with MUFA, CHO and 

protein, positive associations between SFA reduction and CVD risk have been 

reported in adults, particularly when substituted by PUFA (Hooper et al., 2015; Li et al., 

2015). Comparable effects have also been demonstrated in children. For example, 

Denke et al. (2000) examined the effects of a low SFA diet supplemented with a PUFA 

based margarine spread in US children, observing a collective response and a 

reduction in LDL cholesterol levels over a five week period. This suggests that SFA 

replacement with PUFA through modest changes to children’s diets could be a useful 

strategy for CVD risk reduction in the future.  
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1.3.2 Obesity 

The WHO classifies overweight and obesity as abnormal or excessive body fat 

endangering health (WHO, 2019). Defined in terms of BMI, individuals with a BMI 

above 25 kg/m2 are classified as overweight, whereas those above 30 kg/m2 are 

classified as obese. Individuals with excess body fat are at an increased risk of 

developing a number of comorbidities such as CVD, gastrointestinal disorders, T2DM, 

respiratory problems and cancer, as well as a decrease in life expectancy (Fruh, 2017; 

Taghizadeh et al., 2015). Excess adiposity in childhood has been associated with both 

immediate and long term health risks, including increased middle-aged mortality 

despite the child’s adult weight status (Layte and McCrory, 2011). Thus, excess body 

weight in childhood may have the potential to cause permanent effects on disease and 

health risks in later life, irrespective of body weight in adulthood.  

Despite recent evidence suggesting that obesity is stabilising in some developed 

countries (Ng et al., 2014; Zhang et al., 2018), the overall global prevalence of obesity 

continues to rise (Hruby and Hu, 2015; Swinburn et al., 2019). A plateau in the obesity 

levels of children have also been reported, (Swinburn et al., 2019; Zhang et al., 2018; 

Bel-Serrat S et al., 2017), yet approximately 340 million children worldwide remain 

overweight or obese (WHO, 2018d). In the US, approximately 19 % of children are 

classed as overweight or obese (The State of Obesity, 2019). Traditionally, US levels 

exceed those reported in Europe, however, similar trends are beginning to emerge. 

The WHO Childhood Obesity Surveillance Initiative (COSI) reveal childhood obesity in 

Europe range from 18 – 21 %, with Irish children at the higher range of approximately 

21 % (Walton et al., 2014; WHO, 2018b).  

Many biological and genetic factors can contribute to the regulation of body weight, 

however, overweight and obesity generally occurs due to the overconsumption of 

energy, causing imbalances between energy intake and energy expenditure over an 

extended period of time (Bray et al., 2016). Dietary fat is an energy dense 

macronutrient, supplying a concentrated 9 kilocalories per gram (kcal/g) of energy, in 

comparison to carbohydrate and protein which provide 3.75 kcal/g and 4 kcal/g, 

respectively (Cummings et al., 1997; Berg et al., 2011). This concentrated supply of 

energy indicates that foods high in fat may be required in smaller portions in order to 

meet energy needs. However, high fat foods have a weak satiety effect and offer 
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sensory qualities such as texture, flavour and aroma, enhancing the palatability which 

can lead to passive overconsumption (Blundell and MacDiarmid, 1997; FAO, 2010) 

The consensus within the literature denotes that high dietary fat consumption leads to 

increases in total energy input with the excess dietary fat stored with greater efficiency 

than other macronutrients, influencing the development of obesity (Hill et al., 2000; 

Sanders, 2013). Studies in the US confirm that children and adolescents consume 

diets significantly higher in dietary fat and total energy than recommended intakes, 

potentially contributing to overweight and obesity (Lee et al., 2001). Investigating the 

variables related to children’s BMI, Skinner et al. (2004) identified total fat intake as a 

positive predictor of BMI in children aged 2 – 8 years. Similarly, Gillis et al. (2002) 

examined the relationship between obesity and dietary fat intakes in those aged 4 – 

16 years and found those categorised as obese consumed significantly more total 

energy, total fat and saturated fat than those categorised as non-obese.  

In addition, numerous adult studies have reported positive associations between 

dietary fat intake restrictions, BMI, and weight loss (Raatz et al., 2017; Hall et al., 2015; 

Sackner-Bernstein et al., 2015), but it must be acknowledged that all macronutrients 

play a role in energy contribution. Several studies have examined different diet ratios, 

with significant interest in low fat and low carbohydrate. Many observed no differences 

in weight loss across the diets regardless of macronutrient content, suggesting dietary 

composition and weight loss are unrelated and that weight loss can be successfully 

achieved by means of a calorie deficit (Sacks et al., 2009; Hu et al., 2012). However, 

desired food choices can often be energy dense due to their high fat composition and 

avoiding or reducing such foods may prove difficult if calorie restriction is advised. 

Although dietary fat restriction has been investigated in many adult populations, it 

remains insufficiently explored in children. This could be due to potential adverse 

effects of low dietary fat intake during important growth periods in childhood. 

 

1.3.3 Diabetes mellitus 

Diabetes mellitus is a metabolic disorder caused by defects in insulin production and 

secretion (WHO, 2006). It is characterised by hyperglycaemia and if left untreated, it 

can damage various organs in the body and lead to the development of comorbidities 

such as CVD, neuropathy, nephropathy and retinopathy (International Diabetes 

Federation [IDF], 2017). Diabetes patients are 2 – 4 times more likely to develop CVD 
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and are at a much greater risk of death from these conditions (Tracey et al., 2015). 

CVD and T2DM share common modifiable risk factors such as obesity and elevated 

central adiposity, often resulting in a co-existence (SACN, 2019; Wanders et al., 2017).  

In their 2017 report, the IDF (2017) confirmed that diabetes is among the top ten 

causes of death worldwide with an estimated 422 million adults living with diabetes 

globally in 2014, compared to 108 million in 1980 (WHO, 2016b). T2DM accounts for 

90 % of all diabetes cases and it is primarily driven by increases in the frequency of 

obesity in both adult and child populations (IDF, 2017). T2DM in youth is becoming 

more prevalent and has increased dramatically over the last decade (Weiss et al., 

2003). In the US, Bobo et al. (2004) reports that diabetes diagnoses in youth have 

rapidly increased and are estimated to account for 20 – 50 % of new diabetes cases. 

Similar trends have been observed in the United Kingdom (UK) with strong 

associations found in children between increased adiposity and T2DM diagnoses 

(Haines et al., 2007). Numerous studies have reported that mean BMI among children 

with T2DM is above the 95th percentile in age, reinforcing the significance of the 

diabetes and obesity relationship (Fagot-Campagna et al., 2000).  

Schellenberg et al. (2013) reports that the primary management and prevention of 

diabetes involves lifestyle changes such as dietary modification, however, the role of 

individual dietary factors and their association with diabetes remain uncertain. Unlike 

the established role of dietary fat and CVD, the long term effects of dietary fat and its 

subtypes on insulin resistance and T2DM risk are unclear in both adult and child 

populations. The SACN (2019) conclude there is no sufficient evidence from either 

RCT or PCS on the effects of SFA and the risk of T2DM. This was also the case for 

the substitution of SFA with MUFA, PUFA and carbohydrates, with more work needed 

to be completed in the area. 

 

1.3.4 Metabolic syndrome 

Metabolic Syndrome (MetS) is a cluster of abnormalities associated with CVD and 

common comorbidities such as T2DM (Riccardi et al., 2004). The occurrence of this 

common metabolic disorder largely results from the increasing prevalence of obesity 

and includes conditions such as dyslipidaemia, impaired glucose metabolism and 

hypertension, all major predictors for CVD (Weiss et al., 2004; Goodman et al., 2005; 

De Ferranti and Osganian, 2007). Despite the absence of an international agreement 
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for the definition of MetS, there is a general consensus acknowledging glucose 

intolerance or insulin resistance as essential components of the syndrome (Alberti and 

Zimmet, 1998).  

One of the biggest contributors to the development of insulin resistance is an 

overabundance of free fatty acids, which can arise from excess adipose tissue mass 

in obese individuals (Eckel et al., 2005). Goodman and colleagues (2005) investigated 

the MetS in US adolescents, concluding that the syndrome was found almost 

exclusively among obese individuals. Furthermore, Lambert et al. (2004) confirms 

MetS can be detected in children as young as 9 years and recognises increased 

adiposity as an important risk factor. The known influences of dietary fat intake on 

weight status (Hill et al., 2000; Sanders, 2013), as well as the associations between 

obesity and MetS, suggests a relationship between dietary fat and MetS occurrence is 

plausible. A number of studies have indicated that the type of dietary fat can influence 

insulin resistance and sensitivity, in healthy individuals as well as those with obesity 

and diabetes (Nettleton et al., 2014; Julibert et al., 2019). Warensjö et al. (2005)  

proposes elevated serum levels of SFA can predict the development of MetS in adults, 

while others have suggested MetS is inversely associated with PUFA intakes, notably 

n-6 (Vanhala et al., 2012). Nevertheless, the relationship between dietary fat intake 

and MetS remains largely unexplored, particularly in children. However, given the 

established relationship between obesity and MetS in both adults and children, and the 

observed effects of dietary fat intakes on MetS in adults, it is probable that similar 

metabolic affects occur in children. 

 

1.3.5 Cancer 

Cancer is a consequence of genetic cell mutation causing the proliferation of abnormal 

cells, resulting in the growth of malignant tumours which can affect every organ and 

tissue in the body (Gandy, 2014). Currently, the global cancer burden stands at an 

estimated 18.1 million new cases and 9.6 million deaths (WHO, 2018c).  

It is widely accepted that lifestyle factors such as diet, obesity and physical inactivity 

significantly contribute to cancer risk and occurrence, considered second to smoking 

(Gonzalez and Riboli, 2010). With lifestyle and environmental factors said to account 

for 90 – 95 % of the majority of chronic illnesses, this presents major opportunities for 

cancer risk prevention (Anand et al., 2008; Gonzalez and Riboli, 2010). Traditionally, 
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cancer was perceived as a disease of affluence, but in recent years the burden has 

shifted across all socioeconomic levels (McGuire, 2016). The increasing proportion of 

cases observed in developing countries are said to be attributable to changes in 

lifestyle such as diet, physical inactivity and smoking, as well as infection-related 

cancers (Cancer in developing countries: can the revolution begin?, 2011). Due to 

these lifestyle transitions, many developing countries are simultaneously experiencing 

cancer burdens for both under- and over-nutrition, contributing to an estimated 56 % 

of the world’s cancer cases and 64 % of cancer deaths (Cancer in developing 

countries: can the revolution begin?, 2011; McGuire, 2016). The World Cancer 

Research Fund (WCRF) has reviewed thousands of studies examining nutrition, 

physical activity (PA) and weight status and their associations with cancer risk (WCRF, 

2019). They found convincing evidence that excess weight is a strong risk factor for 

several cancers such as colon, breast, oesophagus, pancreas, endometrium and 

kidney. In addition, many epidemiological studies focusing on the influence of dietary 

patterns and metabolism on cancer risk suggest adiposity contributes to the incidence 

and mortality of multiple cancers, whereas PA is considered to lower cancer risk (Calle 

and Kaaks, 2004; McGuire, 2016).  

Early animal studies indicate that altering the fat composition of the diet may modify 

the rate and the number of cancerous tumours developed (Freedman et al., 1990). 

Since then, a number of human studies have examined the link between dietary fat 

and cancer occurrence. A meta-analysis conducted by Han et al. (2015) on 

observational studies, suggested that total fat and SFA intake is positively associated 

with gastric cancer, whereas other subtypes of fat have opposing effects. Similarly, in 

the European Prospective Investigation into Cancer and Nutrition (EPIC) cohort, 

positive associations were observed between breast cancer, and total fat and SFA 

intakes (Schulz et al., 2008; Sieri et al., 2008).  Albeit, a recent SACN report has 

contradicted these findings, concluding there are no associations between SFA intake 

and a number of cancers including breast, colorectal, lung, pancreas and lung cancer 

(SACN, 2019). Evidence of dietary fat intakes in children and cancer occurrence is 

scant, typically due to the complexities and chronic nature of the disease. Of those that 

have examined the effects of childhood diet and cancer risk, breast cancer has been 

the main focus (Fuemmeler et al., 2009). Many have reported associations between 

breast cancer risk in adulthood and the consumption of high fat foods in childhood such 

a red meat, butter and French fries (Frazier et al., 2004; Michels et al., 2006; Linos et 
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al., 2008), all characteristics of a Western-type diet. The WCRF categorises such diets 

as a probable risk factor for weight gain and obesity in both children and adults, an 

independent risk factor for many cancers (WCRF, 2018b). In order to reduce these 

risks, the WCRF recommend limiting fast foods and other processed foods likely to be 

high in fat, starches and sugars (WCRF, 2018b). Nevertheless, continued research is 

needed to further determine the relationship, if any, of dietary fat in cancer. 

Whilst the type of dietary fat, namely SFA, has been established as a strong predictor 

of CVD risk and increased fat intake has been widely associated with obesity and BP, 

the impact of fat consumption on related comorbidities remains ill-defined particularly 

in children. Dietary habits are primarily developed in childhood and to further 

understand the health impacts of dietary fat, more attention needs to be devoted to 

children’s dietary patterns and fat consumption. Of note, chronic disease occurrence 

is much greater than dietary fat alone. Therefore, dietary fat should not be observed in 

isolation and careful consideration for confounding dietary and non-dietary factors is 

needed. 

 

1.4 Dietary fat intakes and recommendations 

Many international health organisations have established dietary guidelines for all 

nutrients in order to maintain health status and minimise the risk of disease. The 

evidence surrounding dietary fat and its association with chronic disease risks as 

previously discussed, has been widely recognised and accepted on an international 

level. Previously, official bodies have recommended low fat diets, concentrating on 

limiting total fat and disregarding the quality or type of the fat (Schwab et al., 2014). 

However, the current evidence suggests that elevated levels of total fat, SFA and trans 

fat intake can cause adverse health effects which has led to a consensus across many 

health organisations to limit these fats within the diet. PUFA and its potential positive 

health effects are also acknowledged, although the recommended intakes differ 

between countries and organisations. Few countries have set official 

recommendations for MUFA as the evidence suggesting they play a role in the 

prevention or promotion of diet related diseases remains inconclusive (EFSA, 2010a).  
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1.4.1 Dietary fat guidelines 

International dietary guidelines for adults are easily comparable across countries, as 

an adult is universally classified as an individual over 18 years. However, guidelines 

for children are not so transparent. Table 1.1 displays the dietary fat recommendations 

for children across a select number of countries and organisations. The 

recommendations in addition to the age categories differ significantly across countries 

and organisations and for some fat types no recommendations have been established. 

This creates challenges when drawing comparisons between dietary fat intakes in 

children across countries. Within Europe, EFSA have set an adult reference intake 

range which they report is also appropriate for children (EFSA, 2010a). They 

recommend total fat intakes should range from 20 – 35 %, whereas SFA and trans fat 

are advised to remain as low as possible. Due to inadequate evidence concerning the 

influence of MUFA and PUFA on diet-related diseases, no dietary reference values 

(DRV) have been established for these fatty acids. Of the countries which have 

established dietary fat recommendations, their values are not too dissimilar from 

EFSA. Many share a maximum intake of 35 % of total energy from total fat and 10 % 

of total energy from SFA in both adults and children (Table 1.1). Some have also 

adopted EFSA references values for SFA and trans, advising intakes to remain as low 

as possible. 
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Table 1.1 Dietary recommendations for the intakes of total fat and fatty acids intakes for children as set by different countries/organisations 

Country/organisation Age Year Total fat SFA Trans MUFA PUFA n-6 n-3 

Ireland ≥ 5 years 2011 25-35% ≤ 10% 
     

United Kingdom ≥ 2 years 1991/1994 ≤35% ≤ 10% < 2% 12% 6% 1% min 0.2% min 

America ≥ 4 years 2015 25-35% < 10% ALAP 
    

Australia and New Zealand 

age group not 

specified 2017 20-35% ≤ 10%* ≤ 10%* 
    

WHO/FAO ≥ 2 years 2010 25-35% ≤ 8% < 1%   6 - 11%     

EFSA > 4 years 2010 20- 35% ALAP ALAP     

SFA, saturated fatty acids; MUFA, Monounsaturated Fatty Acids, PUFA, Polyunsaturated Fatty Acids; n-6, omega 6 fatty acid; n-3, omega 3 fatty acid; WHO/FAO, 
World Health Organisation/The Food and Agriculture Organisation of the United Nations;  EFSA, European Food Safety Authority; ALAP, as low as possible; 
*Combined recommendation for both SFA and trans fatty acids; Food Safety Authority of Ireland (FSAI), 2011; Department of Health (DOH), 1991; 1994; United 
States Department of Agriculture (USDA), 2015; National Health and Medical Research Council, 2017; FAO, 2010; EFSA, 2010.  
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1.4.2 Fatty acid intakes in children and compliance with recommendations 

Despite the establishment of many national and international dietary guidelines, a 

number of studies have shown that children’s dietary fat intakes vary considerably from 

country to country with many exceeding the limits of some dietary fat 

recommendations. Several studies have reported that total fat and SFA are above the 

desired recommended intakes, whereas PUFA and MUFA are significantly lower than 

the desired levels (Royo-Bordonada et al., 2003; Kontogianni et al., 2008; Joyce et al., 

2009; Banfield et al., 2016). A global review carried out by Harika et al. (2011) which 

investigated dietary fat intakes in children and adolescents from thirty countries, 

discovered total fat intakes accounted for 23 – 40 % of total energy (% TE) in children 

across all countries. Furthermore, only three countries including Japan, Mexico and 

South Africa, achieved the WHO recommended intakes of ≤ 30 % (WHO, 2003). In 

Europe, considerable disparities between countries have also been reported, ranging 

from 28 – 42 % with the lowest total fat intakes recorded in Norwegian and Portuguese 

children and adolescents and the highest intakes recorded in Latvia, Lithuania and 

Greece (EFSA, 2010a). More recently, Rippin et al. (2019) found that out of eighteen 

European countries, only Slovenia and the Netherlands were within the WHO 

recommendation of ≤ 30 % TE. Comparatively, children in Ireland had total fat intakes 

of 34 % TE, and while this exceeds the WHO recommendation, it remains below the 

current Irish total fat threshold of ≤ 35 %, originally adopted from the EFSA guidelines 

(Joyce et al., 2009; EFSA, 2010a).   

Similar to total fat intakes, countries across the world displayed poor adherence to SFA 

recommendations (Harika et al., 2011). At a population level, children’s mean daily 

intakes of SFA ranged from 1 – 15 % TE, with only 7 % of countries meeting the 

recommended less than 10 % (WHO, 2003; Harika et al., 2011). With most countries 

in Europe exceeding this recommendation, the average SFA intakes ranged between 

13 – 15 % in children (EFSA, 2010a). Children in Ireland were comparable with the 

highest intakes reported at 14.7 %, with only 2 % achieving the recommendation 

(Joyce et al., 2009). EFSA have not established a quantitative measure for SFA 

recommendations, advising instead for intakes to be as low as possible (EFSA, 

2010a). Nevertheless, to consider the standard 10 % SFA cut-off proposed by other 

bodies, all countries surveyed in the EFSA report were above the threshold. 
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Of the few countries who provide data for trans fat, children’s intakes were all within 

the general < 2 % recommendation, showing high compliance with trans fat 

recommendations (EFSA, 2010a; Harika et al., 2011; Pot et al., 2012; SACN, 2019). 

This is potentially due to the increase in food reformulation policies and legislative limits 

on industrial trans fat across several countries (WHO, 2018e).   

The UK Department of Health (DOH, 1994) and the FAO (FAO, 2010) recommend that 

PUFA intakes should be greater than 6 % TE. Compliance across countries is mixed 

with intakes ranging from approximately 4 – 10 % in children across the globe with less 

than 50 % meeting the recommendation (Harika et al., 2011). In Europe, mean daily 

intakes range from 4 – 7 % in children, with many countries, including Ireland (5 %), 

considerably lower than the recommended level (Joyce et al., 2009; EFSA, 2010a). Of 

the few countries in Europe that reported n-3 and n-6 values for children, only half 

achieved the WHO lower 5 % TE for n-6, whereas very few children were successful 

meeting the lower 1 % TE for n-3 (Rippin et al., 2019). In line with Europe, global 

intakes of n-3 fatty acids, EPA and DHA, also showed considerable deviations ranging 

between 45 – 150mg/day, well below the recommended 250 mg/day (FAO, 2010; 

EFSA, 2010a; Harika et al., 2011). In many instances no recommendations have been 

established for MUFA intakes due to insufficient evidence on its relationship with 

cardiovascular health. However, the UK DOH have established a recommended intake 

of 12 % or over (DOH, 1994). In countries across Europe, population intakes somewhat 

deviate from this recommendation, ranging from 10 – 16 % (EFSA, 2010a). In Ireland, 

MUFA intakes in children were 11.6 %, slightly below the UK recommendation (Joyce 

et al., 2009). Globally, improvement is warranted across all dietary fats in children.  

Despite reports of slight improvements in dietary fat intakes, compliance in children 

remains universally poor (Pot et al., 2012; Cui and Dibley, 2012; Libuda et al., 2014). 

Although dietary guidelines have been developed to communicate dietary advice to 

the public, if the advice is not relevant to children’s current lifestyles and dietary habits 

it will prove difficult to influence dietary change. Therefore, it is important to consider 

the factors that influence dietary fat intakes in children and determine why compliance 

with dietary fat recommendations remains so low. 
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1.4.3 Contributors of dietary fat in children  

Despite disparities in dietary habits across different countries, similar contributors of 

dietary fat have been observed in children. Primary sources of total fat, SFA and trans 

fat include dairy products such as milk and cheese, various meat products and 

confectionary foods such as cakes, pies and biscuits (Joyce et al., 2009; Bermudez et 

al., 2010; Reedy and Krebs-Smith, 2010; Patterson et al., 2010; Pot et al., 2012; Ruiz 

et al., 2016). In US children, Reedy and Krebs-Smith (2010) identified that 7 – 17 % of 

solid fat intakes, a term which describes a combination of SFA and trans fat, comes 

from milk and cheese, and approximately 7 % from fatty meat. These contributors are 

similar to reported intakes in European children for SFA, whereby dairy products 

contribute approximately 29 – 33 % and meat products 13 – 24 % (Patterson et al., 

2010; Pot et al., 2012; Ruiz et al., 2016). Furthermore, the above findings are in 

agreement with previous analysis investigating Irish children’s dietary fat intakes where 

whole milk and cheese contributed approximately 26 % to SFA intakes and all meat 

products and dishes contributed 15 % (Joyce et al., 2009). Albeit, this was over 14 

years ago and contributors may have since changed.  

When evaluating the impact of SFA on health, it is important to consider the individual 

fatty acids as not all dietary SFA exert the same effects. Although dairy is a substantial 

contributor to SFA intakes globally, evidence has emerged to suggest dairy SFA may 

not be associated with adverse health effects and is potentially cardio-protective 

compared to meat-derived SFA (de Oliveira Otto et al., 2012; Alexander et al., 2016). 

In concurrence, Praagman et al. (2016) observed associations between high dairy 

derived SFA intake and a reduced risk of ischemic heart disease. In addition, no 

adverse associations were observed between meat-derived SFA. This suggests there 

may be potential SFA differences and interactions depending on the food source. 

Thus, targeting specific foods with particular SFA profiles could support efforts to 

improve diet-related disease risk.  

The top contributors of MUFA intakes in US children were highly processed foods 

described as ‘cakes, cookies, quick bread, pastries and pies’ (9 %) followed by 

sausages and luncheon meats (9 %) (Keast et al., 2013). In contrast, the major 

contributing food groups to MUFA intakes in some European countries were dairy 

products and meat products ranging from 14 – 29 % and 22 – 24 %, respectively (Joyce 

et al., 2009; Pot et al., 2012; Ruiz et al., 2016). Although, oils and fats, namely olive oil 
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(30 %), were the top contributors of MUFA intakes in Spain potentially reflecting more 

traditional eating habits of those living in the Mediterranean region where olive oil 

remains a staple food (Ruiz et al., 2016). However, poor adherence to the 

Mediterranean diet in children living in some Mediterranean countries has been 

reported, indicating a potential transition to a more westernised diet (Grosso and 

Galvano, 2016).  

Cereals, grains and meat products were consistent contributors of PUFA intakes in 

European children with additional sources such as spreading fats and potatoes 

reported in UK and Irish children (Joyce et al., 2009; Pot et al., 2012; Ruiz et al., 2016). 

Unlike the findings from children in Europe, savoury snacks such as crackers, pretzels 

and popcorn were the main contributors of PUFA intakes in US children, reflecting 

America’s well-established western diet (Keast et al., 2013).   

In recent years there has been a global shift in the foods consumed as well as food 

processing methods and food distribution, leading to increases in the consumption of 

processed food and drinks worldwide (Popkin, 2011). This shift has resulted in a 

nutritional transition, responsible for many of the current dietary imbalances, including 

those observed in dietary fat intakes. The literature shows that children are consuming 

over the recommended intakes of total fat and SFA, as well as inadequate intakes of 

unsaturated fats. Thus, identifying the current main food sources of children’s dietary 

fat intakes can provide additional insight into their dietary habits, further supporting 

developments to improve their overall dietary fat profile. It is clear that similar foods 

are contributing to children’s dietary fat intakes irrespective of the country they are 

from. However, it should be noted that the contents within each reported food group 

differ from country to country, meaning direct comparisons can be challenging. In 

addition, the broad description of some of the food groups make it difficult to distinguish 

the exact foods contributing to dietary fat intakes. Nonetheless, the predominant food 

sources observed here indicate that the universal issue of inadequate dietary fat 

intakes may be a reflection of the common consumption of these foods.  
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1.5 Food and dietary considerations  

Nutrients, foods, components of food and dietary patterns are interdependent, together 

supporting the associations between diet and health (Tapsell et al., 2016). In the past, 

some diets have focused on individual nutrients as an approach to chronic disease 

prevention and have had negative consequences (Fardet and Rock, 2014). For 

example, previous advocacy of total fat reduction did not consider the quality of fat 

targeted which resulted in increases in refined carbohydrate and added sugar intakes, 

additional risk factors for CVD (Malik et al., 2010; Yang et al., 2014). There are 

numerous dietary determinants of chronic diseases that interact with each other and 

thus, collectively affect disease risk (Willett, 2013). Consequently, nutritional 

epidemiology research is now focusing on foods and food groups above the traditional 

single nutrient approach and evaluating the effect of the whole diet which has been 

suggested to provide the foundation for the development of future dietary guidelines 

(Hu, 2002; Tapsell et al., 2016).  

 

1.5.1 Food matrix 

Nutrition research traditionally focuses on the individual components of food (Thorning 

et al., 2017). This approach has led to many significant discoveries linking individual 

nutrients with specific health conditions. (2014) define this as the reductionist 

approach, whereby one food component is observed in isolation and associated with 

one health effect. For example, phenylketonuria (PKU) is an inborn error of metabolism 

that occurs due to the inability to convert the essential amino acid, phenylalanine (Phe), 

to tyrosine, resulting in intellectual impairment, motor issues and skin abnormalities if 

left untreated (Strisciuglio and Concolino, 2014; Alptekin et al., 2018). Moreover, 

individual nutrient deficiencies are the cause of many well-known health conditions, 

which can be treated and potentially reversed by providing the deficient nutrient in 

isolation (Jacobs and Tapsell, 2013). Common examples of such diet-health 

relationships include rickets and vitamin D (Thacher et al., 2006), scurvy and vitamin 

C (Padayatty et al., 2003) and neural tube defects and folic acid (Pitkin, 2007).  

Despite the irrefutable evidence that individual nutrients influence specific health 

conditions, the effect of the consumption of nutrients in relation to non-communicable 

diseases appears to be more complex (Jacobs and Tapsell, 2013). Diet-heath 
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relationships should not be based solely on models suggesting cause and effect 

between one nutrient and one physiological effect but instead should be considered 

from a holistic or multi-causal perspective (Fardet and Rock, 2014). Foods contain a 

multitude of components, hence, the attention on nutrients in isolation over food in 

relation to diet-related diseases could lead to inconsistencies between predicted health 

effects of a food based on its nutritional content, and its actual health effect when 

consumed as a whole food (Thorning et al., 2017).  

This composite of naturally occurring components within a food is known as the food 

matrix (Jacobs et al., 2009). As the nutritional and physical structures of foods can 

affect digestion and absorption when consumed, it can potentially cause interactions 

within the food matrix and alter the properties of the nutrients (Thorning et al., 2017). 

This view is mirrored by others, who propose the food matrix exhibits different actions 

than the corresponding actions of individual food components (Jacobs et al., 2009).  

Although food matrix effects are not yet fully explored in the literature, recent studies 

have demonstrated that food matrices can modify the nutritional properties of a food 

(Leedo et al., 2011; Mandalari et al., 2014; Mashurabad et al., 2017) which may give 

an understanding on why certain high fat foods can induce a positive effect on disease 

risk. Thorning et al. (2017) reviewed the matrix effect of dairy and concluded that 

beneficial effects are due to the metabolic effects of whole dairy differing from individual 

dairy constituents regarding weight status, CVD risk and bone health. Moreover, 

Feeney et al. (2018) investigated the effects of daily consumption of dairy fat eaten 

within the cheese matrix, on markers of metabolic health. Considering cheese is a high 

source of fat, namely SFA, the expected results would be an elevation of the LDL lipid 

profile when consumed. However, they observed a significant reduction in triglyceride 

and LDL cholesterol post intervention when the fat was contained within the cheese 

matrix (white cheddar), in comparison to butter and reduced fat cheese matrices 

(Feeney et al., 2018). Matrix effects can occur in other dairy products such as yogurts, 

where the fermentation process develops acidic properties thus, influencing mineral 

absorption (Bronner and Pansu, 1999). While evidence of matrix effects in children are 

scarce, a study conducted by Sopo et al. (2016) found a potential wheat matrix effect 

on the tolerance of baked milk in a small sample of children with Immunoglobulin E 

(IgE) cow’s milk allergy. This novel concept highlights the importance of observing 

whole foods and dietary patterns rather than individual food components exclusively.  
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1.5.2 Dietary patterns 

In response to the potential effect of food matrices instead of using the traditional 

methods of examining single foods or nutrients, dietary pattern analyses has been 

suggested to provide more insight into the complex relationship between dietary intake 

and disease (Moreno et al., 2010). The collective effects of all the dietary components 

within a particular dietary pattern can interact with each other and thus, become more 

influential than a single nutrient (Sacks et al., 1995; Hu, 2002). This could have 

implications when investigating the relationship between isolated nutrients and chronic 

disease, potentially clouding the true results. Therefore, dietary pattern analyses can 

be an effective holistic approach to help reduce diet-related chronic disease risks. 

Well documented dietary patterns such as the DASH (Dietary Approaches to Stop 

Hypertension) diet, the Nordic diet and the Mediterranean diet have all demonstrated 

protective effects against chronic disease risk (Sacks et al., 1995; Estruch et al., 2013; 

Brader et al., 2014). Evidence supports the efficacy of the DASH and Nordic diets for 

those with elevated BP, both containing dietary patterns characterised by high intakes 

of fruit and vegetables, whole grains, nuts, fish and low-fat dairy products (Mithril et al., 

2013; Sacks et al., 2001). Evidence also supports the association of lower mortality 

with a Mediterranean diet, which consists of moderate consumption of ethanol (from 

wine) low meat and meat products, high intakes of vegetables, fruits and nuts, fish, 

olive oil and legumes (Trichopoulou et al., 2009).  

Many dietary patterns in children have been indicated by the use of diet quality scores. 

Although the majority of diet quality indices were originally developed for adult 

populations, adaptions have been made for use in children, albeit a limited few 

(Feskanich et al., 2004; Kranz et al., 2008; Jennings et al., 2011; Vilela et al., 2014; 

Murakami and Livingstone, 2016; Hooshmand et al., 2018). Sub-optimal diets in 

children have been associated with a number of chronic diseases, most notably 

overweight and obesity. Findings from Pala et al. (2013) indicated diets rich in 

vegetables, wholegrain cereals, fruit and milk may protect against overweight and 

obesity in European children. Furthermore, Jennings et al. (2011) examined 

associations between weight status in children and a select number of diet quality 

indices, originally developed for adults in relation to diet-related chronic diseases 

(Patterson et al., 1994; Huijbregts et al., 1997). They found improved weight status 

was associated with higher diet quality scores from the Healthy Diet Indicator (HDI) 



42 
 

and Diet Quality Index (DQI), whereas no associations were observed within the 

Mediterranean Diet Score (MDS). Moreover, reduced MetS occurrence in children was 

also associated with a higher diet quality score from the modified Healthy Eating Index 

(HDI) (Hooshmand et al., 2018). Thus, many high-quality dietary patterns have been 

related to reductions in chronic disease risk and occurrence, irrespective of the index 

utilised. 

Research has shown overall poor diet quality in childhood also influences the onset of 

diseases such as CVD but typically goes undetected until later in life (Hong, 2010). 

High diet quality in children have been associated with lower intakes of total fat and 

SFA, and higher intakes of unsaturated fats, a favourable dietary fat composition for 

cardiometabolic health (Hooper et al., 2015). These high quality diets typically share 

similar foods such as fruit, vegetables, wholegrain and fibre, whereas lower quality 

diets share foods characteristic of westernised diets such as processed meats, high-

fat snacks and other energy-dense foods and beverages (Kelishadi et al., 2004; Downs 

et al., 2009; O’Neil et al., 2011; Powell and Nguyen, 2013). Mikkilä et al. (2005) carried 

out a prospective cohort study investigating the determinants of CVD risk among 

children, adolescents and young adults in Finland and found that low quality dietary 

patterns were associated with a number of CVD risk habits. In addition, they found 

many participants persisted with the same dietary pattern from childhood into young 

adulthood, supporting the concept that dietary habits are established early in life.  

Dietary pattern analysis is a valuable tool and an important predictor of health and 

disease risk in children. Furthermore, monitoring dietary patterns can provide better 

representation of overall diet quality compared to individual food and nutrient 

components. Thus, observing food consumption habits may be more applicable when 

reviewing children’s adherence to dietary guidelines and developing dietary strategies 

and public health interventions.  

 

1.5.3 Food-based dietary guidelines 

It is clear from the literature that food and nutrition play significant roles in the 

prevention and treatment of some of the most common noncommunicable (NCD) 

diseases. Nutritional advice is continuously evolving as new evidence emerges 

concerning the health effects of different foods and nutrients, and as diet-related 
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concerns and public health objectives change (FAO, 2016). Nutritional advice is 

divided into two levels; DRVs and FBDGs. Dietary reference values are based on 

extensive literature reviews aimed at health professionals. Food-based dietary 

guidelines are based on DRVs but provide indications of what a population should eat 

in terms of food and not nutrients in isolation (FAO, 2016).  

The rationale for the development of FBDGs as outlined by a joint FAO/WHO 

consultation on the preparation and use of FBDGs (WHO, 1998) are as follows:  

- Foods make up diets; they are more than just a collection of nutrients. 

- Depending on the food matrix, foods can interact differently. 

- The nutritional value of foods can be influenced by the methods of food processing, 

preparation and cooking. 

- Specific dietary patterns are associated with a reduced risk of specific diseases. 

The protective effects could be due to a specific nutrient, the combination of 

nutrients, non-nutrients or the replacement of other foods.  

- Some food components may have biological functions that are not yet identified. 

- Foods and diet have cultural, social and family aspects that individual nutrients do 

not have. 

Dietary guidelines are intended for consumer information and education (FAO, 2016), 

written in easy-to-understand language usually accompanied by informative visual 

representations (Montagnese et al., 2015). Their main aim is to focus on the diet in 

relation to common chronic diseases and the maintenance of good health through 

optimal nutrition (EFSA, 2010b). A stepwise approach to provide guidance to European 

countries on the translation of DRVs to FBDGs, displayed in Table 1.2. For effective 

implementation of the guidelines, it is important that they are based on robust scientific 

principals but easily translated to the general public. To ensure their success, it is 

imperative that they are culturally accepted and practical to implement. The messages 

should be comprehensible, clear, concise and memorable. The guidelines should 

relate to issues that can affect eating patterns within the individual country, such as 

social, economic, agricultural and environmental factors. Government bodies 

responsible for the development of the guidelines are also encouraged to integrate 

them with other health promotion policies to maximise their impact on the public. 
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Table 1.2 Scientific process in the development of food-based dietary guidelines 

Identification of diet-related relationships 
Utilising the evidence on diet-health 
relationships from regular reviews carried out 
by national and international organisations. 

Identification of country specific diet-
related health problems 

Reviewing specific diet-related health 
patterns, disease and mortality rates in order 
to identify and prioritise nutrition problems of 
public health significance 

Identification of nutrients of public health 
importance 

Nutrient imbalances in specific population 
groups should be identified through 
comparisons of habitual intake from dietary 
surveys and DRVs.  

Identification of foods relevant for FBDGs 

Identifying the foods that are the main 
vehicles for nutrients of public health 
importance and have established 
relationships to health in population 
subgroups 

Identification of food consumption patterns 

Establishing food consumption patterns in the 
population that are in accordance with the 
recommended nutrient intakes but yet 
achievable 

Testing and optimising FBDGs 
The effectiveness of FBDGs should be 
supported by modelling food and nutrient 
intake data 

Graphical representations of FBDGs 
Graphical and visual representations of 
FBDGs can effectively facilitate 
communication to consumers 

Adapted from EFSA (2010a)  
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1.5.3.1 Comparison of National and International food-based dietary guidelines 

Throughout Europe, NCDs such as obesity, CVD, cancer, diabetes, and osteoporosis 

are significant public health issues. As their prevalence varies between countries, 

EFSA advise that FBDGs are developed based on their relevance to specific 

populations (EFSA, 2010b). Montagnese and colleagues (2015) compared FBDGs 

between 34 European countries and found 59 % of the countries provided dietary 

guidelines for children and 50 % provided guidelines for adolescents. The food pyramid 

as a food guide was the most popular, adopted by 67 % of the countries, whereas 24 

% adopted the circle or ‘plate’. In Ireland, FBDGs are represented by the food pyramid, 

grouping food and drink into six shelves. These food groups were formed by grouping 

foods rich in similar nutrients and are accompanied by portion size recommendations 

for subgroups of the population such as children, adolescents and the older adult (Food 

Safety Authority of Ireland [FSAI], 2018). Despite differences in dietary patterns due to 

geographical location and cultural differences, key nutritional messages are similar 

across the majority of countries (Montagnese et al., 2015). These messages included 

adequate intakes of grains, vegetables and fruit, and moderate intakes of fats, sugars, 

meat, caloric beverages and salt. 
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1.6 Dietary Strategies 

It is well established that poor diet quality is a significant risk factor for NCD 

development. Without effective prevention and control measures, the prevalence of 

NCDs will continue to rise, increasing global mortality rates and economic burden 

(Abegunde et al., 2007). Effective public health and nutrition strategies are essential 

to reduce the chronic disease burden and it is imperative that they are derived from 

evidence-based nutrition policies.   

 

1.6.1 Strategies for improving diet quality  

The unprecedented rise in diet-related chronic diseases has led to the development of 

a number of strategies and approaches to improve overall diet quality. Governments 

play a fundamental role in the success of these strategies. They provide a spectrum of 

voluntary and mandatory policies such as laws, regulations, dietary 

recommendations/guidelines and educational programmes (Mozaffarian et al., 2018a). 

In addition, they support changes to food systems such as agricultural development 

and food fortification programmes (Mozaffarian et al., 2018b). Policies such as food 

taxes direct the public towards healthier choices, whereas educational measures such 

as dietary guidelines and food labelling encourage personal responsibility and choice 

when attempting to influence diet quality (Rolls, 2010; Mozaffarian et al., 2018a). 

However, it is well known that the influences of dietary habits and patterns are 

multifactorial and are more complicated than mere personal decision making (Afshin 

et al., 2015).  

A number of food reformulation and food replacement strategies have been proposed 

to improve population intakes of dietary fat with minimal disruption to existing dietary 

habits. One such strategy is SFA replacement with an alternative macronutrient. 

However, there has been considerable controversy on which macronutrient should 

replace SFA (Weech et al., 2014). Studies investigating carbohydrate substitution have 

been inconsistent, whereas a substantial body of evidence has supported the 

replacement of SFA with unsaturated fats over carbohydrates, partly due to their ability 

to improve blood lipid profile (Jakobsen et al., 2009; Micha and Mozaffarian, 2010; 

SACN, 2019). An intervention carried out in US children examined low SFA diets 

supplemented with a PUFA-based spread and observed an overall LDL cholesterol 
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reduction (Denke et al., 2000). Furthermore, the SACN report which reviewed RCT 

investigating SFA replacement with PUFA, showed significant reductions in total and 

LDL cholesterol, decreases in coronary heart disease and CVD risk as well as 

improvements to glycaemic control (SACN, 2019).  

Product reformulation to reduce trans fat intakes is also an example of an effective 

strategy to improve dietary fat profiles. Reviewing the effectiveness of policy making, 

Downs et al. (2017) discovered that legislative bans where the most effective approach 

when targeting a reduction in trans fat as they virtually eliminate trans fat within the 

food supply. Although, not all countries have adopted this approach with many relying 

on voluntary food reformulation. Nevertheless, many of these voluntary approaches to 

reduce trans fat in food have been successful due to collaborative efforts between 

government and industry, with research suggesting that processed foods containing 

trans fat are no longer on the market or are no longer consumed to a significant degree  

(WHO, 2015; Gibney et al., 2017).  

 As previously discussed, adequate intakes of n-3, predominantly EPA and DHA, have 

been associated with brain function and cognitive development in children, while 

emerging evidence is now suggesting these fatty acids also play a beneficial role in 

reducing the risk of CVD (Schmidt et al., 2005; Uauy and Dangour, 2006; Mozaffarian 

and Wu, 2011; Kuratko et al., 2013). The beneficial health effects of EPA and DHA 

have led to research reformulation strategies to enrich foods with n-3 fatty acids, 

particularly fish oil fortification. To date, many have been unsuccessful due to limited 

consumer interest as well formulation challenges such as lipid oxidation, causing foods 

to have an undesirable flavour (Jacobsen, 2010; Ganesan et al., 2014). Nevertheless, 

the opportunity remains to further develop the palatability of n-3 enriched foods, such 

as the addition of antioxidants (Jacobsen, 2010). Furthermore, this fortification 

approach highlights the potential enhancement of diet quality through commonly 

consumed foods. 

 

1.6.1.1 Comparison of national and international strategies for improving diet 

quality 

In response to the NCD epidemic, the WHO established a series of action plans. In 

2004, they released their Global Strategy on Diet, Physical Activity and Health, 

addressing two of the main risk factors for NCD; diet and physical activity (WHO, 2004). 
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Its principle objective was to reduce NCD risk factors through public health actions and 

disease prevention measures whilst supporting the implementation of such on an 

individual, community, national and global level. Similar action plans were 

subsequently devised in support of the above (WHO, 2013; WHO, 2014a). Of the six 

WHO regions, Europe is mostly affected by NCDs (WHO, 2014b). In light of this, the 

European Food and Nutrition Plan 2015- 2020 was developed based on existing policy 

frameworks, providing guidance to member states to support and encourage the 

implementation of a series of policies at national levels (WHO, 2014b). While progress 

has been made in areas such as school food, product reformulation, fiscal policies and 

childhood obesity surveillance, improvements are still needed in food labelling, 

marketing restrictions and breastfeeding support (WHO, 2018a).  

In Europe, the main objective of EFSA’s nutrient reference values is to guide policy 

makers across different European countries to set appropriate recommendations and 

dietary guidelines based on their population’s needs (EFSA, 2019). Many countries 

have set similar guidelines using food guides such as the pyramid or plate to promote 

healthy eating, helping the public to make informed choices (Montagnese et al., 2015). 

In terms of dietary fat, low-fat foods have been advised to help reduce total fat and 

SFA intakes across the majority of European countries. Alas, this reduction strategy 

has predominantly adopted a behavioural preventative approach, whereby the onus 

lies with the consumer and thus, absolves the food industry of responsibility (Gerlach 

and Joost, 2016). These types of policies attempting to elicit behaviour change can 

vary in their success depending on the specific population subgroup and can be less 

effective among marginalised groups (Shangguan et al., 2015; Lloyd-Williams et al., 

2017). However, efforts to improve diet quality have been made by industry in 

partnership with government by implementing tangible strategies such as food 

reformulation and fortification, thereby supporting a healthy food environment to 

prevent the occurrence of diet-related chronic diseases (European Commission, 

2007).  

While governments can provide dietary guidelines in the hope consumers will simply 

adhere and adopt healthier choices, additional initiatives such as taxation, can be very 

effective. The most notable nutrient taxation measures include foods high in sugar, salt 

and fat (DOH, 2016). The WCRF concludes forty eight sugary drinks taxes have been 

enacted since 1981 as a measure to combat excessive sugar consumption (WCRF, 

2018a). In Europe, sugar taxes have been implemented in countries such as France, 
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the UK, Ireland, Norway, Portugal, Spain and Finland (Capacci et al., 2019). While 

evidence on consumer purchase response is mixed, Powell et al. (2013) suggests an 

increase in the price of sugary drinks by 20 % can lead to a reduction in consumption 

by 20 %. With many countries around the globe exceeding recommendations of total 

fat and SFA, the WHO have appealed for an additional taxation of high fat foods, in 

particular SFA (WHO, 2016a). Denmark became the first country in the world to 

implement a fat-tax in 2011, however, due to increases in border trade the tax was 

abolished in 2013 (Bødker et al., 2015). Nevertheless, an average tax-induced SFA 

reduction of 4 % was observed during this short taxation period, highlighting the 

potential of improving the dietary fat profile in other countries if similar taxation 

measures were implemented. 

 

1.6.1.2 Considerations for strategies improving diet quality 

It is evident that strategies to reformulate foods can have a beneficial effect on diet 

quality. For instance, the WHO states that the removal of trans fat from the food supply 

is one of the most straightforward interventions for reducing CVD risk and improving 

overall diet quality (WHO, 2015). However, despite successful introductions to trans 

fat policy, such changes can subsequently alter the fatty acid composition of a food. In 

response to trans fat reformulation, some reports have revealed significant increases 

in the SFA content of foods such as baked goods, and supermarket and restaurant 

foods (Mozaffarian et al., 2010; Lee et al., 2010; Van Camp et al., 2012). In addition, 

advising the public to reduce a specific nutrient could have implications for other 

nutrients within the diet i.e. recommendations to reduce total fat could have adverse 

effects on unsaturated fat intakes as well as total energy. Moreover, low-fat diets have 

been associated with higher intakes of sugar, a well-established risk factor for various 

diet-related chronic diseases (Malik et al., 2010; Yang et al., 2014; Sadler et al., 2015). 

Therefore, caution is required when manipulating the composition of food and diet as 

reducing one component for a desired health effect may prove counterproductive.   

While dietary information and guidance is an important approach to elicit behaviour 

change, it is unlikely that this strategy will independently incur significant dietary 

changes at a population level (Levy, 2013). This is also apparent for legislative 

measures as Levy (2013) confirms such complex approaches can prove difficult to 

implement. Furthermore, Cecchini et al. (2010) assessed a number of public health 
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strategies designed to combat diet-related chronic diseases and identified a number of 

approaches including guidelines and communication strategies, fiscal measures and 

regulatory measures to improve nutritional information and marketing restrictions to 

children. However, they noted the strategies were more effective when delivered 

together as a multi-intervention. In addition, a number of complex factors are known to 

influence diet quality and must be considered when implementing dietary strategies. 

These include age, gender, education, socioeconomic factors, psychological factors 

such as attitudes to food and health, and even influences from early life exposures 

(Liem and Mennella, 2002; Brug, 2008; van’t Riet et al., 2011). This reinforces the 

importance of implementing a matrix of approaches including population-wide 

strategies, policies and targeted interventions to ensure all population groups are 

considered, thus increasing the efficacy of achieving positive dietary change at a 

population level (Levy, 2013; WHO, 2014b). 

 

1.7 Conclusion 

Imbalances in dietary fat intakes have been reported in children worldwide. In addition, 

children’s adherence to dietary fat guidelines is universally poor. To date, reported 

associations between dietary fat intakes and diet-related chronic diseases have 

predominantly been examined in adult populations. While a limited number of studies 

have investigated the relationship between dietary fat intakes and chronic disease risk 

in children, supporting evidence is continuing to emerge. However, it should be noted 

that the novel concept of the food matrix should be considered instead of solely 

observing nutrients in isolation when investigating diet-related chronic diseases. Thus, 

methods such as dietary pattern analysis are valuable tools when investigating diet 

quality in children. Furthermore, strategies such as product reformulation have been 

effective in improving trans fat intakes in a number of populations, highlighting the 

potential for further dietary fat improvements such as SFA reduction. In addition, a 

multitude of strategies and policy measures need to be considered in combination to 

ensure improvements in dietary fat intakes are most effective.  
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1.8 Aims and objectives of this thesis 

The aim of this thesis is to examine the dietary fat intakes in a representative sample 

of Irish children. Data from the National Children’s Food Survey II (NCFS II) will be 

utilised and current intakes of dietary fat will be investigated and compared with 

previous intakes from the National Children’s Food Survey (NCFS) in 2005. Data from 

the NCFS II will be used to establish the main food sources of dietary fat and diet 

quality will be assessed to gain further insight into the influences of Irish children’s 

dietary fat habits. Strategies to improve dietary fat intakes will also be examined. 

The objectives of this thesis are as follows: 

- To assess the role of dietary fat in the diets of Irish children 

- To describe the main findings from the NCFS II  

- To investigate the current dietary fat intakes of Irish children and examine the 

changes over time 

- To identify the dietary determinants of dietary fat intakes in Irish children 

- To examine diet quality in relation to dietary fat intakes in Irish children 

- Model the impact of strategies to improve the dietary fat profile in Irish children 

- Discuss the implications of these findings and the contribution they make from a 

public health perspective   
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2.1 Introduction 

Health status can be influenced by dietary behaviours as well as a number of non-

dietary factors such as lifestyle, physical activity level and social class to name a few. 

Since dietary behaviours are primarily developed in childhood, it is important that 

children are positively influenced at this critical life stage, to ensure the establishment 

of healthy eating habits which can be carried into adolescence and beyond (Craigie et 

al., 2011). This in turn may help protect against the development of non-communicable 

diseases later in life. Research into the dietary behaviours and nutritional status of 

children can identify key areas for improvement and aid the development of public 

health campaigns that focus on improving the health status of this and of future 

generations.  

Food consumption surveys are essential in order to gain an understanding of the health 

and nutritional status of a population. Several countries, including Ireland, conduct 

national food consumption surveys that have a wide range of applications related to 

nutrition and food safety. These include assessment of exposure to chemical and 

biological hazards in foods, the development and implementation of food and nutrition 

policies and food product development. Since its foundation in the 1960s the Irish 

Universities Nutrition Alliance (IUNA) has carried out a number of extensive food 

consumption surveys of specific subgroups of the Irish population; from the initial 

North/South Ireland Food Consumption Survey  (NSIFCS) to the more recent National 

Pre-school Nutrition Survey. The cross-sectional National Children’s Food Survey 

(NCFS) was designed in 2003 – 2004 to provide quantitative, habitual food 

consumption data in children aged 5 – 12 years. However, this survey is now 

somewhat outdated, hence, the National Children’s Food Survey II was carried out in 

2017 – 2018, using a similar methodology to the NCFS. The NCFS II, assesses the 

current food and nutrient intake of children aged 5 – 12 years and is representative of 

this age group in the population of the Republic of Ireland. It is the most recent 

collection of food consumption data available for children in Ireland and is one of the 

most comprehensive of its kind in Europe.  

The aim of this chapter is to describe the methods and outline the key findings of the 

NCFS II with regard to food and beverage consumption, nutrient intakes, physical 

activity and anthropometry. 
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2.2 Methods 

Analysis for this thesis is based on data from the NCFS II, a cross-sectional study, the 

fieldwork for which was carried out between April 2017 and May 2018 by a group of 

researchers from University College Dublin (UCD) and University College Cork (UCC). 

A sample of 600 children (300 boys, 300 girls) aged 5 – 12 years were randomly 

selected from 28 primary schools throughout the Republic of Ireland. The study was 

funded by the Department of Agriculture, Food and Marine (DAFM) under the 2015 

Food Institutional Research Measure (FIRM) awards. Ethical approval for the NCFS II 

was obtained from the Clinical Research Ethics Committee of the Cork Teaching 

Hospitals and the Human Ethics Research Committee of University College Dublin 

[ECM 4 (aa 07/02/2017)]. 

 

2.2.1 Sampling frame and respondent recruitment 

In line with NCFS, a comprehensive sampling frame was drawn up for the recruitment 

of 600 children from primary schools in the Republic of Ireland using Census 2016 

population data to obtain the distribution of children according to age, gender, social 

class and location (Central Statistics Office, 2017). As per the Census 2016 data, the 

study aimed to recruit approximately 75 pupils from each class year (from junior infants 

to 6th class), made up of 50% girls and 50% boys. The locations of those recruited 

were reflective of the 60% urban and 40% rural population divide. Settlements where 

the population was less than 1,500 were classed as rural, while towns with populations 

of 1,500 people or more were classed as urban. A sample of primary schools was 

established using a database of primary schools available online from The Department 

of Education and Skills (Department of Education and Skills, 2016). These schools 

were stratified according to location, gender served (boys, girls and mixed) and size 

(small; < 200 pupils, medium; 200 – 499 pupil, and large; > 500 pupils). A number of 

disadvantaged (DEIS) schools were also included in the sampling frame in order to 

adequately represent the number of disadvantaged schools within the primary school 

database. All urban schools selected were located in the Cork and Dublin areas and 

all rural schools selected were located outside of these areas. 

An introductory letter and information leaflet about the survey was issued to the 

principal of each selected school via post or email. This was followed up with a phone 
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call and if the principal agreed to participate in the survey, a suitable date and time for 

the coordinating researcher to visit the school were arranged. Two pilot clusters were 

carried out at the beginning of the survey. The response rate from these two schools 

was used to calculate how many information packs should be distributed in order to 

achieve the desired response from subsequent schools. For the initial clusters the 

selection process was random and info packs were distributed evenly by the principal 

among boys and girls in each class year (junior infants, senior infants, first class etc). 

To guard against bias, the principal was instructed to select every second student from 

the roll. When coming to the end of the survey, and if the quota for a certain 

gender/age/location group had been reached, the distribution of info packs was more 

selective in that a particular class, year or gender was excluded as they were no longer 

required. However, the information packs were still randomly distributed amongst the 

other required class years. Of the schools contacted, 80 % agreed to participate in the 

survey. An information pack containing an introductory letter, information brochure and 

a reply slip was issued to selected pupils to bring home to their parents/guardians. If 

the parent/guardian and the selected child were interested in participating they were 

instructed to fill out their contact details on the reply slip and return it to the school. 

Selected children who returned a reply slip were excluded if they were not between the 

ages of 5 and 12 years or if they were the sibling of a child already recruited for the 

survey. A researcher in each centre contacted the parents/guardians of the eligible 

responders to arrange a suitable time and date for a fieldworker to visit. All participants 

and their parents/guardians who agreed to take part signed a written consent form in 

accordance with the Declaration of Helsinki guidelines prior to the commencement of 

the recording period. 

 

2.2.2 Fieldwork visits and data collection 

A 7-day weighed food diary was originally used to collect food and beverage intake in 

the NCFS, however, for the current NCFS II, a 4-day weighed food diary was applied 

for dietary data collection. The rationale behind this change in the study period is the 

invariability between estimated mean intakes over a 4- or 7-day period. In addition, a 

4-day weighed food diary is sufficient for the NCFS II sample size of n=600. A longer 

period of data collection can also affect recruitment and can cause project time 

constraints. Furthermore, the analyses of usual dietary intakes which is the long-term 
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average daily intake of a nutrient or food, enables direct comparisons across the two 

surveys, irrespective of their dietary collection period.  

In the NCFS II, the researcher made three visits to the participants’ homes during the 

fieldwork period. The first visit was dedicated to training each participant to ensure they 

understood how to record their food intake in the food diary and how to use the 

weighing scales. The second visit took place 24 – 36 hours into the recording period 

to review the diary and to check for completeness. Anthropometric measurements for 

both parent and child, and a once off fasted urine sample from the participant were 

also collected during this visit. The final visit was scheduled after the recording period 

to check for diary completeness and collection.  

Participating families were asked to record detailed information regarding the amount 

and types of all foods, beverages and nutritional supplements consumed by the child 

over the 4-day recording period and where applicable, the cooking methods used, 

brand names of the food consumed, packaging size and type, details of recipes and 

leftovers. Additionally, data were collected on the time of the eating or drinking 

occasion, the participant’s definition of the eating or drinking occasion (e.g. morning 

snack, lunch, dinner) and the location of the prepared meal or snack consumed (e.g. 

home, school, takeaway). Food packaging was also collected to provide additional 

information of the foods consumed. 

 

2.2.2.1 Food quantification 

A quantification protocol established by IUNA for the NSIFCS (Harrington et al., 2001) 

was adapted for the NCFS II. The same protocol was utilised for the previous NCFS. 

Weighing – A Portable food scales (Tanita, Japan) was given to each participant. The 

fieldworker gave detailed instructions (including a demonstration) on how to use the 

food scales during the training session. Seventy-six percent of foods consumed were 

weighed directly in the NCFS II. 

Photographic Food Atlas (Foster et al., 2016) was used to quantify 7 % of 

foods/beverages consumed. 

Manufacturer’s Information – Weights of over 11 % of foods/beverages consumed 

were derived from weights printed on food packaging. To facilitate the collection of 
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such data, fieldworkers asked participants to collect all packaging of food and 

beverages consumed in a storage box provided. 

IUNA Portion Sizes Database (Lyons and Giltinan, 2013) – Average portions that had 

been ascertained for certain foods by the IUNA survey team for the NCFS were used. 

This method was used to quantify 1 % of foods/beverages consumed. 

Food Portion Sizes (Crawley, 1994) was used to quantify 2 % of foods/beverages 

consumed. 

Household measures e.g. a teaspoon, tablespoon, pint etc. were used to quantify 1 % 

of foods/beverages consumed. 

Estimated – Food quantities were defined as estimated if the fieldworker made an 

assessment of the amount likely to have been consumed based on their knowledge of 

the participants general eating habits observed during the recording period. Two 

percent of foods/beverages consumed were quantified by estimation. 

 

2.2.2.2 Bio-fluid collection 

A once off fasted urine sample was collected from each participant, usually on the 

second day of the recording period. Overall, urine samples were collected from 96 % 

of participants. The participants were issued a urine collection pack on the first visit. It 

contained written instructions for the parent/guardian and the child, a 60mL sterile urine 

collection container, a medium-sized zip lock bag to store the sample, an ice gel pack 

for cooling the sample, gloves, and a thermal cooler bag. The sample was collected 

from the first void of the day, midstream, taken by the participant prior to the second 

fieldworker visit. Details of the time of collection and the time of freezing were also 

recorded. Samples were frozen on dry ice during transport to both UCC and UCD test 

centres and subsequently stored at -80°C.  

 

2.2.2.3 Anthropometric data collection 

Weight, height, waist and hip were measured for both children and parents by qualified 

nutritionists. Weight was measured in duplicate to the nearest 0.1kg using a Tanita 

Body Composition Analyser BC-420MA weighing scale (Tanita, Japan). Participants 

were weighed whilst wearing light clothing, without shoes and after voiding. Height was 

measured to the nearest 0.1cm, using the Leicester portable height measure 
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(Chasmores Ltd, UK) and with the respondent’s head positioned in the Frankfurt plane. 

Waist and hip circumferences were measured in duplicate to the nearest 0.1cm using 

a non-stretch Seca measuring tape. The waist circumference was taken at the naked 

site where possible. Firstly, the iliac crest (top of the hip) and the bottom of the rib cage 

(10th rib) were identified and marked. Waist circumference was then measured at 

midpoint. The hip measurement was taken over light clothing, at the widest part of the 

buttocks at the level of the greater trochanter.   

 

2.2.2.4 Questionnaires 

The parents/guardians and children were asked to complete four questionnaires. 

Health and Lifestyle Questionnaire: This questionnaire was completed by the 

parent/guardian of the participant and was divided into two sections. The first section 

covered a broad range of details regarding the child, from birth weight and infant 

feeding practices to allergies, dieting practices, parent’s attitudes to their child’s diet, 

nutritional supplement usage, and child minding. The second section consisted of 

information on socio-demographics and the education level of the parents/guardians 

of which social class and education levels were coded.  

Physical Activity Questionnaire: Parents/guardians and/or children completed a 

physical activity questionnaire to assess their levels of habitual physical activity. There 

were two types of physical activity questionnaires issued depending on the age group 

of the child: CPAQ (5 – 8 years) or YPAQ (9 – 12 years). These validated 

questionnaires collected information on the respondents’ participation in approximately 

47 different physical and sedentary activities over a period of 7 days.  

Eating Behaviour Questionnaire: This questionnaire was completed by the 

parents/guardians and examined the eating behaviour of both the parents/guardians 

and children, including neophobia and variety-seeking behaviour of the children. 

Usual Intake Questionnaire: This questionnaire was completed after the recording 

period and during the final fieldwork visit. The participant answered a series of 

questions which identified if their eating habits changed during the 4-day recording 

period.  
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2.2.3 Data processing, entry and analysis 

 

2.2.3.1 Processing of food packaging 

All packaging collected was cross-checked against the food diary and missing 

brands/packaging information were noted. A number of supermarket visits were made 

by the fieldworkers to recover any missing packaging information. All packaging 

information was photographed and entered into the NCFS II Packaging Database to 

document brand, ingredients, nutritional information and packaging type. 

 

2.2.3.2 Diary data processing 

For each food weight, a quantification code was entered into the diaries to provide 

further information on how the food was quantified. Furthermore, all leftovers were 

accounted for to ensure accurate estimations. Food intake data for NCFS II were 

analysed using Nutritics (Nutritics, Dublin, Ireland) which contains data from McCance 

and Widdowson's The Composition of Foods, sixth (Food Standards Agency, 2002) 

and seventh (Finglas et al., 2015) editions. Once entered into Nutritics, the data then 

were exported into the IBM SPSS statistical software (V24.0) package and a food 

composition database was created. The same method applied in the NCFS, but WISP 

(Tinuviel Software, Warrington, UK) was the dietary analysis package utilised. While 

the surveys employed different software packages, both packages contain data from 

the most up-to-date McCance and Widdowson’s The Composition of Foods volumes 

in order to generate nutrient intake data. Modifications were then made to the food 

composition database as necessary to include recipes of composite dishes, nutritional 

supplements, generic foods that were commonly consumed, reformulated foods and 

new foods on the market. The database contains 41,778 rows of data, describing every 

food and beverage item consumed by each participant. For each food and beverage 

consumed, the database records the day of the week it was consumed and the meal 

number in the day, the eating occasion, the time and location of consumption, the 

weight of food/drink consumed, the brand information, packaging type and size, and a 

full nutrient breakdown. Each food was assigned to one of 68 food groups in the 

database. These food groups were previously generated by IUNA and are 

standardised across all IUNA national surveys permitting comparative analysis 
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between different cohorts in Ireland. The groupings are based on a number of factors 

including their overall nutrient profile and associated FBDGs. For the purpose of this 

chapter, the 68 food groups were reduced to 19, broader food groups. The data were 

then aggregated to examine daily intakes of foods and nutrients.  

 

2.2.3.3. Bio fluid processing 

For urine processing, the samples were extracted from their -80°C storage and 

defrosted at room temperature. During this period, a centrifuge was precooled to 4°C 

and set to 1800 RCF. Once the samples were fully defrosted, they were transferred to 

a 50ml conical centrifuge tube using a transfer pipette. The tubes were placed into the 

centrifuge and spun at 1800 RCF for 10 minutes (min) at 4°C. Following this, the 

samples were aliquoted into their allocated micro tubes. Samples for metabolomics 

were stored at -80°C and all other samples were stored at -20°C for analysis of future 

core analyte (sodium and creatinine). 

 

2.2.3.4 Questionnaire data entry  

The NCFS II Questionnaire Coding Manual was used to code all questionnaires. Once 

coded, all questionnaires were entered into DaSurvey (Dazult Ltd, Maynooth, Kildare). 

Dual data entry was carried out to ensure quality, and a rule-based validation process 

was established where only answers from the coding manual were permitted for entry. 

The consolidated data were exported as a CSV file and imported into IBM SPSS 

Statistics (V24). Data from the Health and Lifestyle questionnaire were analysed to 

elucidate the social demographics of child and parent/guardian. In addition, 

determinants of children’s food and snack selection, the motives for various diet and 

lifestyle factors including dental health and bowel movements and any barriers to 

healthy eating were analysed.  

 

2.2.3.5 Anthropometric data processing 

The coding protocol was used for anthropometry questionnaires with additional cut-

offs used to generate additional anthropometric measurements: 
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- Waist-to-hip ratio was calculated from measured waist and hip data. This was 

calculated by dividing waist circumference by hip circumference.  

- Body Mass Index (BMI) Z-scores were calculated from the measured height and 

weight data. Z-scores were calculated using the LMS growth application which 

included access to the UK 1990 growth reference data (Cole, 2012). The scores 

were used to determine body weight status and prevalence of overweight/obesity 

in school-aged children in Ireland.  

- BMI charts were used to compare children’s BMI to the BMI distribution of a 

reference sample of children of the same age (Flegal et al., 2002). Due to the 

absence of age-and-sex-specific BMI charts for an Irish reference population, the 

UK 1990 BMI reference curves for boys and girls (UK90) were used. 

- Published age and sex-specific centile curves for body fat were used to assess 

adiposity (McCarthy et al., 2006). 

- Weight status was defined using the International Obesity Task Force (IOTF) BMI 

cut points (Cole and Lobstein, 2012). 

 

2.2.3.6 Physical activity calculation 

Physical activity data collected from the YPAQ and CPAQ were examined and 

metabolic equivalents (MET) values were calculated. MET is the ratio of a person's 

working metabolic rate relative to their resting metabolic rate and is widely used to 

express the intensity of physical activity. Validated MET calculations specific to 

children between the ages of 5 – 12 years (Harrell et al., 2005; Corder et al., 2009) 

were applied for both resting energy expenditure and physical activity energy 

expenditure. MET values were assigned to the different activities listed in both the 

YPAQ and CPAQ based on the published list contained within the ‘The Compendium 

of Physical Activities’ (Ainsworth et al., 2011).  Data collected in the YPAQ and CPAQ 

were analysed and used to estimate energy expenditure by multiplying duration (in 

min) by the intensity of each reported activity (in METs) over the 4-day reporting period 

to measure the average activity level in METs/minute (Mahabir et al., 2006). This value 

was then multiplied by the participant’s body weight to give an estimation of the total 

daily energy expenditure in kcal.  
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2.2.4 Quality control 

Fieldworkers attended an intensive fieldwork training course held in UCC by the 

management team prior to commencing fieldwork. To minimise the chance of error, 

each fieldworker adhered to detailed standard operating procedures (SOP's) in order 

to standardise the procedures being implemented by all fieldworkers in both centres. 

The SOP's were drawn up during the planning phase of the project and updated as 

necessary following pilot clusters. A detailed diary coding SOP was used to code 

diaries in terms of diary day, meal types etc, it also outlined the hierarchy of food 

quantification methods. All fieldworkers followed a strict food coding protocol which 

consisted of a manual with detailed food descriptions, each assigned to a specific code 

based on the nutritional composition of the food/beverage. The food coding manual 

was regularly updated with any new food codes and used during diary entry into 

Nutritics.  

Once data entry was completed by the fieldworker, all diary entries were rechecked. 

Subsequently, a random selection of 10 % were then rechecked by another 

fieldworker. A months’ worth of quality control was carried out on the exported SPSS 

foodfile database, this was carried out a postdoctoral researcher, where they verified 

each food code utilised in each diary and examined all other variables for outliers.  

A detailed coding manual was developed for the questionnaires, and all questionnaires 

were assimilated using customised questionnaire software (DASurvey, Maynooth, 

Ireland). Correct data entry was ensured by using a dual data-entry method and rules 

based validation processes, where only the answers from the coding manual were 

permitted. All databases were then imported into SPSS and analysed for errors and 

outliers.  

 

2.2.5 Statistical analysis 

Statistical analyses were conducted using SPSS® V24.0 for Windows™ (SPSS Inc. 

Chicago, IL, USA). A weighting adjustment was applied for social class to account for 

non-response bias in the NCFS II prior to any analyses. Descriptive statistics including 

mean and standard deviation were calculated for foods, nutrients, anthropometry and 

physical activity by gender and age. As the calculated mean over a small number of 

days does not adequately represent an individual’s every day consumption (Carriquiry, 
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2003), usual intake data were analysed to ensure more accurate estimates of an 

individual’s nutrient intake. Although some of the data presented were skewed, 

parametric tests were permitted due to the large sample size. Hence, independent 

sample t-tests were utilised to compare nutrient intakes and anthropometry between 

gender and age (P < 0.05). 

 

2.3 Results 

2.3.1 Study population 

Table 2.1 outlines the demographic characteristics of the total population. The overall 

response rate for the survey was 65 %. Analysis of the demographics of this sample 

show it to be a representative sample of the Irish population with respect to age, sex, 

and urban/rural divide when compared to census data (Central Statistics Office, 2012, 

2017). Over half of the parents of the participants who took part were categorised as 

professional workers (53 %) with a high percentage obtaining tertiary level education 

(86 %). Approximately 28 % of all children were reported to take nutritional 

supplements in the NCFS II, similar to that reported in 2005 (25 %) (IUNA, 2019).   

 

2.3.2 Macronutrient and micronutrient intakes 

Mean intakes of energy and macronutrients, and the percentage of total energy (% TE) 

from macronutrients are presented in Table 2.2. Intakes of energy (kcal and kJ) and 

macronutrients (g/day) were significantly higher in boys compared to girls and in 9 – 

12 year olds compared to 5 – 8 year olds. The average daily energy intake was 1487 

kcal. The % TE from protein was 16 % and from carbohydrate was 50 %. Total fat 

intakes contributed to 33 % TE in Irish children, which is within the current 

recommended limit of 35 % TE (EFSA, 2010b). Dietary fibre intakes were reported as 

14g/day, which is at the lower end of the adequate intake levels as recommended by 

EFSA (14 – 19 g/day) (EFSA, 2010a). Observing micronutrients, the intakes were 

higher in boys than in girls for all vitamins and minerals reported (Table 2.3). The 

intakes of most vitamins and minerals were adequate in children. However, a large 

proportion of children have inadequate intakes of vitamin D (94 %) and calcium (37 %), 

and to a lesser extent, iron (20 %) and folate (13 %) (IUNA, 2019). Sodium intakes 

from food sources were 4 g/day. However, sodium estimated from urinary output (data 
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not shown) was reported as 5 g/day, exceeding the maximum daily levels 

recommended for children in some age groups (3g for 5 – 6 year olds; 5g for 7 – 10 

year olds; 6g for 11 -12 year olds).  

 

2.3.3 Food group intakes 

Table 2.4 outlines food group intakes (g/day) in the total population and consumers 

only and the percentage contribution of 19 food groups to intakes of energy and 

macronutrients. The most commonly consumed foods were ‘beverages’, ‘breads and 

rolls’, ‘meat and meat products’ and ‘milk and yogurt’ (> 96 % consumers). In terms of 

energy intake, the greatest contributors were ‘breads and rolls’, ‘meat and meat 

products’, ‘milk and yogurt’ and ‘breakfast cereals’. These foods accounted for 47 % 

of TE intakes. The top two contributors to total fat and protein were ‘meat and meat 

products’ at 20 and 31 %, respectively, and ‘milk and yogurt’ at 12 and 14 %, 

respectively. ‘Breads and rolls’ (21 %), ‘breakfast cereals’ (12 %), ‘grains, rice, pasta 

and savouries’ (11 %) and ‘biscuits, cakes and pastries’ (10 %) were the main 

contributors to carbohydrate intakes. ‘Fruit and fruit dishes’ and ‘vegetables and 

vegetable dishes’ combined account for only 7 % of energy in the diet. These include 

fruit juices and composite dishes.  

  

2.3.4 Anthropometry  

Mean anthropometric measurements and the prevalence of overweight and obesity in 

Irish children are presented in Tables 5 – 7. Mean weight, height and BMI of boys were 

33 kg, 135 cm and 18 kg/m2, respectively, and of girls were 33 kg, 134 cm and 18 

kg/m2, respectively. All anthropometric measurements were similar between genders 

with the exception of % of body fat, with girls’ body fat being approximately 3 % higher 

than boys. This trend was also apparent in 9 – 12 year olds, with girls’ body fat 6 % 

higher than boys. All of the body measurements were significantly higher in 9 – 12 year 

olds compared to 5 – 8 year olds with the exception of waist to height ratio (WHR), 

which displayed a slight decrease in older children, as well as no difference in % of 

body fat. 

Weight status for children in Ireland was measured using the IOTF cut-offs. While a 

high percentage of children were defined as having a normal weight status (78 %), 
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those categorised as overweight and obese were approximately 12 % and 5 % of the 

population, respectively. The combined proportion of girls defined as overweight and 

obese was higher than the combined proportion of boys (19 and 14 %, respectively). 

Across age groups, children aged 9 – 12 years displayed a higher prevalence of 

overweight and obesity than children aged 5 – 8 years (data not shown). 

 

2.3.5 Physical activity 

Table 8 outlines median amounts of time spent by participants in different activities and 

METs for total activity and physical activity by gender. Overall, the median amount of 

time engaged in physical activities was 81 min/day (84 min in boys; 79 min in girls). 

Although 70 % of children met the recommended ≥ 60 min/day of physical activity, 

children spent 254 min/day (approximately 4 hours) displaying sedentary behaviours, 

of which 86 min/day was screen time. Screen time was longer in boys (111 min/day) 

than in girls (72 min/day) by approximately half an hour. Median MET scores for total 

activities and physical activities were 923 and 484, respectively. There were gender 

differences in the total population with boys displaying higher MET scores for total 

activities and physical activities compared to girls.  

 

2.4 Discussion 

The NCFS II provides the most up-to-date and comprehensive data on the nutritional 

status of Irish primary school-aged children. The results from this survey provide 

important information for various stakeholders including food safety bodies and public 

health policy makers. Despite some improvements in nutrient intakes over the last 14 

years, such as a reduction in energy intake and adequate intakes of most vitamins and 

minerals, concerns remain for other dietary intakes. These include suboptimal intakes 

of dietary fibre and some micronutrients, in addition to high salt intakes and low fruit 

and vegetable consumption. One of the most promising findings is the decrease in 

overweight and obesity levels across the total population over the last decade. 

Nevertheless, despite this reduction over time, childhood obesity remains a serious 

public health concern. Considering that dietary patterns can track from childhood into 

adulthood, it is important to combat the current dietary issues presented in Irish 
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children in order to prevent and reduce the risk of numerous diet-related chronic 

diseases such as cardiovascular (CVD), diabetes and obesity.  

Irish children have adequate intakes of macronutrients, similar to the intakes reported 

in UK (Pot et al., 2012; SACN, 2015) and European children (Börnhorst et al., 2014). 

Interestingly, the total fat intakes remained stable over the last decade and well within 

the recommended levels of <35 % TE (EFSA, 2010b). This is reassuring from a public 

health perspective due to the compelling evidence associating high dietary fat intakes 

with chronic diseases such as CVD and obesity (Sanders, 2013; Hooper et al., 2015). 

However, the type of fat is recognised as being more influential to chronic disease risk 

than total fat. Further investigations on total fat and its fatty acid constituents will be 

discussed in detail in later chapters of this thesis. In terms of micronutrients, it appears 

that most vitamin and mineral intakes meet the recommendations. However, 

inadequate levels for folate, iron, calcium and vitamin D intakes were noted. Long term 

deficiencies in these micronutrients can result in adverse health problems such as 

osteoporosis (Nordin, 1997) and anaemia (Szajewska et al., 2010). Dietary fibre 

intakes were also suboptimal in many children surveyed in the NCFS II. Fruit and 

vegetables contribute significantly to dietary fibre intake. Thus, if measures are taken 

to increase fruit and vegetable intake in children (5 – 7 potions per day), fibre intake 

may improve. 

Obesity increases an individual’s risk of developing numerous comorbidities such as 

CVD, gastrointestinal disorders, type 2 diabetes, respiratory problems and cancer, as 

well as a decrease in life expectancy (Taghizadeh et al., 2015; Fruh, 2017). Excess 

adiposity in childhood has been associated with both acute and chronic health risks 

(Layte and McCrory, 2011). In addition, evidence shows that weight status in childhood 

can track into adulthood (Craigie et al., 2011). Positively, decreases in overweight and 

obesity levels have been observed in children since 2005. However, current levels 

remain high at 16 %, with girls’ displaying significantly higher levels than boys (19 and 

14 %, respectively). The causes of obesity are multifactorial, but it usually occurs due 

to an imbalance in energy input versus energy output over an extended period of time 

(Bray et al., 2016). A high percentage of children are successful in meeting the 

recommended target of 60 min of physical activity per day (70 %). However, time spent 

displaying sedentary behaviours exceeds time spent in performing PA. This is 

problematic as long periods of sedentary behaviour has been associated with an 
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increased risk of a number of chronic diseases, including obesity) and CVD (Parsons 

et al., 1999; Leitzmann et al., 2018).  

In conclusion, the preliminary findings of the NCFS II indicate that while some 

improvements in the dietary intakes of nutrients have been made in Irish children since 

2005, many nutritional issues still remain a public health concern today. They 

successfully highlight the areas of public health importance for policy makers in Ireland 

in relation to food and nutrition. Further analysis of the databases will provide a detailed 

and comprehensive insight into nutrient intakes and food consumption patterns of 

school-aged children living in Ireland. This thesis is dedicated to investigating dietary 

fat patterns in children recorded in the NCFS II. Effective strategies within public health 

promotion and policy will also be explored to tackle current dietary fat imbalances in 

the population and reduce the risk of associated diseases in the future. 
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Table 2.1 Demographic and lifestyle characteristics of the total population by gender 

 Total population  Boys  Girls 

Demographics n 600  n 300  n 300 

Age group (%)      

5 - 8 years 50.0  49.7  50.3 

9 - 12 years 50.0  50.3  49.7 

      

Location§ (%)      

Open country/village (≤1499) 39.8  40.3  39.3 

Small town (1500 - 9999) 12.8  13.3  12.3 

Large town (≥10000) 29.0  33.0  25.0 

City (Dublin/Cork) 18.3  13.3  23.3 

      

Social class* (%)      

Professional/managerial/technical 53.2  48.9  57.7 

Non manual workers 20.2  20.5  20.0 

Skilled manual workers 14.7  16.9  12.3 

Semi-skilled/unskilled/students 11.9  13.7  10.0 

      

Parents' Education† (%)      

Intermediate 6.20  7.40  5.00 

Secondary 7.40  8.70  6.00 

Tertiary 86.4  83.9  89.0 

      

Supplement User (%)      

Yes 27.5  26.4  28.7 

No 72.4  73.4  71.3 

Don't know 0.10   0.20   0.00 
n, number; §refers to the number of inhabitants; *excludes 4 missing values; †excludes 4 missing 
values.  
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Table 2.2 Daily energy and macronutrient intakes from all sources† for Irish children aged 5 – 12 years 

 Total Population   Boys  Girls  5 – 8 years  9 – 12 years  

 (n 600)  (n 300)  (n 300)  (n 300)  (n 300)  

  Mean SD   Mean SD   Mean SD P* Mean SD   Mean SD P* 

Energy (kJ) 6256 1157  6664 1176  5880 1001 <0.001 5807 984  6734 1136 <0.001 

Energy (kcal) 1487 275  1583 280  1398 238 <0.001 1380 234  1600 270 <0.001 

CHO (g/d) 197 38.3  209 38.7  186 34.7 <0.001 184 34.2  211 37.6 <0.001 

Total sugar (g/d) 73.7 19.4  77.4 19.6  70.3 18.6 <0.001 71.2 19.1  76.3 19.4 <0.001 

Protein (g/d) 59.6 14.1  64.8 14.8  54.8 11.6 <0.001 55.0 11.8  64.5 14.8 <0.001 

Total fat (g/d) 55.8 12.7  59.2 13.2  52.7 11.3 <0.001 51.6 11.0  60.3 12.8 <0.001 

Dietary fibre (g/d) 14.4 3.51  15.5 3.59  13.4 3.09 <0.001 13.8 3.25  15.1 3.65 <0.001 
                

CHO (%TE) 50.0 4.31  49.8 4.36  50.2 4.26 <0.001 50.2 4.32  49.8 4.30 <0.001 

Total sugar (%TE) 18.7 3.98  18.5 4.06  18.9 3.91 <0.001 19.4 3.99  18.0 3.85 <0.001 

Protein (%TE) 16.2 2.09  16.5 2.14  15.9 2.01 <0.001 16.1 2.06  16.3 2.13 <0.001 

Total fat (%TE) 33.3 3.82  33.2 3.85  33.4 3.80 <0.001 33.1 3.85   33.5 3.78 <0.001 
n, number of participants; SD- standard deviation; CHO, carbohydrates; †All sources including dietary supplements; g/d, grams per day; %TE- percentage of total 
energy; *Independent samples t test for comparison of means between age and gender. 



89 
 

Table 2.3 Daily micronutrient intakes from all sources† for Irish children aged 5 – 12 years 

 Total Population   Boys  Girls  5 - 8 years  9 - 12 years  

 (n 600)  (n 300)  (n 300)  (n 300)  (n 300)  

  Mean SD   Mean SD   Mean SD P* Mean SD   Mean SD P* 

Vitamin A (µg/d) 666 307  702 319  632 291 <0.001 659 303  673 310 <0.001 

Vitamin C (mg/d) 73.1 42.3  74.0 42.7  72.3 41.8 <0.001 72.7 42.2  73.6 42.3 <0.001 

Vitamin D (µg/d) 4.25 3.05  4.44 3.13  4.07 2.97 <0.001 4.42 3.12  4.05 2.97 <0.001 

Vitamin E (µg/d) 6.91 2.92  7.33 3.06  6.52 2.72 <0.001 6.67 2.78  7.17 3.04 <0.001 

Thiamin (mg/d) 1.41 0.42  1.54 0.44  1.29 0.37 <0.001 1.34 0.39  1.48 0.44 <0.001 

Riboflavin (mg/d) 1.59 0.58  1.78 0.59  1.43 0.52 <0.001 1.57 0.56  1.63 0.60 <0.001 

Vitamin B6 (mg/d) 1.51 0.54  1.66 0.56  1.37 0.48 <0.001 1.45 0.51  1.57 0.56 <0.001 

Vitamin B12 (µg/d) 4.63 1.82  5.14 1.88  4.15 1.64 <0.001 4.57 1.78  4.68 1.88 <0.001 

Total niacin equivalents (mg/d) 28.8 7.45  31.6 7.83  26.3 6.11 <0.001 26.9 6.37  30.9 7.97 <0.001 

Total folate (µg/d) 211 65.3  229 67.1  193.9 58.9 <0.001 205 63.4  216 66.9 <0.001 

DFE (µg/d) 253 96.6  276 101  231 87.1 <0.001 248 94.0  258 99.0 <0.001 

Sodium (mg/d) 1657 365  1787 374  1537 313 <0.001 1526 312  1796 367 <0.001 

Potassium (mg/d) 2019 486  2195 494  1858 418 <0.001 1906 440  2141 504 <0.001 

Calcium (mg/d) 791 241  871 243  717 213 <0.001 778 235  804 245 <0.001 

Magnesium (mg/d) 194 47.2  211 48.0  178 40.3 <0.001 183 42.5  206 49.1 <0.001 

Phosphorous (mg/d) 1008 256  1104 259  920 219 <0.001 957 234  1063 267 <0.001 

Iron (mg/d) 8.97 2.44  9.72 2.54  8.28 2.13 <0.001 8.51 2.23  9.47 2.56 <0.001 

Zinc (mg/d) 7.32 2.05   8.05 2.13   6.66 1.73 <0.001 6.97 1.85   7.71 2.18 <0.001 
n, number of participants; SD- standard deviation; µg/d, micrograms per day; mg/d, milligrams per day; *independent samples t test for comparison of means 
between age and gender; DFE, dietary folate equivalents; †All sources including dietary supplements. 
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Table 2.4 Mean daily intakes of food groups for consumers only and the total population and their contribution to mean daily energy and 
macronutrient intakes in 600 Irish children aged 5 – 12 years 

 Consumers only  Total population 

 Intakes g/d  Energy  Protein  Total fat  Carbohydrate 

Food groups % cons Mean SD  kcal/d %  g/d %  g/d %  g/d % 

Grains, rice, pasta & savouries 89 71.5 57.8  127.2 8.69  4.56 8.08  2.89 5.39  21.9 11.2 

Breads & rolls 99 85.7 45.2  215 14.4  7.77 13.2  2.91 5.32  41.9 21.2 

Breakfast cereals  91 57.7 58.4  134 9.05  3.82 6.59  2.08 3.84  24.3 12.3 

Biscuits, cakes & pastries 92 32.3 26.2  133 8.85  2.05 3.59  6.04 10.8  18.8 9.48 

Milk & yogurt 97 234 170  150 10.1  8.25 13.9  6.79 12.3  14.7 7.57 

Creams, ice-creams & desserts 63 24.0 31.8  47.5 3.27  1.02 1.85  2.19 4.03  6.29 3.26 

Cheeses 64 10.9 13.1  39.5 2.67  2.54 4.24  3.19 5.65  0.15 0.08 

Butter, spreading fats & oils 87 7.03 7.1  43.2 2.92  0.05 0.08  4.75 8.49  0.06 0.03 

Eggs & egg dishes 35 9.06 16.1  16.1 1.10  1.20 1.99  1.25 2.16  0.02 0.01 

Potatoes & potato dishes 92 60.4 49.9  81.8 5.50  1.46 2.51  2.72 4.92  13.7 7.03 

Veg & veg dishes 88 51.4 49.3  27.2 1.86  1.39 2.41  0.70 1.26  4.07 2.14 

Fruit & fruit dishes 96 161 116  78.0 5.36  1.13 2.01  0.49 0.89  18.4 9.38 

Fish & fish dishes 42 15.1 34.4  27.9 1.82  2.63 4.02  1.39 2.35  1.31 0.68 

Meat & meat products 98 111 65.4  201 13.5  19.4 31.4  11.2 20.1  7.18 3.73 

Beverages 100 618 323  15.1 0.98  0.08 0.14  0.04 0.08  3.56 1.71 

Sugars, confectionary, preserves & savoury snacks 96 30.7 26.7  126 8.31  1.73 3.06  5.44 9.56  18.5 9.16 

Soups, sauces & miscellaneous foods 79 25.6 41.1  20.7 1.39  0.43 0.74  1.31 2.28  1.97 1.01 

Nutritional supplements 22 18.8 44.7  0.30 0.02  0.00 0.01  0.03 0.06  0.04 0.02 

Nuts, seeds, herbs & spices 11 0.85 4.42   4.20 0.25   0.15 0.24   0.38 0.57   0.06 0.03 
% cons, % consumers. 
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Table 2.5 Mean anthropometric measurements for boys and girls aged 5 – 12 years 

  All  Boys  Girls  

  n† Mean SD  n Mean SD  n Mean SD P* 

All Weight (kg) 596 32.5 11.4  298 32.6 10.5  298 32.5 12.3 0.935 

 Height (m) 596 134 14.7  298 135 14.7  298 134 14.8 0.392 

 BMI (kg/m2) 596 17.5 3.02  298 17.5 2.75  298 17.5 3.30 0.813 

 % body fat 594 20.4 6.43  297 18.9 6.07  297 22.1 6.42 <0.001 

 Waist (cm) 591 59.3 8.23  296 59.7 7.55  295 58.9 8.89 0.264 

 Hip (cm) 591 71.4 9.89  296 71.4 9.15  295 71.4 10.6 0.973 

 WHR 591 0.44 0.04  296 0.44 0.04  295 0.44 0.05 0.514 

              

5 – 8 years Weight (kg) 296 24.6 4.95  147 25.2 5.39  149 23.9 4.41 0.039 

 Height (m) 296 122 8.77  147 123 9.18  149 122 8.35 0.316 

 BMI (kg/m2) 296 16.2 1.67  147 16.5 1.76  149 16.0 1.56 0.018 

 % body fat 296 20.4 4.51  147 20.2 4.50  149 20.6 4.52 0.459 

 Waist (cm) 293 55.0 4.64  145 55.8 5.20  148 54.1 3.86 0.003 

 Hip (cm) 293 64.7 5.44  145 65.3 5.90  148 64.1 4.90 0.082 

 WHR 293 0.45 0.04  145 0.45 0.04  148 0.45 0.03 0.035 

              

9 – 12 years Weight (kg) 300 39.8 10.8  151 38.9 9.71  149 40.7 11.9 0.146 

 Height (m) 300 145 10.0  151 145 10.1  149 145 9.92 0.838 

 BMI (kg/m2) 300 18.6 3.50  151 18.3 3.14  149 19.0 3.83 0.092 

 % body fat 298 20.5 7.80  150 17.8 7.00  148 23.5 7.58 <0.001 

 Waist (cm) 298 63.2 8.77  151 63.0 7.67  147 63.5 9.90 0.579 

 Hip (cm) 298 77.5 9.07  151 76.6 8.12  147 78.4 10.0 0.087 

  WHR 298 0.44 0.05   151 0.43 0.05   147 0.44 0.06 0.664 
†Excludes 4 missing values; n, number of participants; SD- standard deviation; WHR, waist to height ratio; *Independent samples t test for comparison of means 
between gender. 
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Table 2.6 Comparison of mean anthropometric measurements between age groups 

  All  5 – 8 years  9 – 12 years  

  n† Mean SD  n Mean SD  n Mean SD P* 

All Weight (kg) 596 32.5 11.4  296 24.6 4.95  300 39.8 10.8 <0.001 

 Height (m) 596 134 14.7  296 122 8.77  300 145 10.0 <0.001 

 BMI (kg/m2) 596 17.5 3.02  296 16.2 1.67  300 18.6 3.50 <0.001 

 % body fat 594 20.4 6.43  296 20.4 4.51  298 20.5 7.80 0.751 

 Waist (cm) 591 59.3 8.23  293 55.0 4.64  298 63.2 8.77 <0.001 

 Hip (cm) 591 71.4 9.89  293 64.7 5.44  298 77.5 9.07 <0.001 

 WHR 591 0.44 0.04  293 0.45 0.04  298 0.44 0.05 <0.001 

              

Boys Weight (kg) 298 32.6 10.5  147 25.2 5.39  151 38.9 9.71 <0.001 

 Height (m) 298 135 14.7  147 123 9.18  151 145 10.1 <0.001 

 BMI (kg/m2) 298 17.5 2.75  147 16.5 1.76  151 18.3 3.14 <0.001 

 % body fat 297 18.9 6.07  147 20.2 4.50  150 17.8 7.00 0.001 

 Waist (cm) 296 59.7 7.55  145 55.8 5.20  151 63.0 7.67 <0.001 

 Hip (cm) 296 71.4 9.15  145 65.3 5.90  151 76.6 8.12 <0.001 

 WHR 296 0.44 0.04  145 0.45 0.04  151 0.43 0.05 <0.001 

              

Girls Weight (kg) 298 32.5 12.3  149 23.9 4.41  149 40.7 11.9 <0.001 

 Height (m) 298 134 14.8  149 122 8.35  149 145 9.92 <0.001 

 BMI (kg/m2) 298 17.5 3.30  149 16.0 1.56  149 19.0 3.83 <0.001 

 % body fat 297 22.1 6.42  149 20.6 4.52  148 23.5 7.58 <0.001 

 Waist (cm) 295 58.9 8.89  148 54.1 3.86  147 63.5 9.90 <0.001 

 Hip (cm) 295 71.4 10.6  148 64.1 4.90  147 78.4 10.0 <0.001 

  WHR 295 0.44 0.05   148 0.45 0.03   147 0.44 0.06 0.148 
†Excludes 4 missing values; n,number of participants; SD- standard deviation; WHR, waist to height ratio *independent samples t test for comparison of means 
between age groups. 
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Table 2.7 The prevalence (%) of overweight and obesity in Irish children aged 5 – 12 years 
as defined using IOTF cut-offs* in the NCFS II 

 Total population  Boys Girls 

 (n 596) (n 298) (n 298) 

  % 

Thin 5.3 3.3 7.3 

Normal weight 78.3 82.8 73.6 

Overweight and obese 16.4 13.9 19.2 

of which    

      overweight 11.7 10.4 13.2 

      obese 4.7 3.5 6.0 
*Extended international (IOTF) body mass cut-offs for thinness, overweight and obesity (Cole & 
Lobstein, 2012). 

 

 

 

 

 

 

Table 2.8 Median time spent participating in physical activity and sedentary behaviours and 
metabolic equivalents (METs) for total and physical activity in Irish children aged 5 - 12 years 

 Total population Boys  Girls 

 (n 597) (n 299) (n 298) 

  Median (min/day) 

Activities    

Physical activities  81 84 79 

Sedentary behaviours 254 250 259 

of which    

      screen time 86 111 72 

MET†    

Total activity 923 970 860 

Physical activity 484 514 450 
†Multiples of resting metabolic rate x minutes per day. 
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Dietary fat intakes and compliance with recommendations in 

Irish children – changes between 2005 and 2019 
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Abstract 

Background Imbalances in dietary fat are associated with an increased risk of a 

number of chronic diseases. In 2005, children in Ireland successfully achieved the 

targeted goals for total fat and trans fat intakes, whereas improvements to the intakes 

of saturated fatty acids (SFA) and a number of unsaturated fatty acids were required.  

Objective To examine the current dietary fat intakes and compliance in Irish children 

and to examine changes in intakes over time. 

Methods Analyses were based on data from the Irish National Children’s Food Survey 

II (NCFS II, 2019), a cross sectional study that collected detailed food and beverage 

intake data from a national representative sample of 600 children aged 5 – 12 years. 

The current intakes were compared with those reported in the previous survey, the 

National Children’s Food Survey (NCFS, 2005; www.iuna.net). Usual intake 

distribution was applied were appropriate and was estimated using the National 

Cancer Institute (NCI) method. 

Results The current intakes of total fat, SFA, monounsaturated fatty acids (MUFA), 

polyunsaturated fatty acids (PUFA) and trans fat as a percentage of total energy (% 

TE) is 34, 14, 14, 6 and 0.5 %, respectively. Total fat, SFA and trans fat intakes 

remained stable over time, displaying minor decreases of 0.4, 0.5 % and 0.02 %, 

respectively, since 2005. Adherence to national guidelines remained low for SFA (7 

%), as well as PUFA (71 %) and eicosapentaenoic acid (EPA) and docosahexaenoic 

acid (DHA) (16 %).  

Conclusion Children in Ireland continue to meet the total fat and trans fat targeted 

goals. However, deviations for some fats remain, in particular SFA. These findings will 

be useful for the development of dietary strategies but further investigation is 

necessary to improve compliance with national recommendations. 
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3.1 Introduction  

Dietary fat is an essential macronutrient in our diet and plays an important role within 

the body. It acts as an energy substrate, facilitates the absorption of fat-soluble 

vitamins, is a vital component of cell membranes, and provides protection and 

insulation of internal organs (Calder, 2011; Berg et al., 2012). Nevertheless, 

imbalances in the amount and types of dietary fat consumed have been associated 

with an increased risk of chronic diseases such as cardiovascular disease (CVD), type 

2 diabetes mellitus (T2DM) and even some cancers (Schwab et al., 2014).  Although 

presented later in life, many of these chronic diseases stem from prolonged unhealthy 

eating habits and dietary behaviours that may have developed in childhood (Birch et 

al., 2007).  

The evidence surrounding dietary fat and its association with chronic disease risk is 

widely recognised and accepted, with global and national health organisations 

establishing dietary fat guidelines to aid public health policies combat these risks (Food 

and Agriculture Organisation of the United Nations [FAO], 2010; European Food Safety 

Authority [EFSA], 2010; Scientific Advisory Commitee on Nutrition [SACN], 2019). 

Although adult dietary guidelines are easily comparable between countries, dietary 

recommendations specific to children are not so clear. Recommendations differ by cut-

offs and age ranges used for children across countries and organisations. This creates 

challenges when assessing dietary intakes in children and drawing comparisons. 

Globally, the FAO and World Health Organisation (WHO) recommend that total fat 

intakes should be 25 – 35 % of TE in children from 2 years of age (FAO, 2010). They 

also recommend SFA and trans fat should be less than 8 % and 1 % of TE, 

respectively, whereas PUFA should be more than 11 %. While EFSA have set a similar 

range for total fat intakes in children from 4 years at 20 – 35 % of TE, they suggest 

SFA and trans fat should be as low as possible (EFSA, 2010).  

Of the guidelines established, many studies have shown that children’s dietary fat 

intakes rarely meet the recommendation at a population level. Harika et al. (2011) 

undertook a comprehensive review comparing dietary fat intakes in children and 

adolescents across thirty countries worldwide, revealing that 90, 93 and 70 % of 

countries surveyed did not meet the recommendations for total fat, SFA and PUFA, 

respectively. Limited data were available for trans fat but of the five countries that 

reported trans fat intakes, only three were below the WHO recommendation of less 
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than 1 % of TE (WHO, 2003). These compliance rates are similar to those reported in 

Irish children in 2005 (Joyce et al., 2009). A greater compliance in Irish children was 

noted for total fat (88 %), whereas SFA and PUFA adherence were low, at 6 and 47 

%, respectively, and data were not reported for trans fat. Such deviations have led to 

a number of public health campaigns and government-industry partnerships to help 

improve consumers’ dietary fat profile (Safefood, 2017; Food Standards Agency, 

2018). For example, reformulation approaches have been carried out to reduce trans 

fat intakes in the Irish population (Food Safety Authority of Ireland [FSAI], 2016). 

Since it is unknown whether these initiatives have successfully influenced children’s 

fat consumption, it is essential to examine their dietary intakes to assess compliance 

with current dietary guidelines and compare with previous recorded intakes. This will 

help to identify gaps and to subsequently develop focused interventions for those at 

high risk of developing poor dietary habits (van der Velde et al., 2019). Therefore, the 

aim of this study was to examine the current intakes of and compliance with 

recommendations for total fat and fatty acid constituents, and to compare data with 

previous intakes to examine changes over time.  

 

3.2 Methods  

3.2.1 Study design and populations 

The analysis is based on data from two cross-sectional national nutrition surveys that 

examined the habitual food and beverage intake of Irish children. The NCFS (2005) 

and the NCFS II (2019) comprise of data from 594 (293 boys, 301 girls) and 600 (300 

boys, 300 girls) children, respectively, aged 5 - 12 years and residing in the Republic 

of Ireland (IUNA, 2005, 2019). Ethical approval was obtained from the University 

College Cork Clinical Research Ethics Committee of the Cork Teaching Hospitals and 

the Human Ethics Research Committee of University College Dublin [ECM 4 (aa 

07/02/2017)] and the surveys were conducted in accordance with the Declaration of 

Helsinki guidelines. Recruitment was carried out for the NCFS between March 2003 

and March 2004 and for the NCFS II between April 2017 and May 2018. The overall 

response rates for the NCFS and NCFS II were 63 and 65 %, respectively. There were 

no exclusion criteria aside from being a sibling to another participant. Analysis of the 

demographic features in both surveys demonstrated a representative sample of Irish 



101 
 

children with respect to age, gender and geographical location (Central Statistics Office 

[CSO], 2003, 2012, 2017). While not required for the NCFS as it was representative 

for social class, a weighting adjustment was applied for social class in the NCFS II to 

account for non-response bias. 

 

3.2.2 Data collection 

A 7-day (NCFS) and 4-day (NCFS II) weighed food diary was used to collect food and 

beverage intake data. Participants were visited by a researcher in their home on 

approximately three occasions during the recording period. Training was given during 

the initial visit to ensure accuracy of the food records. They were asked to record 

detailed information regarding the amount and types of all food and beverage intake, 

including nutritional supplements consumed. The same food quantification protocol 

was used in both surveys. Additional information such as cooking methods, brand 

names of foods, recipe details, eating locations and participant definitions of eating 

occasions, was recorded. The remaining visits were to review the food diary and check 

for survey completeness.  

Food intake data in the NCFS were analysed using WISP© (Tinuviel Software, 

Anglesey, UK). WISP© contains data from McCance and Widdowson's The 

Composition of Foods, fifth (Holland et al., 1995) and sixth (Food Standards Agency, 

2002) editions plus all nine supplemental volumes (Holland et al., 1988, 1989, 1991, 

1992; Holland et al., 1993; Holland et al., 1996; Chan et al., 1994; Chan et al., 1995; 

Chan et al., 1996) to generate nutrient intake data. In the NCFS II, food intake data 

were analysed using Nutritics (Nutritics, Dublin, Ireland) which contains data from 

McCance and Widdowson's The Composition of Foods, sixth (Food Standards 

Agency, 2002) and seventh (Finglas et al., 2015) editions. Food composition 

databases were generated from each survey, listing each individual food item 

consumed by participants. Each food item was listed with its corresponding nutrient 

composition. Modifications were made to the food composition database to include 

recipes of composite dishes, nutritional supplements, generic Irish foods that were 

commonly consumed, reformulated foods and new foods on the market.  
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3.2.3 Estimation of fatty acid composition 

Updates were required for the fatty acid composition of certain foods contained in the 

NCFS and NCFS II food intake databases, due to outdated concentrations of certain 

fatty acids. The databases were updated by means of a comprehensive methodology 

providing reliable estimates of dietary intakes of the fatty acids. A similar protocol was 

utilised in previous Irish national surveys (Leite et al., 2010). An SPSS database was 

created containing all foods consumed, including recipes. Each food was assigned a 

unique food code. All food codes, including recipes, were examined and a fatty acid 

concentration was assigned to each. A number of data sources were used to update 

the concentrations such as published food composition tables (56.8 %), published 

papers (1.2 %) and brand information (0.8 %) (Food Standards Agency, 2002; Leite et 

al., 2010; Finglas et al., 2015; United States Department of Agriculture [USDA], 2019; 

National Institute for Health and Welfare, 2019; Food Institute Technical University of 

Denmark, 2019).  

 

3.2.4 Calculating fatty acid intakes in Irish children 

Total fat, SFA, MUFA, PUFA, omega 6 (n-6), omega 3 (n-3), EPA) DHA and trans fat 

values [grams (g)/100g] were estimated in 1945 foods and recipes for NCFS (2005) 

and 2046 foods and recipes for NCFS II (2019). Alpha-linolenic acid (ALA) values were 

not available for NCFS. Therefore ALA values were only estimated for NCFS II. All 

entries were rechecked by the researcher and, subsequently, a random selection was 

rechecked by another researcher to reduce the chance of error. Each fatty acid 

concentration was converted from g/100g of food to the actual amount of fatty acid 

consumed per day (g/day). Usual intakes of nutrients were estimated using the 

validated NCI method (Tooze et al., 2010) with SAS Enterprise Guide© software, 

version 7.1   

(www.riskfactor.cancer.gov/diet/usualintakes/macro.html). 

 

3.2.5 Statistical analysis 

Statistical analyses were conducted using SPSS® V24.0 for Windows™ (SPSS Inc. 

Chicago, IL, USA). Descriptive statistics including mean and standard deviation were 
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calculated in both surveys for daily total fat, SFA, MUFA, PUFA, n-6, n-3, trans fat, 

ALA, EPA and DHA intakes (g/day and %TE) for the total population and by gender 

and age. Independent sample t-tests were performed to compare fatty acid intakes 

between survey, gender and age and were adjusted using the Bonferroni correction 

method for multiple comparisons. Compliance with UK (Department of Health [DOH], 

1991; 1994; SACN, 2019) and EFSA (EFSA, 2010) dietary fat intake recommendations 

was assessed using the approach described by Wearne and Day (1999). Each food 

was aggregated into one of 26 food groups, based either on its predominant fat profile 

or associated food-based dietary guidelines (Appendix i; Table 1; Li et al., 2016). The 

percentage contribution of each food group to total fat and fatty acid constituents was 

then calculated. Significance for all statistical analyses was classified as P ≤ 0.05.  

 

3.3 Results 

3.3.1 Intakes of dietary fat  

Table 3.1 presents the mean intakes of total fat and constituent fatty acids (g/day and 

% TE) from the NCFS II in 2019. Intakes of total fat, SFA, MUFA and trans fat (% TE) 

in the total population were 33.3, 14.0, 13.6 and 0.5 %, respectively. The % TE from 

PUFA was 5.5 %, of which 3.6 % was contributed by n-6 and 0.7 % by n-3. Within n-3 

fatty acids, ALA, EPA and DHA were 0.6, 0.03 and 0.04 %, respectively. Significant 

differences between gender and age were also identified across all fatty acids in g/day 

and % TE (P < 0.001). 

Comparisons between intakes of total fat and constituent fatty acids (g/day and % TE) 

in the NCFS (2005) and NCFS II (2019) are displayed in Table 3.2. Overall, no changes 

were apparent for intakes of total fat, which remained consistent between 2005 and 

2019. Intakes of SFA and trans fat decreased slightly from 14.5 to 14.0 % and 0.53 to 

0.51 %, respectively, whereas MUFA, PUFA, n-6, n-3, EPA and DHA presented 

significant increases of 2.1, 0.6, 0.5, 0.1, 0.02 and 0.02 %, respectively. Similar trends 

were observed across gender and age groups as noted in the total population 

(Appendix i; Table 2).  

 



104 
 

3.3.2 Percentage contribution of food groups to dietary fat 

The percentage contribution of food groups to dietary fat is presented in Tables 3.4 

and 3.5. In 2019, ‘meat products’, ‘biscuits cakes, pastries and buns’ and ‘whole milk’ 

were among the top sources of total fat, SFA and MUFA, collectively contributing to an 

overall 31.5, 27.9, and 27.3 %, respectively. Whilst similar in 2005, these collective 

contributions from the food groups were slightly higher at 38.0, 32.3, and 31.3 %, 

respectively (Table 3.4). The top contributors of PUFA in both 2005 and 2019 were 

‘breads and rolls’ (10.9 %) and ‘meat products’ (9.8 %). Current major food sources of 

EPA and DHA are ‘fish, fish products and fish dishes’ (25.3 %), ‘fresh meat’ (19.3 %) 

and ‘whole milk’ (11.8 %), consistent with the main sources in 2005 (Table 3.5). 

Currently, nutritional supplements featured as a source of EPA and DHA. However, 

they did not make a substantial contribution to intakes (1.9 %). Primary sources of 

trans fat intakes were ‘meat dishes’, ‘whole milk’ and ‘cheeses’ in 2005 and 2019 with 

overall contributions from these food sources increasing from 33.1 to 38.7 % over time. 

‘Meat products’ (10.9 %) is the greatest contributing food group to ALA intakes in 2019, 

as well as ‘spreading fats and oils’ (10.1 %). Of note, significant reductions in the 

contribution of dairy products to fatty acids are observed from 2005 to 2019, particularly 

for ‘whole milk’, ‘low-fat spreads’ and ‘ice-cream and creams’. Despite these 

reductions, ‘whole milk’ still remains one of the top contributors across the majority of 

fatty acids, contributing between 6.9 and 15.5 % of TE of total fat, SFA, MUFA, EPA, 

DHA and trans fat intakes. In contrast, ‘low fat, skimmed and fortified milks’, ‘cheeses’ 

and ‘butter’ presented significant increased contributions, ranging from 0.1 to 14.4 %. 

Furthermore, the contribution of ‘biscuits, cakes, pastries and buns’ also significantly 

increased across all fatty acids over time. 

 

3.3.3 The percentage of Irish children adhering to dietary fat recommendations  

The percentage of the total population of children adhering to dietary fat 

recommendations (% TE) for each fatty acid is illustrated in Figure 3.1. In 2005, a high 

level of compliance with the recommendations for total fat (100 %) and trans fat (100 

%) was observed, which continued in 2019. Compliance with MUFA recommendations 

has shown improvements from 81 to 100 %. SFA adherence in 2005 was low at 4 %. 

Although the level has somewhat improved, the current rate still remains low at 7 %. 

The proportion of children meeting PUFA recommendations is 71 % in 2019, an 
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increase of 36 % since 2005. Adherence to EPA and DHA recommendations in the 

overall population increased from 2 to 16 % between 2005 and 2019. When stratified 

by gender, compliance across all fatty acids examined is similar to that reported in the 

total population (data not shown). 

 

3.4 Discussion 

Over the last 14 years, improvements to the overall dietary fat profile in Irish children 

have been observed. The current findings presented in this chapter demonstrate that 

Irish children continue to achieve total fat and trans fat recommendations (100 %), 

while adherence to MUFA recommendations has successfully improved to 100 % since 

2005. Increases in compliance were also observed for SFA, PUFA, EPA and DHA. 

However, despite these improvements, deviations from the recommendations for SFA 

(7 %), PUFA (71 %), and EPA and DHA (16 %) still remain. 

Changes in the dietary fat intakes of Irish children in the current study are in line with 

those observed in other European countries (Pot et al., 2012; Libuda et al., 2014). In a 

cross-sectional study of German children that examined dietary fat intakes over a ten 

year period, a slight decrease in total fat and SFA were noted (0.08 and 0.05 % per 

annum, respectively), whilst MUFA and PUFA intakes remained stable (Libuda et al., 

2014). The authors noted that compliance with SFA and PUFA recommendations was 

extremely low, similar to the findings in the current analysis where only 7 and 71 % of 

Irish children are meeting the recommendations for SFA and PUFA, respectively. In 

contrast, temporal trend analysis carried out in a cohort of Chinese children observed 

dietary fat intakes steadily increased from 1991 – 2009, as well as the proportion of 

energy from fat (Cui and Dibley, 2012). The authors suggest that these increases may 

be the result of an accelerated nutrition transition to a high-fat, Western diet. However, 

it is important to note that these data were collected over 10 years ago. Hence, dietary 

fat intakes may have since changed further. 

SFA intakes in Irish children (14 %) are in line with those reported elsewhere in Europe 

and America (EFSA, 2010; U.S. Department of Health and Human Services and 

USDA, 2015). The highest SFA intakes in Europe are found in Danish girls aged 4 – 5 

years at 16 %, whereas Italian males aged 7 – 9 years have the lowest intakes at 9.4 

% (EFSA, 2010). A comprehensive review examining compliance to dietary fat intake 

recommendations by children across the WHO European region found that children in 
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all eighteen countries examined exceed the WHO SFA recommendation of less than 

10 % TE (Rippin et al., 2019). SFA compliance in neighbouring UK children was 

reported by Pot et al. (2012) who demonstrated that the proportion of children aged 4 

– 10 years meeting the then UK SFA guideline of less than 11 % TE was 14 %. 

Although this is higher than the compliance rate reported in Irish children (7 %), it 

remains extremely poor. Moreover, if the authors examined SFA compliance based on 

current SFA cut-offs (less than 10 %), compliance would undoubtedly be lower in UK 

children. The evidence linking elevated SFA intakes to CVD risk is irrefutable and the 

extreme low levels of SFA compliance observed in children across the globe highlights 

the severity of the issue. Therefore, it is imperative that strategies are delivered to 

ensure SFA levels are reduced in children, thus supporting the prevention of CVD and 

other chronic diseases. 

The main food sources of SFA in Irish children continue to be ‘whole milk’, ‘biscuits, 

cakes, pastries and buns’, ‘meat products’ and ‘cheeses’, which are similar to the food 

sources of SFA in Irish adolescents, as well as ‘sugars, confectionary and preserves’ 

(Joyce et al., 2009). In addition to ‘cheeses’ and ‘meat products’, the top sources 

contributing to Irish adult SFA intakes include ‘fresh meat’ and ‘spreading fats and oils’ 

(Li et al., 2016). Dairy and meat products are among the overall top contributors of 

SFA across many European countries and the US, which is in agreement with the 

current findings (Reedy and Krebs-Smith, 2010; Vyncke et al., 2012; Eilander et al., 

2015). Despite a 9 % reduction in SFA from whole milk since 2005, it remains the top 

contributor to SFA intakes in Irish children. Nevertheless, this decrease observed in 

the contribution of whole milk and the increase observed in low-fat milk across all fatty 

acids may reflect a change in dietary habits. Potentially, adherence to dietary 

guidelines advocating the consumption of low-fat over whole milk has improved. 

Although, given the body of evidence in support of the dairy food matrix, whereby 

interactions between its food components are thought to potentially alter the properties 

of the nutrients, SFA from dairy products may not be a cause for concern as emerging 

evidence suggests it could be beneficial in terms of cardiovascular health (Thorning et 

al. 2017). On balance, intakes of overall milk have reduced and whole milk intakes 

have not been compensated for despite increases in low-fat milk, which could have 

implications for intakes of other nutrients such as calcium and iodine (IUNA, 2019). 

The current intakes of trans fat have decreased by 0.02 % TE since 2005 and remain 

within the recommendation of less than 2 % (DOH, 1994; SACN, 2019). Few countries 
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provided data for trans fat in children; of the countries that have (n = 4), intakes ranged 

between 0.6 – 1.8 % of TE (EFSA, 2010), which is higher than the 0.5 % reported in 

the present study but still within the general recommendation. As expected, the main 

contributions to trans fat in the diet of Irish children are derived from animal-based 

products such as dairy and meat. However, an increase in the contribution of ‘biscuits, 

cakes, pastries and buns’ has resulted in this food group becoming the 4th contributor. 

While there is the possibility that the trans fat composition of these food products has 

increased, the considerable efforts over the years to reduce industrial sources of trans 

fat in Ireland deem this unlikely (FSAI, 2016). As the increase is reflected across all 

fatty acids, it is more likely due to increases in the consumption of these products. 

The intakes of PUFA in Irish children (5.6% TE) is similar to reported European intakes 

(4 – 9 % TE) (EFSA, 2010) and, although the adherence level to PUFA intake 

recommendations has increased from 60 to 71 %, further improvement is warranted. 

EPA and DHA intakes (105 mg/day combined), which includes supplemental intake, is 

considerably lower than EFSA’s recommended adequate intake of 250 mg/day (EFSA, 

2010). Similar low adherence was found in children from other European countries 

such as France (6 – 10 years; 154 mg/day), Belgium (4 – 6 years; 75 mg/day) and 

Germany (4 – 12 years; 62 – 85 mg/day) (Sioen et al., 2007; Sichert-Hellert et al., 

2009; Guesnet et al., 2019). Given the health benefits of EPA and DHA such as 

supporting brain function and cognitive development in children (Uauy and Dangour, 

2006), as well as their potential role in CVD prevention (Guesnet and Alessandri, 

2011), this pattern of low adherence to EPA and DHA guidelines may signify a greater 

global issue of insufficient n-3 intakes in children. The two major contributors of EPA 

and DHA intakes in the current study were ‘fish, fish products and fish dishes’ and 

‘fresh meat’, which are in line with the main contributors reported in Irish adults (Li et 

al., 2016), as well as those reported in the UK (Pot et al., 2012) and other countries 

(Sioen et al., 2007; Rahmawaty et al., 2013; Australian Bureau of Statistics [ABS], 

2014; Guesnet et al., 2019). However, the consumption of these foods, in particular 

fish, is typically below the recommended dietary guidelines (Sichert-Hellert et al., 2009; 

Kranz et al., 2017). This can be due to cultural food practices and preferences, 

denoting that other dietary sources may be required to increase EPA and DHA intakes.  

The total fat intakes in Irish children is 33 % TE, with no significant changes in intake 

noted since 2005. These intakes are similar to the total fat intakes reported in children 

and adolescents across Europe, which range between 28 – 42 % (EFSA, 2010). Rippin 
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et al. (2019) found that total fat compliance was particularly poor in Europe, as children 

in only two of eighteen European countries examined displayed intake levels below the 

recommended WHO maximum value of ≤ 30 % TE. Furthermore, in the UK, only 47 % 

of children complied with older UK recommendations of total fat intake (≤ 33 % TE) 

(Pot et al., 2012). However, as the current cut-off stands at ≤ 35 % TE, increases in 

the percentage of UK children complying with the current recommendation is likely 

(DOH, 1991; 1994; EFSA, 2010). It is worth noting that if the UK or WHO guidelines 

were used as the cut-off in the current study, the mean intake of total fat in Irish children 

would exceed both recommendations. Despite these challenges of comparing global 

dietary fat intakes in children, poor compliance of dietary fat recommendations remain 

a universal issue, irrespective of the recommended intake. While developing universal 

recommendations might seem appropriate in order to compare dietary intakes across 

countries and diverse populations, it is imperative that guidelines are culturally 

accepted and practical to implement. Hence, universal guidelines may not be an 

effective approach. 

The strength of the current analysis is the high quality of dietary data derived from 

weighed food records collected for both national food consumption surveys. 

Furthermore, data were obtained from current food composition tables and databases, 

brand information and published papers to ensure the most up-to-date fatty acid 

concentrations were assigned to all foods contained in the food consumption database 

and to achieve the most accurate estimates of fatty acid intake. While the food groups 

were aggregated based on their fat profile and associated FBDG, some groups are 

broader than others. For example, the food group ‘other’ contains an assortment of 

foods such as rice, pasta, flours, grains, beverages, nuts and seeds, fruit, vegetables, 

other milk and milk-based beverages. This is a limiting factor when attempting to 

distinguish the exact foods contributing to dietary fat intake. Thus, additional 

disaggregation may be needed to further explain where dietary fat is coming from. 

Further considerations to assess the concept of usual intakes in this paper also 

provided more accuracy for estimated nutrient intakes as the standard calculated mean 

over a small number of days does not adequately represent an individual’s every day 

consumption (Carriquiry, 2003). While using this method generated many statistically 

significant differences, some are of little practical or clinical significance. In addition, 

due to the self-reporting nature of these dietary assessments, this study may be limited 

to under-reporting. Albeit the levels of under-reporting have decreased from 33 % in 
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2005 to 20 % in 2019 (data not shown), under–reporters were not excluded from the 

analysis. Both cohorts were representative across most demographic factors and 

statistical weighting was applied to account for non-response bias where appropriate. 

Although the methodologies in both surveys are equivalent due to their cross-sectional 

design, the comparative data is limited for evaluating the effectiveness of public health 

initiatives compared with longitudinal trend analysis.  

In conclusion, improvements have been made to the dietary fat profile of Irish children 

over the last number of years, with compliance with total fat recommendations 

remaining constant. Nevertheless, while progress has been made, adherence to SFA, 

PUFA, EPA and DHA guidelines remains inadequate and, therefore, improvements to 

the quality of dietary fat intakes need to be addressed. In the past, food reformulation 

has played a significant role in the success of limiting the consumption of trans fat. 

Hence, further considerations to reformulate foods could have a positive impact on 

fatty acid intakes, particularly in the context of SFA and PUFA. Considerations should 

also be made to promote foods containing more favourable dietary fat patterns. 

However, caution is warranted when considering strategies to promote individual 

nutrient recommendations and perhaps a holistic dietary approach would be more 

effective. 
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Table 3.1. Intakes of total fat intake (g/d, mg/d and % TE) and its constituent fatty acids in Irish children in 2019 

 2019 

    Gender   Age 

 Total population  Boy   Girl   5- 8 years  9- 12 years  

 (n600)  (n300)  (n300)    (n300)  (n300)   

  Mean  SD   Mean  SD   Mean  SD P*   Mean  SD   Mean  SD P* 

Total fat (g/d) 55.8 12.7  59.2 13.2  52.7 11.3 <0.001  51.6 11.0  60.3 12.8 <0.001 

SFA (g/d) 23.4 5.59  24.7 5.75  22.2 5.18 <0.001  22.1 5.20  24.8 5.67 <0.001 

MUFA (g/d) 22.9 5.55  24.4 5.83  21.5 4.89 <0.001  20.8 4.67  25.1 5.57 <0.001 

PUFA (g/d) 9.28 2.47  9.95 2.63  8.67 2.13 <0.001  8.51 2.09  10.1 2.57 <0.001 

n-6 (g/d) 6.00 1.59  6.49 1.69  5.55 1.35 <0.001  5.45 1.32  6.59 1.65 <0.001 

n-3 (g/d) 1.23 0.39  1.29 0.41  1.18 0.36 <0.001  1.15 0.35  1.33 0.41 <0.001 

Trans fat (g/d) 0.84 0.28  0.88 0.29  0.80 0.27 <0.001  0.80 0.27  0.88 0.29 <0.001 

ALA (g/d) 0.99 0.31  1.05 0.33  0.94 0.29 <0.001  0.91 0.27  1.08 0.33 <0.001 

EPA (mg/d) 41.7 32.5  45.6 35.7  38.1 28.8 <0.001  39.2 29.2  44.3 35.5 <0.001 

DHA (mg/d) 63.7 50.5  68.6 54.8  59.2 45.9 <0.001  61.1 46.6  66.5 54.3 <0.001 

                 

Total fat (%TE) 33.3 3.83  33.2 3.85  33.4 3.80 <0.001  33.1 3.85  33.5 3.78 <0.001 

SFA (%TE) 14.0 2.15  13.9 2.15  14.2 2.14 <0.001  14.2 2.17  13.8 2.12 <0.001 

MUFA (%TE) 13.6 1.79  13.6 1.82  13.6 1.77 <0.001  13.3 1.77  13.9 1.77 <0.001 

PUFA (%TE) 5.55 0.98  5.58 1.00  5.52 0.97 <0.001  5.49 0.97  5.62 0.99 <0.001 

n-6 (%TE) 3.58 0.61  3.64 0.62  3.52 0.59 <0.001  3.50 0.59  3.66 0.62 <0.001 

n-3 (%TE) 0.74 0.18  0.72 0.18  0.75 0.18 <0.001  0.74 0.18  0.74 0.18 <0.001 

Trans fat (%TE) 0.51 0.14  0.50 0.14  0.51 0.15 <0.001  0.51 0.15  0.50 0.14 <0.001 

ALA (%TE) 0.61 0.16  0.60 0.16  0.61 0.16 <0.001  0.60 0.16  0.62 0.16 <0.001 

EPA (%TE) 0.03 0.02  0.03 0.02  0.02 0.02 <0.001  0.03 0.02  0.03 0.02 <0.001 

DHA (%TE) 0.04 0.03   0.04 0.03   0.04 0.03 <0.001   0.04 0.03   0.04 0.03 <0.001 
n- number of participants; SD- standard deviation; g/d, grams per day; %TE- percentage of total energy; *independent samples t test for comparison of means between gender and 
age, adjusted P value using Bonferroni correction method for multiple comparisons was also utilised; SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, 
polyunsaturated fatty acid; n-6, omega 6; n-3, omega 3; ALA, alpha-linolenic acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid. 
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Table 3.2. Comparison of total fat intake (g/d, mg/d and %TE) and its constituent fatty acids in Irish children in 2005 and 2019 by gender 

  Total Population Gender 

  2005 2019   2005 2019   2005 2019   

      Boy  Boy   Girl Girl  

 (n594) (n600)  (n293) (n300)   (n301) (n300)  

  Mean  SD Mean  SD P* Mean  SD Mean  SD P* Mean  SD Mean  SD P* 

Total fat (g/d) 63.1 14.2 55.8 12.7 <0.001 65.5 14.6 59.2 13.2 <0.001 60.7 13.5 52.7 11.3 <0.001 

SFA (g/d) 27.3 6.69 23.4 5.59 <0.001 28.4 6.84 24.7 5.75 <0.001 26.1 6.34 22.2 5.18 <0.001 

MUFA (g/d) 21.5 5.06 22.9 5.55 <0.001 22.4 5.18 24.4 5.83 <0.001 20.7 4.81 21.5 4.89 0.594 

PUFA (g/d) 9.17 2.77 9.28 2.47 1.000 9.42 2.83 9.95 2.63 0.180 8.92 2.68 8.67 2.13 1.000 

Omega 6 (g/d) 5.77 1.64 6.00 1.59 0.018 5.95 1.68 6.49 1.69 <0.001 5.61 1.58 5.55 1.35 1.000 

Omega 3 (g/d) 1.03 0.36 1.23 0.39 <0.001 1.05 0.36 1.29 0.41 <0.001 1.02 0.35 1.18 0.36 <0.001 

Trans-fat (g/d) 1.00 0.29 0.84 0.28 <0.001 1.03 0.30 0.88 0.29 <0.001 0.96 0.28 0.80 0.27 <0.001 

ALA (g/d) - - 0.99 0.31 - - - 1.05 0.33 - - - 0.94 0.29 - 

EPA (mg/d) 27.0 18.6 41.7 32.5 <0.001 28.5 19.6 45.6 35.7 <0.001 25.5 17.6 38.1 28.8 <0.001 

DHA (mg/d) 36.4 25.1 63.7 50.5 <0.001 38.4 26.3 68.6 54.8 <0.001 34.6 23.7 59.2 45.9 <0.001 

                

Total fat (%TE) 33.7 3.58 33.3 3.83 0.918 33.3 3.57 33.2 3.85 1.000 34.1 3.53 33.4 3.80 0.018 

SFA (%TE) 14.5 2.14 14.0 2.15 <0.001 14.4 2.14 13.9 2.15 <0.001 14.7 2.13 14.2 2.14 <0.001 

MUFA (%TE) 11.5 1.49 13.6 1.79 <0.001 11.4 1.48 13.6 1.82 <0.001 11.6 1.49 13.6 1.77 <0.001 

PUFA (%TE) 4.89 1.03 5.55 0.98 <0.001 4.78 1.00 5.58 1.00 <0.001 5.01 1.05 5.52 0.97 <0.001 

Omega 6 (%TE) 3.10 0.59 3.58 0.61 <0.001 3.03 0.58 3.64 0.62 <0.001 3.16 0.60 3.52 0.59 <0.001 

Omega 3 (%TE) 0.56 0.15 0.74 0.18 <0.001 0.53 0.14 0.72 0.18 <0.001 0.58 0.15 0.75 0.18 <0.001 

Trans-fat (%TE) 0.53 0.12 0.51 0.14 <0.001 0.53 0.12 0.50 0.14 <0.001 0.54 0.12 0.51 0.15 <0.001 

ALA (%TE) - - 0.61 0.16 - - - 0.60 0.16 - - - 0.61 0.16 - 

EPA (%TE) 0.01 0.01 0.03 0.02 <0.001 0.02 0.01 0.03 0.02 <0.001 0.02 0.01 0.02 0.02 <0.001 

DHA (%TE) 0.02 0.01 0.04 0.03 <0.001 0.02 0.01 0.04 0.03 <0.001 0.02 0.01 0.04 0.03 <0.001 
n- number of participants; SD- standard deviation; g/d, grams per day; %TE- percentage of total energy; *independent samples t test for comparison of means between 2005 and 
2019 split by gender, adjusted P value using Bonferroni correction method for multiple comparisons was also utilised; SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; 
PUFA, polyunsaturated fatty acid; n-6, omega 6; n-3, omega 3; ALA, alpha-linolenic acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid. 
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Table 3.3 Percentage contribution of food groups to total fat, SFA, MUFA and PUFA in Irish children in 2005 and 2019 

 Total fat   SFA   MUFA   PUFA 

 2005 2019   2005 2019   2005 2019   2005 2019  

  (n594) (n600) P*  (n594) (n600) P*  (n594) (n600) P*  (n594) (n600) P* 

Fresh meat 4.9 5.8 0.003   4.1 4.7 0.042   6.1 7.0 0.019   4.6 5.9 <0.001 

Meat dishes 4.2 6.3 <0.001  3.6 5.9 <0.001  4.9 7.4 <0.001  3.9 4.9 0.012 

Meat products 9.9 9.2 0.142  8.3 7.5 0.064  12.1 10.6 0.008  10.4 9.8 0.233 

Whole milk 14.8 8.3 <0.001  21.1 12.2 <0.001  11.4 6.9 <0.001  2.9 1.7 <0.001 

Low fat, skimmed & fortified milks 0.7 1.4 <0.001  1.1 2.1 <0.001  0.6 1.3 <0.001  0.2 0.1 0.139 

Cheeses 3.3 5.3 <0.001  4.7 7.7 <0.001  2.7 4.4 <0.001  0.8 1.4 <0.001 

Butter 2.1 3.5 <0.001  2.8 5.0 <0.001  1.7 2.8 <0.001  0.6 1.0 <0.001 

Low-fat spreads 1.0 0.3 <0.001  0.6 0.2 <0.001  1.0 0.3 <0.001  2.7 0.7 <0.001 

Spreading fats and oils 6.1 4.3 <0.001  4.4 3.5 0.002  7.7 4.8 <0.001  9.6 5.1 <0.001 

Ice cream and creams 2.8 1.9 <0.001  4.2 3.0 <0.001  2.0 1.3 <0.001  0.7 0.5 <0.001 

Puddings and chilled desserts 3.5 4.0 0.086  4.2 4.6 0.131  3.2 3.4 0.399  1.9 3.7 <0.001 

Savouries 3.9 5.1 0.002  3.3 5.0 <0.001  4.1 5.0 0.018  5.2 5.8 0.139 

Savoury snacks 6.0 3.8 <0.001  4.7 2.2 <0.001  6.9 5.4 <0.001  8.8 3.8 <0.001 

Soups, sauces & miscellaneous foods 1.7 2.3 0.004  1.0 1.6 <0.001  1.3 2.6 <0.001  3.0 3.2 0.734 

Biscuits, cakes pastries & buns 7.6 10.4 <0.001  8.7 11.8 <0.001  7.8 9.8 <0.001  5.6 9.0 <0.001 

Sugars, confectionary & preserves 8.3 6.1 <0.001  10.3 7.3 <0.001  8.7 6.0 <0.001  3.5 3.5 0.976 

Potatoes 0.7 0.8 0.754  0.8 1.1 0.065  0.4 0.6 0.024  1.4 0.5 <0.001 

Potatoes chipped, fired & roasted potatoes 5.8 3.3 <0.001  3.9 1.6 <0.001  6.9 3.9 <0.001  9.9 5.7 <0.001 

Potato products 0.7 0.8 0.514  0.3 0.3 0.724  0.6 0.8 0.022  2.5 2.0 0.104 

Fish, fish products & fish dishes 1.2 2.1 <0.001  0.7 1.0 0.051  1.3 2.5 <0.001  2.6 3.7 0.002 

Eggs & egg dishes 1.8 2.3 0.030  1.6 1.9 0.165  2.0 2.6 0.019  1.4 2.6 <0.001 

Vegetable & pulse dishes 0.7 0.6 0.502  0.3 0.4 0.471  0.6 0.7 0.682  2.0 1.0 0.001 

Breads & rolls 3.7 5.2 <0.001  2.3 3.7 <0.001  2.9 4.7 <0.001  6.9 10.9 <0.001 

RTEBC 1.3 1.7 <0.001  0.9 1.2 0.007  0.9 1.5 <0.001  2.9 3.9 <0.001 

Other† 3.0 5.0 <0.001   2.1 4.5 <0.001   2.3 3.7 <0.001   5.6 9.2 <0.001 
SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid; n- number of participants; *Independent samples t test for comparison of means 
between 2005 and 2019; RTEBC, ready-to-eat breakfast cereals; †Other food groups include rice, pasta, flours, grains, other breakfast cereals, non-alcoholic beverages, nuts and 
seeds, herbs and spices, fruit, vegetables, other milk and milk-based beverages. 
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Table 3.4 Percentage contribution of food groups to ALA, EPA, DHA and Trans in Irish children in 2005 and 2019 

 ALA   EPA   DHA   Trans fat 

 2005 2019   2005 2019   2005 2019   2005 2019  
  (n594) (n600) P*  (n594) (n600) P*  (n594) (n600) P*  (n594) (n600) P* 

Fresh meat - 5.3 -   18.0 17.3 0.505   23.2 21.3 0.153   5.4 5.7 0.532 

Meat dishes - 6.2 -  8.0 4.8 <0.001  5.7 4.5 0.062  6.6 12.1 <0.001 

Meat products - 10.9 -  7.5 4.9 <0.001  14.6 6.9 <0.001  11.6 7.2 <0.001 

Whole milk - 1.6 -  22.9 15.5 <0.001  13.3 8.1 <0.001  17.1 12.2 <0.001 

Low fat, skimmed & fortified milks - 0.1 -  0.9 3.3 <0.001  0.3 1.0 <0.001  1.9 4.8 <0.001 

Cheeses - 2.4 -  5.0 8.3 <0.001  2.9 4.1 <0.001  9.4 14.4 <0.001 

Butter - 1.3 -  3.2 5.3 <0.001  1.6 2.7 0.001  5.3 7.6 0.001 

Low-fat spreads - 0.9 -  0.5 0.0 <0.001  0.0 0.0 1.000  0.2 0.1 0.002 

Spreading fats and oils - 10.1 -  5.5 0.4 <0.001  0.0 0.0 1.000  2.5 1.0 <0.001 

Ice cream and creams - 0.4 -  0.3 1.2 <0.001  0.1 0.1 0.871  3.1 1.9 <0.001 

Puddings and chilled desserts - 3.2 -  2.6 3.0 0.279  2.1 4.5 <0.001  3.2 2.9 0.382 

Savouries - 6.8 -  0.8 0.8 0.913  1.7 2.4 0.122  3.2 3.5 <0.001 

Savoury snacks - 3.5 -  0.0 0.0 1.000  0.1 0.0 0.012  1.9 0.4 <0.001 

Soups, sauces & miscellaneous foods - 4.8 -  0.3 0.8 0.030  0.2 0.1 0.011  4.7 1.9 <0.001 

Biscuits, cakes pastries & buns - 8.5 -  0.6 3.9 <0.001  1.3 3.6 <0.001  5.2 8.9 <0.001 

Sugars, confectionary & preserves - 1.4 -  0.0 0.0 0.283  0.0 0.0 0.721  5.4 2.1 <0.001 

Potatoes - 1.7 -  0.2 0.2 0.814  0.0 0.0 0.814  1.2 1.7 0.054 

Potatoes chipped, fired & roasted potatoes - 2.0 -  0.0 0.0 0.374  0.0 0.0 1.000  3.9 1.2 <0.001 

Potato products - 1.4 -  0.0 0.0 0.464  0.0 0.1 0.060  0.8 0.3 <0.001 

Fish, fish products & fish dishes - 3.5 -  19.4 24.0 0.012  21.8 26.6 0.013  1.4 0.3 <0.001 

Eggs & egg dishes - 1.5 -  0.5 1.3 0.006  8.3 11.4 0.003  1.9 1.4 0.035 

Vegetable & pulse dishes - 1.3 -  0.3 0.2 0.583  0.5 0.0 0.021  0.5 0.4 0.558 

Breads & rolls - 9.8 -  0.9 2.3 <0.001  0.1 0.3 0.086  2.4 2.6 0.332 

RTEBC - 2.5 -  0.0 0.0 1.000  0.0 0.0 1.000  0.2 0.1 0.279 

Other† - 8.2 -  0.7 0.0 <0.001  0.5 0.1 0.057  1.1 5.2 <0.001 

Nutritional supplements - 0.5 -  1.9 2.0 0.886  1.8 1.8 0.98  0.0 0.0 1.000 
ALA, alpha-linolenic acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; n- number of participants; *Independent samples t test for comparison of means between 2005 
and 2019; RTEBC, ready-to-eat breakfast cereals; †Other food groups include rice, pasta, flours, grains, other breakfast cereals, non-alcoholic beverages, nuts and seeds, herbs and 
spices, fruit, vegetables, other milk and milk-based beverages. 
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Figure 3.1: Percentage of Irish children adhering to current EFSA and UK dietary recommendations for 

total fat and fatty acids between 2005 and 2019.  

SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid; EPA, 

eicosapentaenoic acid; DHA, docosahexaenoic acid; *Targets from EFSA (EFSA, 2010); †Recommendations from the 

Department of Health and/or SACN (DOH, 1991; 1994; SACN, 2019).  
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Abstract 

Background Elevated intakes of saturated fatty acids (SFA) are known to increase 

the risk of cardiovascular disease (CVD), whereas adequate intakes of 

polyunsaturated fatty acids (PUFA) have been associated with beneficial effects on 

cardiovascular health. A significant proportion of children in Ireland are not meeting the 

recommendations for SFA and PUFA intakes. 

Objective To identify the key sources of SFA and PUFA intakes in Irish children and 

examine the differences between low and high consumers. 

Methods Analyses were based on data from the Irish National Children’s Food Survey 

II (NCFS II, 2019), a cross sectional study which collected detailed food and beverage 

intake data from a nationally representative sample of 600 children aged 5 – 12 years. 

Participants were categorised into low, medium and high consumers based on their % 

of total energy (% TE) from SFA and PUFA intakes. Foods, nutrients and nutrient 

adequacy were subsequently compared across the groups. 

Results High SFA consumers had significantly higher energy % contributions from 

dairy foods, namely ‘whole milk’, ‘cheese’ and ‘butter’ compared to low SFA 

consumers. High consumers also displayed higher intakes of vitamin A, riboflavin, 

calcium, phosphorus and zinc but lower intakes of B12. High PUFA consumers had 

significantly higher % energy contribution from ‘meat products’, ‘potato products’ and 

‘eggs and egg dishes’ compared to low consumers. Carbohydrates and total sugars 

were also significantly lower in the high PUFA consumer group. Adherence to national 

guidelines remained low for SFA across all groups, whereas only high PUFA 

consumers were successful in meeting PUFA recommendations (97 %). 

Conclusion Dairy foods were major determinants of SFA intakes in high SFA 

consumers, whereas meat products were major determinants of PUFA intakes in high 

PUFA consumers. However, extremely low SFA compliance was evident irrespective 

if children were low or high SFA consumers. Nevertheless, these findings contribute to 

the development of targeted dietary strategies to improve SFA and PUFA intakes in 

children. 
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4.1 Introduction 

Elevated intakes of SFA have been linked to increases in total cholesterol and low 

density lipo-protein (LDL) cholesterol concentrations in both adults and children, which 

is a well-known risk factor for CVD (Egert et al., 2011; Juonala et al., 2013). 

Furthermore, SFA intakes can act as a pro-inflammatory molecule contributing to the 

development of insulin resistance, which can potentially increase diabetes risk (Sears 

and Perry, 2015). In contrast, there is considerable evidence that PUFA, in particular 

eicosapentaenoic acid (EPA; 20:5) and docosahexaenoic acid (DHA; 22:6), contain 

cardio-protective properties and contribute significantly to anti-inflammatory processes 

(Schmidt et al., 2005; Calder, 2010; Mozaffarian and Wu, 2011). Moreover, they 

importantly support brain function and cognitive development in children (Uauy and 

Dangour, 2006; Kuratko et al., 2013).   

Within Europe, the European Food Safety Authority (EFSA) have set a reference 

intake range for SFA advising intakes to remain as low as possible in all population 

groups, inclusive of children. Although national dietary fat guidelines may vary between 

countries, many share a maximum recommended intake of 10 % of total energy (TE) 

from SFA (Department of Health [DOH], 1994; French Food Safety Agency [AFSSA], 

2010; Norden, 2014; Scientific Advisory Committee on Nutrition [SACN], 2019). 

However, EFSA have yet to establish dietary reference values (DRVs) for PUFA 

intakes and of the countries that have established PUFA recommendations for 

children, they vary considerably; between 4 – 10 % (DOH, 1991; AFSSA, 2010; EFSA, 

2010b; Norden, 2014; SACN, 2019). A comprehensive review by Rippin et al. (2019) 

examined SFA intakes in children across Europe and noted compliance was 

particularly poor, with all countries exceeding the World Health Organisation’s (WHO) 

SFA recommendations (<10 %). Whilst achievement of the WHO PUFA 

recommendation varied, those who were successful in attaining the recommendation 

remained closer to the WHO lower limit of 6 %. Despite some improvements observed 

in Irish children’s dietary fat profile since 2005, a significant proportion are still not 

meeting these recommendations (93 % for SFA, 29 % for PUFA), whereas a 100 % 

compliance rate for total fat, monounsaturated fatty acid (MUFA) and trans fat has 

been established (Chapter 3).  

It is essential for children to develop positive dietary habits from an early age to reduce 

the risk of chronic disease later in life. To support this, children need dietary advice 
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that is relevant to their everyday dietary practice (Kersting et al., 2005). Hence, 

developing strategies to decrease SFA and increase PUFA intakes should be 

prioritised and when evaluating such, it is important to identify the factors that influence 

fat quality with respect to the population group. With regards to SFA, several studies 

have shown that diets low in SFA contain higher quality foods such as fruit, vegetables 

and wholegrains, whereas high SFA diets have been associated with higher intakes of 

meat, dairy products, fast food and snack foods (Kelishadi et al., 2004; Mikkilä et al., 

2005; Downs et al., 2009; O’Neil et al., 2011; Powell and Nguyen, 2013; Campmans-

Kuijpers et al., 2016; Chong et al., 2017). Evidence of PUFA rich diets in children are 

limited, however, one study of Finnish children found high diet quality was associated 

with low SFA and high PUFA intakes, demonstrating a potential relationship between 

these fatty acids (Mikkilä et al., 2005).  

In order to alter the balance between SFA and PUFA intakes in Irish children and 

increase their compliance with recommendations, common dietary influences and 

determinants need to be identified. Therefore, the present study aims to investigate 

the key sources and dietary determinants of SFA and PUFA intakes in Irish children, 

as well as to examine the differences in nutrient intakes between low and high 

SFA/PUFA consumers. 

 

4.2 Methods 

4.2.1 Study design and populations 

The analysis is based on data from the cross-sectional National Children’s Food 

Survey II (NCFS II) which examined habitual food and beverage intake of Irish children. 

The survey comprises of 600 (300 boys, 300 girls) children, aged 5 – 12 years, residing 

in the Republic of Ireland. Written informed consent was obtained from all 

parents/guardians. A detailed survey methodology is within Chapter 2, however, an 

overview of the methods relevant to this chapter is described below. Ethical approval 

was obtained from the University College Cork Clinical Research Ethics Committee of 

the Cork Teaching Hospitals and the Human Ethics Research Committee of University 

College Dublin (ECM 4 (aa 07/02/2017) and were conducted in accordance with the 

Declaration of Helsinki guidelines.   
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4.2.2 Dietary data collection 

A 4-day weighed food diary was used to collect food and beverage intake data. 

Participants were asked to record detailed information regarding the amount and types 

of food and beverage consumed during the recording period, including nutritional 

supplements. Additional information such as cooking methods, brand names of foods, 

recipe details, eating locations and participant definitions of eating occasions were 

recorded.  

Intake data were analysed using Nutritics (Nutritics, Dublin, Ireland) which contains 

data from McCance and Widdowson's The Composition of Foods, sixth (Food 

Standards Agency, 2002) and seventh (Finglas et al., 2015) editions to generate 

nutrient data. A food composition database was generated listing each individual food 

item consumed by participants. Each food item was listed with its corresponding 

nutrient composition. Modifications were made to the food composition database to 

include recipes of composite dishes, nutritional supplements, generic Irish foods that 

were commonly consumed and reformulated foods. For consistency, all food and 

beverages consumed were aggregated into the same 26 food groups as previously 

discussed in Chapter 3. They were grouped according to their predominant fat profile 

or associated food-based dietary guidelines and were based on previous groupings 

published for the Irish adult population, with modifications made to account for the 

exclusion of alcohol (Li et al., 2016).  

 

4.2.3 Statistical analysis 

Statistical analyses were conducted using SPSS® V24.0 for WindowsTM (SPSS Inc. 

Chicago, IL, USA). Linear regression analysis was performed to determine the 

relationship between participants SFA and PUFA intakes, and foods consumed. Two 

sets of tertiles were generated based on % TE from SFA and PUFA, categorised into 

low, medium and high consumers. Chi-squared tests were used to assess the 

differences in demographics across tertiles. One-way analysis of variance (ANOVA) 

with Scheffe post hoc test was utilised to assess differences between anthropometric 

measures, energy, macronutrients, micronutrients and fibre intakes. Differences 

between adequacy levels of nutrients and food groups were also examined. The cut-
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offs applied in this study for adequacy of macronutrient intakes were taken from EFSA, 

the UK DOH and/or SACN dietary reference values (DRV), whereas EFSA and the 

Institute of Medicine (IOM) cut-offs were applied for micronutrient adequacy where 

appropriate (Appendix ii; Table 1) (DOH, 1994; EFSA, 2010a; 2010b, 2019; IOM, 2010; 

SACN, 2019; The National Academies of Sciences Engineering and Medicine, 2019). 

P<0.05 was indicative of statistically significant differences and was adjusted using the 

Bonferroni correction method for multiple comparisons by multiplying each P value by 

the number of traits in each table. 

 

4.3 Results 

4.3.1 The relationship between food groups and dietary fat intakes 

Linear regression analysis was carried out to predict the relationship between food 

groups and both SFA and PUFA (Table 4.1). The analysis established a significant 

positive relationship between SFA intakes (% TE) and dairy foods, namely whole milk, 

cheese and butter (P<0.001). Additional relationships were identified with ‘biscuits, 

cakes pastries & buns’, ‘breads & rolls’ and ‘other’ (P<0.001). In terms of PUFA intakes, 

a significant positive linear relationship was identified with ‘meat products’, ‘whole milk’, 

‘low fat, skimmed & fortified milks’, ‘savoury snacks’, ‘fish, fish products and fish 

dishes’, ‘eggs and egg dishes’, ‘ready to eat breakfast cereals’ (RTEBC) and ‘potato 

products’ (P<0.001).  

 

4.3.2 Demographic and anthropometric factors across dietary fat tertiles  

Table 4.2 presents the demographic factors and anthropometric measurements across 

low, medium and high consumers of SFA and PUFA intakes (% TE). Intakes of SFA 

across the tertiles were split as follows: 11.1 % (low), 14.0 % (medium) and 17.0 % 

(high), whereas PUFA intakes were 4.3 % (low), 5.5 % (medium) and 7.0 % (high). No 

demographic differences were apparent across SFA and PUFA tertiles. Although not 

significant, low SFA consumers displayed slightly higher MET (metabolic equivalents) 

minutes compared to high SFA consumers (581 versus 538 minutes). In contrast, PA 

was slightly higher in the high PUFA consumers compared to low consumers (594 
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versus 521 minutes). Additionally, under-reporters showed no differences across the 

tertiles. 

4.3.3 Percentage contribution of SFA and PUFA to food groups 

The percentage contribution of major food groups to mean daily SFA and PUFA intakes 

(% TE) across tertiles are presented in Table 4.3. The percentage contribution of 

‘whole milk’, ‘cheeses’ and ‘butter’ were significantly higher in high SFA consumers 

compared to low SFA consumers, which is reflective of the amount (g/d) of whole milk, 

cheese and butter consumed by participants (Appendix ii; Table 2).  In contrast, ‘fresh 

meat’, ‘low fat, skimmed and fortified milks’, ‘potatoes chipped, fried & roasted 

potatoes’ and ‘bread and rolls’ provided significantly lower contributions to energy in 

high SFA consumers compared to low consumers. Meat products, ‘potato products’ 

and ‘eggs and egg dishes’ showed significantly higher contributions to energy intakes 

in high PUFA consumers compared to low consumers, corresponding with the 

amounts consumed (g/d). Whereas low consumers had significantly higher energy 

contributions from ‘whole milk’, ‘cheese’ and ‘butter’, but only absolute intakes of ‘whole 

milk’ displayed significant differences between low and high PUFA consumers. 

 

4.3.4 Macro- and micronutrient intakes 

In the high SFA consumers carbohydrate intakes were 46 % TE, a significant 8 % lower 

than low SFA consumers at 54 % TE (P <0.001; Table 4.4). Total fat and MUFA intakes 

(% TE and g/d) were both significantly higher in high SFA consumers (P <0.001). No 

significant differences in protein, total sugar, PUFA and fibre intakes were apparent 

across SFA tertiles. When examining micronutrients, high SFA consumers displayed 

significantly higher intakes of vitamin A, riboflavin, calcium, phosphorus and zinc. 

Across PUFA consumers, carbohydrates and total sugars were significantly lower in 

the high PUFA consumer group compared to lower consumers, whereas total fat and 

MUFA intakes were significantly higher. Furthermore, high PUFA consumers displayed 

significantly higher intakes of vitamin E and sodium, whereas low PUFA consumers 

displayed higher intakes of riboflavin and calcium. 
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4.3.5 Adequacy of nutrients 

Compliance with national recommendations for macronutrients are illustrated in Figure 

4.1 and 4.2. Extremely low compliance with SFA recommendations was evident across 

all SFA consumers, with zero percent compliance recorded in medium and high 

consumers, and only 22 % adherence in low SFA consumers (Figure 4.1). The 

percentage of high SFA consumers complying with the recommendations for protein, 

carbohydrates, total fat, MUFA and dietary fibre were 100, 64, 25, 92 and 23 %, 

respectively. Compliance with carbohydrate and total fat recommendations was 

significantly lower in higher SFA consumers, whereas adherence of MUFA significantly 

increased. Similar trends were noted across PUFA tertiles. While, low and medium 

consumers displayed nil compliance with PUFA recommendations, 97 % of high 

consumers met the UK PUFA target of over 6 % TE (Figure 4.2). Compliance with 

carbohydrate and total fat recommendations were also significantly higher in low PUFA 

consumers compared to high consumers, whereas MUFA intakes were significantly 

lower. 

There was a large variation of micronutrient adequacy in Irish children across the 

tertiles (Table 4.5).  Vitamin D compliance was extremely low in all tertiles (2 – 4 %), 

with the majority of children below the estimated average requirement (EAR). Across 

SFA tertiles, a significantly higher percentage of children had adequate levels of 

vitamin A, calcium, phosphorus and zinc in high consumers compared to low. Across 

PUFA tertiles, significant differences of dietary folate equivalents (DFE) and calcium 

adequacy were found, with higher levels of adequacy observed in low PUFA 

consumers.  

 

4.4 Discussion 

This chapter identified the key sources of SFA and PUFA intakes by stratifying SFA 

and PUFA consumers into low, medium and high consumer groups. Some of the 

largest and most significant contributions of SFA in high consumers were found among 

dairy products, namely, whole milk, cheese and butter. In contrast, high consumers of 

PUFA had lower contributions from dairy products. Furthermore, the largest 

contributions of PUFA to high PUFA consumers were from meat products and the food 

group classified as ‘other’. Despite grouping SFA and PUFA consumers into their 
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respective consumer groups, low consumers of SFA still remained above the 

recommended SFA limit (≤ 10 %) displaying mean daily intakes of 11 %, and only high 

PUFA consumers achieved the recommended PUFA intake (≥ 6 %) at 7 %. Moreover, 

only 22 % of low SFA consumers complied with SFA recommendations, whereas only 

high PUFA consumers successfully adhered to recommended PUFA intakes (97 %). 

In the current study, dairy products such as whole milk, cheese and butter have been 

identified as key sources of SFA with these same foods also displaying the most 

notable differences between low and high SFA consumers. Furthermore, the 

consumption levels (g/d) of whole milk, cheese and butter were higher among high 

SFA consumers, corresponding with the increases observed in the percentage 

contribution of SFA from these foods. These findings are in agreement with other 

studies that have associated dairy foods with high SFA intakes in children (Joyce et 

al., 2009; Reedy and Krebs-Smith, 2010; Rangan et al., 2012). In a cohort of Swedish 

children and adolescents (9 and 15 years, respectively), whole milk and cheese were 

among the top contributors of SFA % TE (20 % and 14 %, respectively), which is 

slightly higher than the current cohort at 12 % and 7 % (Chapter 3), respectively 

(Patterson et al., 2010). Furthermore, the Healthy Lifestyle in Europe by Nutrition in 

Adolescence (HELENA) study also found that dairy products are one of the biggest 

contributors of SFA in adolescents across ten European cities, contributing to 23 % TE 

of SFA intakes, similar to contributions reported in Irish children (Vyncke et al., 2012). 

However, it is important to note that not all SFA is created equal. There is a consensus 

among a number of recent meta-analyses suggesting that although dairy products 

contain significant amounts of SFA, their consumption may have neutral or protective 

effects on cardiovascular health (Astrup, 2014; Qin et al., 2015; Alexander et al., 2016). 

In addition, milk and dairy products are nutrient dense, providing a wide range of 

essential vitamins and minerals such as calcium, iodine, vitamins A, B6 and B12, 

riboflavin, magnesium, potassium, phosphorus and zinc (Wade et al., 2017). 

Furthermore, the novel concept of the food matrix has been explored in dairy products, 

whereby the nutritional and physical properties of food are thought to affect digestion 

and absorption when consumed, potentially causing interactions and altering the 

properties of the nutrients, resulting in beneficial health effects (Thorning et al., 2017). 

Nevertheless, the evidence suggesting that SFA from dairy could have beneficial 

effects on cardiovascular health remains in its infancy and additional research is 

needed to gain further understanding of potential patterns or matrix effects. In addition, 
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dietary guidelines advise lower dairy fat alternatives to reduce SFA consumption while 

ensuring adequate levels of micronutrients are maintained (DOH, 2019). 

Previous observational data has reported a reciprocal relationship between fat and 

sugar intakes (Committee on Medical Aspects of Food Policy, 1989; Gibney et al., 

1995). In the present study, as SFA (% TE) increased, total fat and MUFA increased 

significantly and predictably, carbohydrates decreased. Sadler et al. (2015) reported 

that low-sugar consumers are more likely to consume over 30 % of energy from total 

fat than those consuming higher levels of sugar. This association known as the ‘sugar-

fat seesaw’ was also anticipated between SFA and total sugars, however total sugar 

remained stable between high and low consumers of SFA at 18 – 19 % TE in the 

current study. However, this could be related to the overall high intakes of SFA 

observed across the tertiles. Of note, free sugars were not examined in this study and 

further considerations should be made to investigate free sugar in relation to dietary 

fat in future work. This ‘seesaw’ effect has also been noted in relation to fibre, 

wholegrain and fruit and vegetables. Mikkilä et al. (2005) found an association between 

SFA and dietary fibre when examining diet quality in children and adolescents, 

reporting that those with lower intakes of total fat and SFA had higher intakes of fibre, 

fruit and vegetables. In addition, O’Neil et al. (2011) discovered that higher intakes of 

wholegrain in children, a key source of fibre, were also associated with low total fat and 

SFA intakes. However, the findings in the present study were not in agreement as Irish 

children had overall low intakes of fibre, with only 33 % of low SFA consumers adhering 

to dietary fibre recommendations.  

Differences in vitamin A and B12 were noted across the tertiles of SFA, with higher 

intakes observed in high SFA consumers. Although meat and meat products can 

contribute considerably to vitamin A and B12, this was not reflected across the teritles. 

Albeit, the higher intakes of vitamin A and B12 observed in high SFA consumers are 

most likely due to the notable increases in the higher amounts of dairy products 

consumed. It is reasonable to suggest that the increases in calcium, phosphorus and 

zinc observed in high SFA consumers in addition to the increased adequacy of these 

micronutrients, are also reflective of the corresponding increases in whole milk 

consumption. Yet again highlighting that full fat dairy foods are valuable in terms of 

nutrient adequacy.  

High PUFA consumers had a significantly lower percentage of energy contribution 

deriving from dairy foods compared to low consumers, implying that those with higher 
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PUFA intakes consume less dairy. The top contributor of high PUFA consumers was 

identified as meat products, providing significantly higher contributions of 11 % TE 

compared to 7 % in low consumers. Similar findings were reported in the UK, with meat 

and meat products identified as one of the main contributors of n-3 PUFA (Pot et al., 

2012). In addition, high PUFA intakes were associated with higher intakes of ‘potato 

products’. Freedman and Keast (2011) examined nutrient intakes from a number of 

potato products including white potatoes, oven-baked fries and French fries in the diets 

of American children and adolescents, finding that more than 75 % of the fat within 

these products comprised of MUFA and PUFA. Potato products consumed by Irish 

children also contain significant amounts of PUFA, suggesting these products bear 

some influence on overall PUFA intake. Children with higher PUFA intakes were also 

associated with higher intakes of ‘eggs and egg dishes’. Eggs are a valuable source 

of PUFA as they contain significant amounts of DHA, even more DHA than meat per 

gram (Rahmawaty et al., 2013) Therefore, egg consumption may have a beneficial 

effect on brain development and function in children consuming adequate levels of 

PUFA intakes (Uauy and Dangour, 2006). However, limited knowledge is available in 

this area and thus, additional research is needed to further establish the relationship 

between specific sources of PUFA and the overall health impact in children. For 

example, ‘biscuits, cakes, pastries and buns’ are a key source of PUFA intakes in high 

PUFA consumers. Although this high consumer group are largely meeting the PUFA 

recommendations, high consumption of these products may incur additional adverse 

health effects due to their high levels of total fat, sugar and sodium (DOH, 2019).  

The expectation may be that higher PUFA intakes would be associated with healthier 

foods choices and an overall higher diet quality (Mikkilä et al., 2005). However, high 

PUFA intakes were associated with decreases in calcium intakes and adequacy levels, 

reflecting the lower intakes of milk reported in this group. In addition, the higher 

amounts of ‘meat products’, ‘savoury snacks’ and ‘potato products’ among high PUFA 

consumers is most likely contributing to the increases observed in sodium, a prominent 

risk factor for hypertension (Gandy, 2014). Interestingly, the significantly higher intakes 

of riboflavin and higher adequacy of DFE in low PUFA consumers are potentially due 

to their higher consumption of ready-to-eat breakfast cereals (RTEBC) within this 

group. Although sometimes high in sugar, RTEBC are typically fortified and serve as 

an important contributor to several micronutrients (Fulgoni and Buckley, 2015). This 

highlights the importance of targeting the correct foods when seeking to improve 
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compliance of a specific nutrient in order to prevent repercussions on the adequacy 

levels of other nutrients.  

The present study found no differences in the demographic and anthropometric 

characteristics across the tertiles of SFA and PUFA intakes in Irish children. Yet, a 

number of studies have shown that diet quality can be influenced by various non-

dietary factors such as age (Li et al., 2016), gender (Leblanc et al., 2015; Bennett et 

al., 2018), ethnicity (Lovejoy et al., 2001) and socio-economic status (Nicklas et al., 

2001; Patrick and Nicklas, 2005). While much of the literature tends to focus on adults, 

more studies are beginning to emerge in child and adolescent populations. An early 

study by Crawford et al. (1995) found ethnicity, income and education was associated 

with dietary fat intakes in 9 – 10 year girls in the United States (US). More recent 

studies are in agreement with Crawford’s finding, reporting ethnic (Donin et al., 2010; 

Zimmer et al., 2019; de Hoog et al., 2014) and socio-economic differences (Fernández-

Alvira et al., 2015) in children’s dietary fat intakes. Furthermore, gender differences in 

saturated fat intakes were apparent in a cohort of preschool children in Poland 

(Merkiel-Pawłowska and Chalcarz, 2017), whereas in a cohort of 6 year old Finnish 

children, girls reportedly had higher fat diets than boys (Kyttälä et al., 2010). Therefore, 

evidence shows that there are many factors to consider when investigating the 

determinants of dietary fat in children. Even though there were no associations found 

between dietary fat and the non-dietary factors examined in NCFS II, it still should be 

considered. As potentially the higher proportion of children of professional workers 

than the national population in this study, may have influenced the results.   

An important strength of the present study is that the dietary data was collected from 

4-day weighed food records, seldom used in large population studies and known as 

the ‘gold standard’ method for dietary assessment, despite the limitation of an 

observational cohort design. As previously mentioned in Chapter 3, the 26 aggregated 

food groups are limited and some groups may require additional disaggregation for 

further clarity and insight on the dietary determinants of SFA and PUFA intakes. 

However these were previously defined from the National Adult Nutrition Survey and 

were upheld in order to carry out comparative analyses across sub-groups of the Irish 

population. Due to the self-reporting nature of dietary assessments, misreporting or 

under-reporting of energy intake are known limitations. Under-reporters were 

considered, however, as there was no significant differences between under-reporters 

across the tertiles they were included in this analysis. Furthermore, many of the 
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children in this cohort were not meeting the SFA and PUFA recommendations. 

Although children were stratified into their respective low, medium or high SFA 

consumer groups, all groups showed a mean SFA intake above the less than 10 % 

threshold. In addition, only 22 % of low SFA consumers were in compliance with 

recommendations and only high PUFA consumers were successful in adhering to 

PUFA recommendations (97 %). Therefore, the high levels of non-compliers in this 

study may lead to an underestimation of the dietary determinant associations found 

within this cohort. 

In conclusion, dairy foods, in particular whole milk, were identified as the most 

predominant sources of SFA intakes in high SFA consumers. Although there is 

evidence to suggest that SFA from dairy may not cause adverse health effects in terms 

of CVD risk, the dietary guidelines are clear to advise low-fat dairy products to ensure 

SFA is limited within the diet. In addition, high PUFA consumers had lower overall dairy 

consumption, while meat products were noted as a key source of PUFA intakes. 

Differences across the sources of these fats highlights the importance of issuing 

dietary advice with care, as modest changes to improve one nutrient could impact 

others. 
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Table 4.1 Linear regression relationship between food groups and SFA and PUFA intakes 
(% TE) in Irish children 

 SFA %  PUFA % 

  R2 P*   R2 P* 

Fresh meat 0.007 1.000  0.002 1.000 

Meat dishes 0.001 1.000  0.004 1.000 

Meat products 0.001 1.000  0.071 <0.001 

Whole milk 0.103 <0.001  0.028 <0.001 

Low fat, skimmed & fortified milks 0.009 0.338  0.021 <0.001 

Cheeses 0.122 <0.001  0.000 1.000 

Butter 0.134 <0.001  0.006 1.000 

Low-fat spreads 0.002 1.000  0.008 0.754 

Spreading fats and oils 0.001 1.000  0.017 0.026 

Ice cream and creams 0.013 0.130  0.006 1.000 

Puddings and chilled desserts 0.003 1.000  0.012 0.156 

Savouries 0.006 1.000  0.004 1.000 

Savoury snacks 0.001 1.000  0.028 <0.001 

Soups, sauces & miscellaneous foods 0.001 1.000  0.003 1.000 

Biscuits, cakes pastries & buns 0.041 <0.001  0.000 1.000 

Sugars, confectionary & preserves 0.000 1.000  0.009 0.572 

Potatoes 0.005 1.000  0.003 1.000 

Potatoes chipped, fried & roasted potatoes 0.009 0.572  0.031 <0.001 

Potato products 0.000 1.000  0.023 <0.001 

Fish, fish products & fish dishes 0.002 1.000  0.075 <0.001 

Eggs & egg dishes 0.012 0.208  0.049 <0.001 

Vegetable & pulse dishes 0.000 1.000  0.019 0.026 

Breads & rolls 0.020 <0.001  0.002 1.000 

RTEBC 0.026 <0.001  0.056 <0.001 

Other* 0.039 <0.001  0.015 0.052 

Nutritional supplements 0.010 0.416   0.000 1.000 
SFA, saturated fatty acid; PUFA, polyunsaturated fatty acid; RTEBC, ready to eat breakfast cereals; 
Other food groups include rice, pasta, flours, grains, other breakfast cereals, non-alcoholic beverages, 
nuts and seeds, herbs and spices, fruit, vegetables, other milk and milk-based beverages; Linear 
regression analysis was used to assess the relationship between food groups and dietary fat intakes 
with R2 displaying effect size; Adjusted P value using Bonferroni correction method for multiple 
comparisons. 
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Table 4.2 Demographic and anthropometric factors across tertiles of % TE from SFA and PUFA in Irish children 

 SFA   PUFA 

 Low Medium High     Low Medium High   

 n 200 n 200 n 200   n 200 n 200 n 200  
  Mean SD Mean SD Mean SD P*  Mean SD Mean SD Mean SD P* 

SFA (%TE) 11.1a 1.37 14.0b 0.66 17.0c 1.68 <0.001  14.1 3.04 14.1 2.75 14.0 2.50 1.000 

PUFA (%TE) 5.64 1.36 5.65 1.36 5.48 1.20 1.000  4.26a 0.53 5.47b 0.28 7.04c 0.99 <0.001 

Demographics                

     Age 9.1 2.3 9.2 2.3 8.7 2.2 1.000  8.6 2.1 9.1 2.4 9.3 2 0.238 

     Gender (%)       1.000        1.000 

           Male 51  48  51    48  54  49   

           Female 49  52  49    53  46  52   

     Social Class (%)       1.000        1.000 

          Professional  64  66  70    69  64  68   

          Non-manual 17  17  17    16  17  19   

          Skilled- manual 11  10  7    9  12  7   

          Semi-skilled/unskilled 8  8  6    7  8  8   

     Supplement user (%) 30  25  32  1.000  28  28  31  1.000 

Anthropometrics                

     Weight (kg) 33.3 11.8 32.0 10.9 31.1 11.0 1.000  30.5 10.1 32.8 11.8 33.1 11.7 0.392 

     BMI (kg/m2) 17.8 3.10 17.1 2.70 17.1 2.89 0.280  17.1 2.72 17.5 3.03 17.5 2.98 1.000 

     Body fat (%) 20.8 6.66 20.0 5.99 19.7 5.95 1.000  20.1 5.89 20.1 6.26 20.3 6.52 1.000 

     Waist circumference (cm) 60.3 8.53 58.3 7.31 58.1 7.63 0.154  58.1 7.17 59.1 8.05 59.5 8.37 1.000 

     Hip (cm) 72.3 10.3 70.9 9.77 69.8 9.15 0.448  70.0 9.19 71.2 10.1 71.9 10.0 1.000 

     PA (MET minutes) 581 409 563 349 538 375 1.000  521 346 568 376 594 409 1.000 

                

Under-reporters (%) 22  22  15  1.000  18  22  19  1.000 
n, number; SD, standard deviation; % TE, percentage of total energy; SFA, saturated fatty acid; PUFA, polyunsaturated fatty acid; BMI, body mass index; PA, 
physical activity; MET, metabolic equivalent of task abcDifferent superscript letters indicate significant differences in mean values across tertiles (P <0.05); *One- 
way ANOVA was used with Scheffe post hoc test and chi-squared test to assess difference between tertiles; Adjusted P value using Bonferroni correction method 
for multiple comparisons. 
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Table 4.3 Percentage contribution of food groups to SFA and PUFA intakes (% TE) across tertiles in Irish children 

 SFA PUFA 

 Low (n200) Medium (n200) High (n200) P* Low (n200) Medium (n200) High (n200) P* 

Fresh meat 5.7a 4.6ab 3.6b <0.001 5.9 6.2 5.3 1.000 

Meat dishes 5.7 6.2 5.6 1.000 5.2a 5.1ab 3.6b 0.234 

Meat products 7.2 6.8 7.3 1.000 7.3a 9.4ab 10.8b 0.026 

Whole milk 8.4a 12.6b 14.7b <0.001 2.7a 1.4b 1.0b <0.001 

Low fat, skimmed & fortified milks 3.3a 2.2ab 1.2b <0.001 0.3a 0.1ab 0.1b 0.052 

Cheeses 5.2a 8.0b 10.3c <0.001 1.9a 1.4b 1.0b <0.001 

Butter 3.5a 5.6b 7.0b <0.001 1.6a 1.1ab 0.6b <0.001 

Low-fat spreads 0.3 0.2 0.1 1.000 0.6 0.6 0.8 1.000 

Spreading fats and oils 4.2a 3.2ab 2.8b 0.728 4.7 5.0 5.1 1.000 

Ice cream and creams 3.1 2.6 3.7 1.000 0.8a 0.5b 0.4b <0.001 

Puddings and chilled desserts 4.8 4.6 4.8 1.000 2.9a 3.6ab 5.1b 0.546 

Savouries 5.9a 4.5ab 3.6b 0.338 5.7 5.8 5.3 1.000 

Savoury snacks 2.6 2.0 1.8 1.000 3.1 3.9 4.0 1.000 

Soups, sauces & miscellaneous foods 1.6 1.7 1.5 1.000 2.1a 3.4ab 4.1b 0.104 

Biscuits, cakes pastries & buns 12.3 11.8 12.2 1.000 10.5 9.6 7.9 0.052 

Sugars, confectionary & preserves 8.3a 7.2ab 6.2b 0.858 3.9 3.2 3.6 1.000 

Potatoes 1.3a 1.2ab 0.7b 0.182 0.5 0.5 0.4 1.000 

Potatoes chipped, fried & roasted potatoes 2.4a 1.4b 1.0b <0.001 5.0 5.4 6.5 1.000 

Potato products 0.5a 0.2ab 0.2b 0.546 1.1a 2.2a 3.1b <0.001 

Fish, fish products & fish dishes 1.5a 0.9ab 0.8b 1.000 3.0a 3.9ab 4.9b 0.624 

Eggs & egg dishes 1.5 1.8 2.3 1.000 1.4a 2.9b 3.5b <0.001 

Vegetable & pulse dishes 0.3 0.5 0.4 1.000 0.4 0.7 1.7 1.000 

Breads & rolls 4.4a 3.9a 2.8b <0.001 13.6 10.8 8.5 1.000 

RTEBC 1.5a 1.2ab 0.9b 0.520 5.4 3.8 2.5 1.000 

Other* 4.5 5.0 4.5 1.000 10.2 9.4 9.6 1.000 
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Nutritional supplements 0.0 0.0 0.0 1.000 0.1 0.2 0.5 1.000 

n, number; SD, standard deviation; % TE, percentage of total energy. SFA, saturated fatty acid; PUFA, polyunsaturated fatty acid; RTEBC, ready to eat breakfast cereals; 
Other food groups include rice, pasta, flours, grains, other breakfast cereals, non-alcoholic beverages, nuts and seeds, herbs and spices, fruit, vegetables, other milk and 
milk-based beverages; abcDifferent superscript letters indicate significant differences in mean values across tertiles (P <0.05). *One- way ANOVA was used with Scheffe 
post hoc test to assess difference between tertiles; Adjusted p value using Bonferroni correction method for multiple comparisons.  
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Table 4.4 Mean daily intakes of macronutrients and micronutrients across tertiles of SFA and PUFA (% TE) in Irish children 

 SFA PUFA 

 Low Medium High  Low Medium High  

 n 200 n 200 n 200  n 200 n 200 n 200  
  Mean  SD Mean  SD Mean  SD P* Mean  SD Mean  SD Mean  SD P* 

     Energy (kcal) 1448a 340 1491ab 362 1554b 357 0.374 1455a 318 1487ab 353 1551b 387 0.782 

Macronutrients               

     Protein (g) 57.8 19.0 59.3 17.0 61.1 15.9 1.000 57.2 14.8 60.0 17.3 61.0 19.5 1.000 

     Protein (%TE) 16.0 3.13 16.0 2.72 15.8 2.56 1.000 15.8 2.50 16.2 3.06 15.7 2.82 1.000 

     CHO (g) 207a 48.8 198ab 49.5 190b 46.4 0.068 204 45.1 197 51.9 196 48.5 1.000 

     CHO (%TE) 54.0a 4.67 50.0b 4.30 46.1c 4.02 <0.001 52.8a 4.85 49.7b 5.01 47.5c 5.04 <0.001 

     Total sugars (g) 75.0 25.5 74.9 25.8 75.1 25.4 1.000 82.1a 25.6 72.4b 25.0 70.4b 24.6 <0.001 

     Total sugars (%TE) 19.4a 4.85 19.0ab 5.15 18.1b 4.56 1.000 21.2a 4.92 18.2b 4.23 17.1b 4.55 <0.001 

     Total fat (g) 47.3a 13.9 56.0b 15.7 65.5c 17.4 <0.001 50.1a 14.7 55.6b 15.1 63.1c 19.4 <0.001 

     Total fat (%TE) 29.3a 3.71 33.6b 3.45 37.8c 3.70 <0.001 30.7a 4.56 33.6b 4.50 36.4c 4.39 <0.001 

     SFA (g) 17.9a 4.89 23.2b 5.80 29.4c 7.14 <0.001 22.9 7.79 23.3 6.97 24.3 8.04 1.000 

     SFA (% TE) 11.1a 1.37 14.0b 0.66 17.0c 1.68 <0.001 14.1 3.04 14.1 2.75 14.0 2.50 1.000 

     MUFA (g) 20.1a 6.68 23.1b 7.33 26.3c 7.91 <0.001 20.1a 6.04 23.1b 6.69 26.4c 8.88 <0.001 

     MUFA (%TE) 12.4a 2.18 13.9b 2.20 15.2c 2.26 <0.001 12.3a 1.98 13.9b 2.12 15.2c 2.43 <0.001 

     PUFA (g) 9.12 3.38 9.41 3.42 9.56 3.56 1.000 6.86a 1.81 9.07b 2.22 12.3c 3.74 <0.001 

     PUFA (%TE) 5.64 1.36 5.65 1.36 5.48 1.20 1.000 4.26a 0.53 5.47b 0.28 7.04c 0.99 <0.001 

     Dietary fibre (g) 14.8a 4.87 14.1ab 4.27 13.4b 4.21 0.238 14.0 4.67 13.7 4.15 14.5 4.61 1.000 

Micronutrients               

     Vitamin A (µg) 568a 424 615a 358 768b 507 <0.001 672 420 612 420 668 482 1.000 

     Vitamin C (mg) 4.30 4.06 4.17 4.84 4.70 6.8 1.000 4.50 4.88 4.46 6.52 4.21 4.44 1.000 

     Vitamin D (µg) 74.7 61.7 75.4 101 74.2 119 1.000 73.8 54.2 71.4 85.3 78.9 134 1.000 

     Vitamin E (µg) 6.85 3.62 6.81 3.45 6.99 4.3 1.000 5.99a 3.83 6.70a 3.42 7.93b 3.89 <0.001 

     Vitamin B6 (mg) 1.58 0.68 1.45 0.54 1.52 1.0 1.000 1.50 0.55 1.53 0.63 1.52 1.07 1.000 

     Vitamin B12 (µg) 4.00a 2.00 4.59b 1.92 5.35c 2.8 <0.001 4.79 2.48 4.56 2.01 4.55 2.47 1.000 
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     Thiamin (mg) 1.49 0.73 1.35 0.45 1.37 0.6 1.000 1.45 0.50 1.39 0.49 1.38 0.75 1.000 

     Riboflavin (mg) 1.44a 0.60 1.61a 0.63 1.72b 0.7 <0.001 1.73a 0.70 1.56b 0.60 1.48b 0.67 <0.001 

     Total folate (µg) 217 82.5 205 75.1 202 81.7 1.000 220a 81.0 205ab 71.7 200b 85.6 1.000 

     DFE (µg) 266 124 246 112 240 124 1.000 270a 122 247ab 108 235b 127 0.476 

     Total Niacin (mg) 30.1 10.7 28.5 9.0 28.1 7.8 1.000 27.9 8.06 29.4 9.82 29.3 9.83 1.000 

     Sodium (mg) 1640 480 1650 533 1745 502 1.000 1568a 449 1683ab 485 1784b 561 <0.001 

     Potassium (mg) 1979 591 2020 613 2016 545 1.000 2028 555 1976 612 2011 582 1.000 

     Calcium (mg) 672a 235 804b 284 892c 305 <0.001 857a 323 775b 258 735b 272 <0.001 

     Magnesium (mg) 188 53.7 193 57.8 196 57.6 1.000 192 54.0 189 54.8 196 60.3 1.000 

     Phosphorous (mg) 926a 280 1005b 294 1078c 311 <0.001 1014 302 993 289 1001 313 1.000 

     Iron (mg) 9.26 3.34 8.86 2.97 8.86 2.84 1.000 9.15 3.05 9.02 2.82 8.82 3.30 1.000 

     Zinc (mg) 6.71a 2.67 7.27ab 2.43 7.72b 2.38 <0.001 7.14 2.20 7.39 2.76 7.23 2.60 1.000 
n- number; SD- standard deviation; % TE- percentage of total energy; CHO, carbohydrates; SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, 
polyunsaturated fatty acid; DFE, dietary folate equivalents abcDifferent superscript letters indicate significant differences in mean values across tertiles (P <0.05). 
*One- way ANOVA was used with Scheffe post hoc test to assess difference between tertiles. Adjusted P value using Bonferroni correction method for multiple 
comparisons 
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Figure 4.1: Compliance with population goals for macronutrients across tertiles of SFA (%TE) in Irish 

children 

CHO, carbohydrates; SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid; 

Dietary reference values used= protein: ≥10 % (WHO, 2003), CHO: 45 - 60 % (EFSA, 2010b), total fat: 20 - 35 %  

(EFSA, 2010), SFA: ≤10 % (DOH, 1994; SACN, 2019), MUFA: ≥ 12 % (DOH, 1991; 1994), PUFA: ≥ 6 (DOH, 1991; 

1994), dietary fibre: 5 - 6 years: 14g; 7 - 10 years: 16g; 11 - 12 years: 19g  (EFSA, 2010b).*Chi squared test was used 

to assess difference between tertiles; Adjusted P value using Bonferroni correction method for multiple comparisons. 
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Figure 4.2: Compliance with population goals for macronutrients across tertiles of PUFA (%TE) in Irish 

children 

CHO, carbohydrates; SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid; 

Dietary reference values used= protein: ≥10 % (WHO, 2003), CHO: 45 - 60 % (EFSA, 2010b), total fat: 20 - 35 %  

(EFSA, 2010), SFA: ≤10 % (DOH, 1994; SACN, 2019), MUFA: ≥ 12 % (DOH, 1991; 1994), PUFA: ≥ 6 (DOH, 1991; 

1994), dietary fibre: 5 - 6 years: 14g; 7 - 10 years: 16g; 11 - 12 years: 19g  (EFSA, 2010b).*Chi squared test was used 

to assess difference between tertiles; Adjusted P value using Bonferroni correction method for multiple comparisons. 
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Table 4.5 Percentage of children meeting micronutrient dietary reference values across the tertiles of SFA and PUFA (%TE) 

 SFA PUFA 

 Low  Medium High   Low  Medium High   

Nutrient† n 200 n 200 n 200 P* n 200 n 200 n 200 P* 

Vitamin A (µg) 67 78 87 <0.001 83 75 74 0.690 

Vitamin C (mg) 75 70 65 1.000 74 71 65 1.000 

Vitamin D (µg) 2 4 3 1.000 2 2 4 1.000 

Vitamin E (µg) 33 30 35 1.000 26 32 40 0.225 

Vitamin B6 (mg) 90 88 87 1.000 89 90 85 1.000 

Vitamin B12 (µg) 99 99 100 1.000 100 100 99 1.000 

Riboflavin (mg) 88 88 94 1.000 94 92 83 0.015 

DFE (µg) 77 75 80 1.000 88 79 66 <0.001 

Sodium (mg) 54 61 44 0.060 57 54 48 1.000 

Potassium (mg) 58 57 64 1.000 66 58 56 1.000 

Calcium (mg) 35 53 66 <0.001 62 48 43 <0.001 

Magnesium (mg) 67 74 75 1.000 76 68 72 1.000 

Phosphorous (mg) 63 77 79 0.015 77 68 74 1.000 

Iron (mg) 73 72 71 1.000 75 74 67 1.000 

Zinc (mg) 49 60 71 <0.001 64 61 55 1.000 

% TE- percentage of total energy; DFE, Dietary Folate Equivalents; *Chi squared test was used to assess difference between tertiles; Adjusted P value using Bonferroni correction 
method for multiple comparisons; †See Appendix ii; Table 2 for sources. 
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Chapter 5  

Associations between intakes of saturated and polyunsaturated 

fatty acids and overall diet quality in Irish children 
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Abstract 

Background Improvements to the dietary fat profile in Irish school-aged children is 

warranted, particularly for saturated fatty acid (SFA) and polyunsaturated fatty acid 

(PUFA) intakes. Dietary quality scoring methods are valuable tools for assessing 

overall diet quality and a practical approach for evaluating adherence to dietary 

guidelines. 

Objective To investigate diet quality indices and examine any associations between 

SFA and PUFA intakes with overall diet quality in Irish children. 

Methods Analyses were based on data from the Irish National Children’s Food Survey 

II (NCFS II, 2019), a cross sectional study which collected detailed food and beverage 

intake data from a nationally representative sample of 600 children aged 5 – 12 years. 

To measure diet quality, two sets of quartiles were generated based on the Healthy 

Diet Indicator (HDI) and Diet Quality Index (DQI) scores. Differences in demographics, 

anthropometric data, energy, nutrient intakes and foods were subsequently evaluated 

across the quartiles. 

Results In the HDI, the highest diet quality scores displayed lower intakes of SFA (13 

%) and higher intakes of dietary fibre (17 g/d). High adherence to the DQI had a 

significantly lower intakes of total fat (30 %), SFA (12 %), MUFA (12 %) and PUFA (5 

%), whereas carbohydrate (54 %), total sugar (22 %) and fibre (16 %) increased. 

Participants with a higher diet quality in both indices exceeded the SFA threshold of 

less than 10 %, and participants with a higher DQI quality score failed to attain the 

recommended PUFA intakes (≥ 6 %).  

Conclusion Intakes of SFA improved significantly as diet quality increased across 

both DQI and HDI scores, with the DQI showing a greater difference. Overall, the DQI 

may be a better marker of diet quality in Irish children, but limitations are apparent. 

Future work should consider additional diet quality methods to draw conclusions 

concerning relationships between dietary fat and diet quality. 
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5.1 Introduction 

National and international dietary guidelines recommend that SFA intakes should be 

limited to 10 % of total energy (% TE) (World Health Organisation [WHO], 2003; Food 

and Agriculture Organisation of the United Nations [FAO], 2010; European Food Safety 

Authority [EFSA], 2017; Scientific Commitee on Nutrition [SACN], 2019). Due to the 

overwhelming evidence linking high SFA intakes to increases in total and low-density 

lipoprotein (LDL) cholesterol, a primary risk factor for the development of 

cardiovascular disease (CVD)  (Mensink, 2016; Te Morenga and Montez, 2017). 

However, it is important to note not all SFA may exert the same effects (Lenighan et 

al., 2019).  

Several meta-analyses examining dairy consumption and CVD showed milk and dairy 

products, excluding butter, were not associated with increases in CVD risk despite 

containing significant levels of SFA (Astrup, 2014; Qin et al., 2015; Alexander et al., 

2016). Whereas SFA derived from meat products, in particular red meat, has been 

associated with increases in CVD risk (de Oliveira Otto et al., 2012). Traditionally, 

individual nutrients have been observed in isolation when associating one nutrient to a 

specific health condition (Thorning et al., 2017). However, the individual effects of 

nutrients in relation to some chronic diseases may be more complex. Jacobs and 

Tapsell (2013) suggest the nutritional and physical properties of foods could cause 

interactions when digested and absorbed, altering the nutrient properties. Thus, 

examining nutrients in isolation could lead to inconsistent findings. For this reason, 

additional research to investigate dietary patterns is necessary and valuable as they 

take into consideration the potential complexities between different food components 

and support an overall diet quality approach.  

Previous studies have associated a wide range of nutrients and foods with SFA and 

PUFA intakes in children (Mikkilä et al., 2005; Sadler et al., 2015). Nevertheless, 

determining the relationship between dietary fat and overall diet quality may be more 

relevant in terms of health and would provide a more practical approach when 

evaluating adherence to dietary recommendations (Nube et al., 1987). Primarily 

developed for adults, diet quality indices assess the overall diet quality of dietary 

intakes. Although few indices have been adapted for children; the Healthy Eating Index 

(HEI) and the Mediterranean Diet Score (MDS) have previously been used in this 

population group (Feskanich et al., 2004; Kranz et al., 2008; Jennings et al., 2011; 

Vilela et al., 2014; Murakami and Livingstone, 2016; Hooshmand et al., 2018). In 
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addition, the DQI and HDI, originally developed in relation to diet-related chronic 

diseases, has also been applied in younger cohorts (Patterson et al., 1994; Huijbregts 

et al., 1997; Jennings et al., 2011). Given the established associations between SFA 

and chronic disease risk, and more recently the potential cardiovascular benefits of 

PUFA, the HDI and DQI were deemed the most appropriate scoring methods for the 

current population group. 

To date, associations between dietary fat and diet quality have not been investigated 

in Irish children. Therefore, the purpose of the present study was to firstly investigate 

the dietary quality scoring methods (HDI and DQI) and secondly, to examine any 

associations between SFA and PUFA intakes with overall diet quality in Irish children.  

 

5.2 Methods 

5.2.1 Study design and populations 

The National Children’s food survey II is a cross sectional food survey carried out 

between April 2017 and May 2018, conducted by the Irish Universities Nutrition 

Alliance (IUNA) (www.iuna.net). Ethical approval was obtained from the University 

College Cork Clinical Research Ethics Committee of the Cork Teaching Hospitals and 

the Human Ethics Research Committee of University College Dublin (ECM 4 (aa 

07/02/2017)). Written consent was obtained from all participants and 

parents/guardians in accordance with the Declaration of Helsinki. The survey 

examined habitual food and beverage intake of Irish children. In total, 600 children 

aged 5 – 12 years (300 boys, 300 girls) participated in the survey, with a response rate 

of 65 %. A more detailed description of the survey methodology is available in Chapter 

2 and an overview of the methods relevant to this study is described below. 

 

5.2.2 Dietary data collection and analysis 

Food and beverage intake data was determined using a 4-day weighed food diary. 

Additional information such as cooking methods, brand names of foods, recipe details, 

eating locations and participant definitions of eating occasions were recorded. Food 

intake data were assessed using Nutritics (Nutritics, Dublin, Ireland) which contains 

data from McCance and Widdowson's The Composition of Foods, sixth (Food 

Standards Agency, 2002) and seventh (Finglas et al., 2015) editions to generate 

http://www.iuna.net/


152 
 

nutrient intake data. A food composition database was generated listing each individual 

food item consumed by participants. Each food/beverage was recorded with its 

corresponding nutrient composition. Modifications were made to the food composition 

database to include recipes of composite dishes, nutritional supplements, generic Irish 

foods that were commonly consumed and reformulated foods. Each food was 

aggregated into one of 26 food groups. Further information on how these food groups 

were generated is described in detail in Chapter 3. 

 

5.2.3 Diet quality indices 

To measure diet quality, the DQI and HDI were calculated. Following modifications 

made to both indices by Jennings et al (2011), further adaptations were made to 

evaluate adherence to the dietary guidelines most appropriate to children in Ireland. 

Cholesterol was originally a component of both indices, however, the totality of 

evidence does not support the role of dietary cholesterol in the development of CVD 

and dietary guidelines have since removed this recommendation as a result (EFSA, 

2010b; U.S. Department of Health and Human Services and U.S. Department of 

Agriculture [USDA], 2015; Soliman, 2018). Therefore, cholesterol was excluded as a 

component from both indices. Subsequently, a large proportion of Irish children have 

inadequate intakes of vitamin D and calcium, essential for bone growth and 

development (Bueno and Czepielewski, 2008; IUNA, 2019). For this reason, vitamin D 

and calcium were incorporated into both scoring constructs. In the DQI, the final eight 

components of the score included total fat, SFA, vitamin D, fruit and vegetables, breads 

and cereals, protein, sodium and calcium. Breads and cereals were quantified using 

manufacturer’s information, food portion sizes and the IUNA Portion Sizes Database 

(Crawley, 1994; Lyons and Giltinan, 2013). The original scoring method coded intakes 

as 0 (good), 1 (satisfactory) or 2 (poor) (Appendix iii; Table 1). With final scores ranging 

from 0 – 16, the lower scores indicated better diet quality.  

The original HDI utilised the WHO dietary guidelines for the prevention of chronic 

diseases (WHO, 1990). In this analysis, the HDI used the most current WHO 

recommendations where applicable (WHO, 2003) and was calculated for each 

participant according to the format adopted by Jennings et al (2011). The HDI final 

score was based on the consumption of ten different components including SFA, 

PUFA, carbohydrates, free sugars, protein, vitamin D, calcium, sodium, fruit and 
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vegetables, and dietary fibre. A dichotomous variable was generated for each food 

group or nutrient based on dietary recommendations most appropriate for this cohort 

(Appendix iii; Table 1). If a child’s intake was within the recommended range, the 

variable was coded as 1, otherwise it was coded as 0. The HDI was the sum of all the 

variables, creating a scale of 1 – 10, with the higher score indicating better diet quality. 

For the purpose of this analyses, each child’s DQI score was subsequently reversed 

to facilitate direct comparisons with the HDI. 

 

5.2.4 Statistical analyses 

Statistical analyses were carried out using SPSS® for WindowsTM statistical software 

package version 24.0 (SPSS Inc. Chicago, IL, USA). Descriptive statistics were 

calculated for continuous variables as mean and standard deviation (SD), whereas 

categorical variables were reported as percentages. Two sets of quartiles were 

generated based on the participants’ total HDI and DQI quality scores, categorised into 

lowest, low, medium and high scores. To assess the differences in the demographic 

characteristics across the quartiles, one-way analysis of variance (ANOVA) with 

Scheffe post hoc test and chi-squared test were used as appropriate. A General Linear 

Model evaluated differences for anthropometric data, energy, nutrient intakes and 

foods consumed across quartiles of HDI and DQI scores while adjusting for under-

reporters. Bonferroni correction method was applied by multiplying each P value by 

the number of variables in each table. Statistical significance for all analyses in this 

study was classified as P ≤0.05 and those that exceeded 1.000 were recorded as 

1.000. 

 

5.3 Results 

5.3.1 Demographic and anthropometric characteristics 

No significant differences were apparent across quartiles of the HDI and DQI diet 

scores for age, gender, social class or supplement usage (Table 5.1). The percent 

under-reporters were significantly different across the quartiles for both HDI and DQI 

scores. Therefore, an adjustment was made for under-reporters for the remaining 

analysis in this study. Children’s mean anthropometric measurements were examined 

across the HDI and DQI groups, but no significant differences were observed. 
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5.3.2 Nutrient intakes  

Mean daily intakes of macro- and micronutrients are presented in Table 5.2 and 5.3. 

Across the HDI quartiles, SFA and protein (% TE) were significantly greater in those 

with the lowest HDI scores, whereas dietary fibre showed greater intakes in those with 

higher HDI scores. No other differences were apparent. Across the quartiles of DQI, 

several significant differences were evident. Children with a high DQI score had higher 

intakes of CHO, total sugar, dietary fibre and lower intakes of total fat, SFA, MUFA and 

PUFA (% TE and g/d) compared to those with the lowest scores. Micronutrient 

differences were also apparent, with greater levels of vitamin D, thiamine, riboflavin, 

dietary folate equivalents (DFE), potassium, magnesium and iron apparent in the high 

DQI quartile compared to the lowest. In addition, lower levels of sodium intakes were 

also observed in the highest quartile compared to the lowest.  

A 10 % difference in compliance with SFA recommendations was noted between the 

lowest and highest HDI scores (Figure 5.1). In the DQI, no children were successful 

adhering to SFA recommendations in the lowest quartile, whereas 18 % of children 

complied in the highest DQI quartile. In terms of PUFA compliance, 12 % of children 

with the lowest HDI scores adhered to recommendations compared to 62 % with the 

highest scores. In contrast, more children complied with PUFA recommendations in 

the lowest DQI quartile (47 %) compared to the highest quartile (23 %) equating to a -

13.5 % difference. Slight differences in macronutrient intakes were presented across 

the HDI scores, however, the largest percentage difference overall was observed for 

dietary fibre, showing that participants with a high score consumed 42 % more fibre 

than those with the lowest scores. Conversely, the DQI displayed considerable 

differences across the majority of macronutrients between the lowest and highest 

quartiles, with total sugars showing the largest difference of 38 %. All dietary fats 

including PUFA showed considerable reductions within the highest DQI scorers, with 

differences ranging from 13.5 – 23.5 % when compared to those with the lowest 

scores. 

 

5.3.3 Food groups 

Percentage energy contribution of food groups across dietary score quartiles are 

presented in Table 5.4. Across the quartiles for the HDI score, fresh meat contributed 

to lower energy in the highest scoring group compared to the lowest. Those with the 
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highest scores from the DQI had significantly lower energy from ‘meat products’, 

‘spreading fats and oils’ and ‘eggs and egg dishes’, whereas they had greater energy 

coming from ‘RTEBC’ and the miscellaneous food group categorised as ‘other’. No 

differences in food intakes were found across the HDI quartiles, although, the scoring 

system is predominantly based on nutrients instead of food (Appendix iii; Table 2). This 

was similar for the DQI scores with the exception of ready to eat breakfast cereals 

(RTEBC), which displayed significantly higher intakes in children with higher DQI 

scores compared to those with lower scores (Appendix iii; Table 3). 

 

5.4 Discussion 

In the present study, dietary quality indices were used to investigate the relationship 

between dietary fat and diet quality in Irish children. Clear differences in relation to 

nutrient intakes were apparent across quartiles of the DQI scores, more so than the 

HDI. While the current findings demonstrate that diet quality were inversely associated 

with children’s SFA intakes (% TE) in both indices, those with a high DQI score 

displayed a larger deviation between low and high quartiles (-22 %) compared to the 

HDI (-10 %) However, children with a higher DQI score unpredictably failed to attain 

the recommended PUFA intakes (≥ 6 %), whilst the lowest DQI scores were 

successful, with significantly higher intakes. The reverse can be observed in the HDI 

score; with the highest quartile having the highest intakes. Nevertheless, results were 

not significant within the HDI. 

Previously defined by Patterson et al. (1994), the DQI was originally developed in 

relation to diet related chronic diseases in the United States, which utilised eight 

recommendations established by the National Academy of Sciences in 1989 for those 

aged over two years. Similarly, the HDI was developed using the dietary guidelines for 

the prevention of chronic diseases, as defined by the WHO (WHO, 1990; Huijbregts et 

al., 1997). Although both scores largely focus on nutrient intakes with some 

consideration for food groups, many of their components have previously been 

identified as predictors of chronic diseases such as CVD, diabetes, obesity and even 

some cancers (Schwab et al., 2014). While both indices contained similar nutrient 

components, the differences in associations between the diet quality indices and 

nutrient intakes are attributable to the different scoring systems utilised to develop the 

scores. (Patterson et al., 1994; Huijbregts et al., 1997).   
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Other studies that have examined the HDI and DQI scoring methods have 

predominantly been examined in adult populations investigating chronic disease risk. 

For example, in a study of European adults, the HDI was applied accordingly and 

displayed significant associations between poor diet quality and CVD mortality (Stefler 

et al., 2014). Whereas Berentzen et al. (2013) reported that greater adherence to this 

index was not associated with reductions in overall cancer risk. In addition, the DQI 

has also shown positive associations with all-cause mortality in adults (Seymour et al., 

2003). Investigating weight status in children, Jennings et al. (2011) compared the HDI 

and DQI scores and found a body weight decrease of 1.6 % and 5.9 %, respectively, 

in those with higher diet quality scores compared with the lowest. In addition, children 

with the highest HDI and DQI scores displayed SFA intakes of 11.6 % and 12.7 %, 

respectively, both exceeding the recommended limit of 10 % TE. This demonstrates 

the prevalence of poor adherence to SFA recommendations in children, and it remains 

a concern even in those considered to have high quality diets. Whilst the evidence 

suggests both indices are effective markers for diet quality, it should be noted that all 

of the previously mentioned studies made adaptations to the diet quality scores, as did 

the current study to make the indices more applicable to an Irish population. Therefore, 

it is difficult to distinguish and compare which scoring methods are accurate indicators 

of diet quality when the components and scoring systems vary. 

Adaptations have also been made to additional diet quality scores for use in child 

populations’ (Feskanich et al., 2004; Marshall et al., 2014; Murakami and Livingstone, 

2016; Hooshmand et al., 2018). The most common index used in children is the HEI, 

based on the Dietary Guidelines for Americans (USDA, 2019), followed by the MDS 

(Trichopoulou et al., 1995). The HEI and MDS primarily focus on food over nutrient 

intake unlike the DQI and HDI scores adopted in the current study. Furthermore, many 

of these studies have reported associations between lower intakes of SFA and higher 

diet quality, irrespective of their different assessment methods and scoring systems 

(Feskanich et al., 2004; Jennings et al., 2011; Hooshmand et al., 2018; da Costa et al., 

2019). This suggests that diet quality scores focusing on food components could also 

be beneficial markers in terms of dietary fat and overall diet quality. Future 

considerations to compare all four indices would complement the present analysis and 

further support this area of research. 

In the current study, children with a higher quality diet displayed significantly lower 

intakes of SFA and greater intakes of dietary fibre across both diet indices. Low SFA 
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intakes are indicative of a healthy diet and several studies have shown that children 

consuming diets low in SFA consume higher amounts of healthful foods such as fruit 

and vegetables, wholegrain and fibre (Kelishadi et al., 2004; Mikkilä et al., 2005; Downs 

et al., 2009; O’Neil et al., 2011; Chong et al., 2017). In addition, high SFA diets have 

been associated with higher intakes of meat, dairy products, snacks and other energy-

dense foods (Kelishadi et al., 2004; Mikkilä et al., 2005; Powell and Nguyen, 2013; 

Campmans-Kuijpers et al., 2016). Yet, analysis from the present study found no 

associations between diet quality and the consumption of such foods. However, the 

percentage of energy contribution from fresh meat and meat products was significantly 

lower in participants with a higher HDI and DQI score, respectively. Furthermore, the 

food group categorised as ‘other’ contains a number of miscellaneous foods including 

grains, nuts and seeds, and fruit and vegetables. While no associations were observed 

between diet quality and the consumption levels of this food group, participants with 

higher DQI scores showed a significantly higher energy contribution from this food 

group. It is reasonable to suggest that the higher energy contributions are derived from 

higher intakes of grains, nuts and seeds, and fruit and vegetables within this group. In 

retrospect, dividing this food group into additional subgroups to account for such foods 

could provide further insight to the relationship between diet quality and these 

particular foods.  

While both indices accounted for total and SFA intakes, only the HDI considered PUFA 

intakes. For the purpose of this study, including PUFA as a component was an 

important element of the HDI due to the inadequate compliance levels recorded for 

PUFA intakes (71 %) in Irish children (Chapter 3). However, no differences in PUFA 

intakes were observed across the HDI scores. In addition, participants with a higher 

DQI score had unexpectedly lower PUFA intakes than those with a lower score. This 

was not in agreement with findings from previous studies where high PUFA intakes 

have been associated with better diet quality in addition to lower SFA intakes (Mikkilä 

et al., 2005). Primary sources of PUFA include oily fish, nuts, seeds and oils (EFSA, 

2010b), all of which are characteristic of healthier diets such as the Mediterranean and 

DASH diets (Willett et al., 1995; National Heart Lung and Blood Institute, 2006). 

Despite the contrary findings between PUFA intakes and overall diet quality in this 

study, previous analysis reported the top contributors of PUFA intakes in Irish children 

were ‘meat products’, ‘biscuits, cakes, pastries and buns’ and ‘breads and rolls’ 

(Chapter 3), atypical of a high quality diet. Therefore, higher consumption of these 



158 
 

foods in children with lower quality diets was anticipated, which would explain the 

higher PUFA intakes observed in this group. However, no associations between these 

food groups and diet quality were identified.  

Previously, studies have associated the consumption of wholegrain cereal products 

with higher quality diets and micronutrient rich foods (O'Neil et al., 2010). In addition, 

the fortification of RTEBC contribute significantly to micronutrient intake (Williamson, 

2010). A higher DQI score was associated with higher amounts of vitamin D, thiamin, 

riboflavin, total folate, DFE, potassium, magnesium and iron in Irish children, thus, 

reflecting the higher amounts of RTEBC consumed. Moreover, the significant 

increases observed in total sugar (g and % TE) across the DQI scores displays an 

inverse association between total sugars and SFA. A reciprocal relationship was also 

observed between total sugars and total fat, carbohydrates and SFA, carbohydrates 

and total fat. This seesaw effect may prove problematic when attempting to elicit 

changes in dietary fat intakes as a consequence of dietary fat reduction could ensue 

elevated levels of sugar intakes. Furthermore, as dietary guidelines are expressed as 

percentage energy, Sadler et al. (2015) states that the multitude of guidelines may be 

difficult to achieve in practice. 

Many foods and nutrients are strongly related, providing the basis for dietary patterns 

(Ambrosini, 2014). Unlike the traditional nutrition research methods whereby single 

nutrients and foods are examined and related to one specific disease, dietary pattern 

analyses has become a viable tool in the research process as it approaches the diet 

as a whole in order to comprehend the complex relationship between diet and disease 

(Moreno et al., 2010). However, Ambrosini indicates diet quality scores focus on 

selected food and nutrients rather than the whole diet and therefore, they are not 

empirically derived (Ambrosini, 2014). They emphasise that diet indices can be 

developed through arbitrary decisions regarding the selected components, cut-offs and 

scoring methods. They also warn against indices with heavy cultural influences such 

as the MDS, suggesting they may not be appropriate for many populations. 

Alternatively, they recommend dietary pattern methods that consider the total diet such 

as principal component analysis, factor analysis and cluster analysis (Ambrosini, 

2014).  

Advantages of the present study include the standardised method of dietary data 

collection derived from 4-day weighed food records. However, casual relationships 

cannot be established due to the cross-sectional nature of the study, thus, we can only 
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theorise the relationship between diet quality and dietary fat. The self-reporting nature 

of the food records increases the potential of reporting bias. Therefore, under-reporters 

were used as a covariate to control and adjust for misreporting, while the Bonferroni 

correction method for multiple comparisons was applied to further strengthen the 

statistical analysis. The absence of standardised weighted portions in Ireland created 

difficulties when assigning portion sizes to breads and cereals for DQI scoring. The 

DQI component group ‘breads and cereals’ was broad and included all bread and 

cereal types irrespective of their overall nutritional value. In retrospect, perhaps the 

emphasis should be on wholegrain breads and high and low fibre cereals instead. In 

addition, only two dietary quality indices were analysed in this study and on reflection, 

the examination and comparison of additional scores such as the HEI and MDS could 

be considered in future work. Furthermore, the diet quality scores utilised in this study 

were nutrient focused. While this was deliberate due to the focus on SFA and PUFA, 

the addition of food-based diet scores may give further insight into the associations 

between dietary fat and dietary quality, thus, strengthening the study. Moreover, efforts 

to develop and validate a diet quality score specific to children in Ireland or 

investigating diet quality by means of empirical dietary pattern methods could be more 

applicable for this research.  

In summary, children with a higher quality diet were associated with lower SFA intakes 

and higher dietary fibre intakes across the HDI and DQI scores. No associations were 

found between the HDI scores and PUFA intakes, whereas intakes were unexpectedly 

higher in those with a lower diet quality across the DQI scores. Overall, the DQI may 

be a stronger marker within this particular population group when reviewing overall diet 

quality. Although the components were based on diet-related chronic diseases and 

they addressed the current dietary concerns of Irish children, future work is warranted 

to compare additional diet quality indices with more focus on food components such 

as the HEI and MDS. Furthermore, empirical dietary pattern analysis could be 

investigated such as principal component analysis, factor analysis or cluster analysis, 

whereby the whole diet is considered over selected components.
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Table 5.1 Demographic and anthropometric factors across quartiles of the HDI and DQI diet quality scores in Irish children aged 5 - 12 years 

 HDI   DQI 

 Lowest Low Medium High   Lowest Low Medium High  

 (0-2) (3) (4) (5-7)   (2-5) (6) (7) (8-10)  

 n 141 n 195 n 164 n 100   n 150 n 132 n 134 n 184  
  Mean SD Mean SD Mean SD Mean SD P*  Mean SD Mean SD Mean SD Mean SD P* 

Demographics                    

     Age 9 2 9 2 9 2 9 2 0.312  9 2 9 2 9 2 9 2 0.691 

     Gender (%)         0.136          0.158 

           Male 43  54  48  56    45  46  50  57   

           Female 57  46  52  44    55  54  50  44   

     Social Class (%)         0.120          0.975 

          Professional  63  64  68  75    68  70  63  67   

          Non-manual 14  21  18  12    15  15  20  18   

          Skilled- manual 15  9  7  5    9  8  10  9   

          Semi-skilled/unskilled 8  7  7  8    8  8  7  7   

     Supplement user (%) 26  27  30  34  0.520  21  29  30  34  0.17 

                    

Under-reporters (%) 23  26  16  8  0.001  25  24  18  13  0.021 

Anthropometrics                    

     Weight (kg) 32.1 11.8 33.3 11.7 31.3 11.1 31.3 9.8 1.000  32.7 12.1 31.5 11.4 32.5 10.9 31.8 10.8 1.000 

     BMI (kg/m2) 17.5 3.1 17.5 2.93 17.2 3.0 17.0 2.47 1.000  17.3 3.14 17.4 3.17 17.4 2.57 17.3 2.79 1.000 

     Body fat (%) 20.4 6.4 19.9 6.09 20.7 6.3 19.4 6.15 0.162  20.0 6.40 20.5 6.61 20.6 5.72 19.8 6.13 1.000 

     Waist circumference (cm) 58.3 8.0 59.8 8.03 58.9 7.9 58.0 7.28 0.660  58.6 8.24 59.3 8.75 58.8 6.87 59.0 7.69 1.000 

     Hip (cm) 70.7 9.8 72.0 10.2 70.6 9.8 70.0 8.90 0.948  71.3 9.88 70.7 10.2 71.1 9.79 70.9 9.49 1.000 

     PA (MET minutes) 562 385 581 415 555 355 529 329 1.000   565 392 545 369 513 281 604 431 0.072 

HDI, Healthy Eating Indicator; DQI, Dietary Quality Index; n, number; SD, standard deviation; BMI, body mass index; PA, physical activity; MET, metabolic equivalent task; %TE- 
percentage of total energy; *One- way ANOVA was used with Scheffe post hoc test and chi-squared test to assess differences between quartiles for demographic factors, General 
Linear Model was used to adjust for under reporters and test for differences across quartiles for anthropometric data; Adjusted P value using Bonferroni correction method for multiple 
comparisons was also applied to anthropometric data. 
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Table 5.2 Mean daily intakes of energy and macronutrients across quartiles of the HDI and DQI in Irish children 

 HDI DQI 

 Lowest Low Medium High   Lowest Low Medium High   

 n 141 n 195 n 164 n 100  n 150 n 132 n 134 n 184  

 Mean  SD Mean  SD Mean  SD Mean  SD P* Mean  SD Mean  SD Mean  SD Mean  SD P* 

Energy (kcal) 1452 319 1448 326 1534 378 1597 397 1.000 1491 372 1432 334 1481 359 1561 346 1.000 

Protein (g/d) 60.5 16.5 58.3 16.5 59.5 17.1 59.9 20.4 1.000 60.4 17.2 58.4 15.3 58.9 17.3 59.6 18.9 1.000 

Protein (%TE) 16.7 2.85 16.1 2.98 15.5 2.57 14.9 2.38 0.048 16.3 2.70 16.4 2.68 15.9 2.56 15.2 3.05 1.000 

CHO (g/d) 188 45.8 191 45.1 206 48.3 217 53.2 1.000 180a 47.7 184 a 39.9 202 a 46.2 222b 46.9 <0.001 

CHO (%TE) 48.7 5.93 49.6 5.36 50.8 5.32 51.2 4.36 0.080 45.3a 4.15 48.6b 4.04 51.5c 4.3 53.7d 4.63 <0.001 

Total sugars (g/d) 72.1 23.0 72.9 25.6 76.7 26.1 80.2 27.1 1.000 62.2a 22.9 70.0b 19.2 75.2b 24.0 88.8c 26.0 <0.001 

Total sugars (%TE) 18.7 4.66 18.8 4.76 18.9 5.27 18.9 4.82 1.000 15.6a 3.99 18.5b 3.99 19.0b 4.14 21.5c 5.05 <0.001 

Total fat (g/d) 55.8 16.0 54.4 16.0 57.2 19.4 59.1 17.9 1.000 63.7a 17.7 55.8b 17.4 53.2b 16.5 52.8b 15.9 <0.001 

Total fat (%TE) 34.4 5.49 33.6 4.96 33.1 5.02 33.1 4.43 1.000 38.3a 3.76 34.6b 4.04 31.9c 3.73 30.2d 4.08 <0.001 

SFA (g/d) 23.8 7.51 22.8 7.14 24.1 8.33 23.6 7.49 1.000 26.5a 7.84 23.3b 7.00 22.7b 7.74 21.8b 7.14 <0.001 

SFA (%TE) 14.7a 3.07 14.1a 2.55 13.9ab 2.80 13.2b 2.48 <0.001 16.0a 2.44 14.6b 2.35 13.6c 2.40 12.4d 2.47 <0.001 

MUFA (g/d) 23.2 6.99 22.5 7.01 23.4 8.70 24.2 8.39 1.000 26.7a 7.82 23.1b 8.17 21.6b 6.69 21.6b 7.16 <0.001 

MUFA (%TE) 14.3 2.54 13.9 2.53 13.5 2.38 13.5 2.40 1.000 16.1a 2.04 14.2b 2.16 13.0c 1.72 12.3c 2.04 <0.001 

PUFA (g/d) 8.6 2.74 8.86 3.25 9.60 3.54 11.1 3.99 1.000 10.2a 3.58 9.22ab 3.55 8.69b 3.11 9.26ab 3.42 0.015 

PUFA (%TE) 5.3 0.99 5.48 1.36 5.59 1.28 6.24 1.44 0.096 6.1a 1.24 5.72b 1.43 5.24b 1.09 5.30b 1.27 <0.001 

Dietary fibre (g/d) 12.2a 3.21 13.0ab 3.47 15.0bc 4.76 17.3c 5.27 <0.001 13.2a 4.04 12.9a 3.43 13.8a 4.19 15.9b 5.15 <0.001 
HDI, Healthy Eating Indicator; DQI, Dietary Quality Index; n, number; SD, standard deviation; CHO, carbohydrates; SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; 
PUFA, polyunsaturated fatty acid; %TE- percentage of total energy.  abc Different superscript letters indicate significant differences in mean values across quartiles. *General 
Linear Model was used to adjust for under reporters and test for differences across quartiles. Adjusted P value using Bonferroni correction method for multiple comparisons. 
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Table 5.3 Mean daily intakes of micronutrients across quartiles of the HDI and DQI in Irish children 

 HDI DQI 

 Lowest Low Medium High   Lowest Low Medium High   

 n 141 n 195 n 164 n 100  n 150 n 132 n 134 n 184  

 Mean  SD Mean  SD Mean  SD Mean  SD P* Mean  SD Mean  SD Mean  SD Mean  SD P* 

Vitamin A (µg) 618 381 598 371 680 510 751 507 1.000 650 478 638 349 616 397 685 499 1.000 

Vitamin C (mg) 63.1 52.0 71.9 84.9 73.9 68.0 98.1 174 1.000 65.0 118 65.8 37.4 65.4 36.9 95.9 129 1.000 

Vitamin D (µg) 3.52 2.46 4.29 4.99 4.68 7.10 5.34 5.55 1.000 2.97a 2.13 3.72a 2.49 4.28ab 3.89 6.11b 8.34 0.018 

Vitamin E (µg) 5.87 2.98 6.79 3.81 7.21 4.15 7.95 3.84 1.000 6.31 2.95 6.68 4.03 6.68 4.13 7.65 3.86 1.000 

Vitamin B6 (mg) 1.40 0.52 1.47 0.59 1.65 1.18 1.56 0.56 1.000 1.29 0.47 1.52 1.20 1.59 0.73 1.66 0.59 0.072 

Vitamin B12 (µg) 4.54 2.68 4.54 1.99 4.87 2.48 4.54 2.18 1.000 4.55 2.80 4.75 2.00 4.80 2.49 4.49 1.99 1.000 

Thiamin (mg) 1.38 0.54 1.32 0.40 1.48 0.83 1.47 0.48 1.000 1.27a 0.52 1.32a 0.52 1.43ab 0.79 1.55b 0.49 0.036 

Riboflavin (mg) 1.46 0.59 1.56 0.66 1.68 0.73 1.69 0.65 1.000 1.36a 0.60 1.54ab 0.63 1.70b 0.73 1.74b 0.65 <0.001 

Total folate (µg) 183 63.4 200 69.8 221 94.4 239 80.9 1.000 170a 61.4 198b 76.1 216b 81.7 240c 81.0 <0.001 

DFE (µg) 216 91.6 242 109 266 143 291 121 1.000 194a 84.5 239b 119 266bc 125 294c 124 <0.001 

Total Niacin (mg) 28.9 8.75 28.3 9.28 29.1 9.10 29.6 10.3 1.000 27.5 8.77 28.1 8.28 29.2 9.21 30.3 10.2 0.414 

Sodium (mg) 1775 490 1632 458 1673 562 1639 516 1.000 1855a 553 1610b 472 1620b 511 1626ab 457 0.018 

Potassium (mg) 1896 538 1930 537 2070 570 2199 689 1.000 1891a 592 1942ab 504 1971a 581 2167b 599 0.018 

Calcium (mg) 744 247 768 300 837 307 815 286 1.000 731 294 752 259 819 316 842 278 0.270 

Magnesium (mg) 178 47.0 181 48.5 202 58.7 217 67.3 1.000 180a 55.3 183a 50.2 190a 50.6 209b 61.5 <0.001 

Phosphorous (mg) 974 274 970 299 1045 311 1037 320 1.000 985 320 980 269 1006 314 1031 297 1.000 

Iron (mg) 8.54 2.62 8.49 2.62 9.26 3.47 10.19 3.35 1.000 8.28a 2.94 8.43a 2.60 9.16ab 3.19 9.86b 3.15 0.036 

Zinc (mg) 7.34 2.46 7.04 2.39 7.21 2.44 7.61 2.98 1.000 7.31 2.50 7.10 2.43 7.23 2.53 7.33 2.62 1.000 
HDI, Healthy Eating Indicator; DQI, Dietary Quality Index; n, number; SD, standard deviation; DFE, dietary folate equivalents; %TE- percentage of total energy.  abcDifferent 
superscript letters indicate significant differences in mean values across quartiles. *General Linear Model was used to adjust for under reporters and test for differences across 
quartiles. Adjusted P value using Bonferroni correction method for multiple comparisons. 
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Figure 5.1 Percentage difference of macronutrient intake between the lowest and highest quartiles of 

the HDI and DQI diet quality scores.  

HDI, Healthy Eating Indicator; DQI, Dietary Quality Index; CHO, carbohydrate; SFA, saturated fatty acid; MUFA, 

monounsaturated fatty acid; PUFA, polyunsaturated fatty acid; %TE- percentage of total energy; General Linear 

Model was used to adjust for under-reporters and test for differences across quartiles (P ≤ 0.05). P value was 

adjusted using Bonferroni correction method for multiple comparisons. 
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Table 5.4 Percentage energy of food groups across quartiles of HDI and DQI scores in Irish children 

 HDI DQI 

 Lowest Low Medium High  Lowest Low Medium High  

 n 141 n 195 n 164 n 100 P* n 150 n 132 n 134 n 184 P* 

Fresh Meat 6.2 5.0 3.7 3.6 0.026 5.4 5.0 5.0 3.7 1.000 

Meat Dishes 4.5 4.4 3.8 3.0 1.000 4.6 4.4 3.5 3.7 1.000 

Meat Products 5.3 5.3 5.1 4.5 1.000 7.2 5.0 4.4 3.9 <0.001 

Whole Milk 4.1 6.0 5.9 4.9 1.000 4.7 5.8 6.6 4.6 1.000 

Low fat, skimmed & fortified milks 2.1 1.2 1.7 1.7 1.000 1.0 1.5 1.9 2.0 0.624 

Cheeses 3.0 2.5 2.5 2.0 1.000 3.4 2.7 2.4 1.9 0.520 

Butter 1.5 1.2 1.2 1.2 1.000 1.9 0.9 1.3 1.0 0.260 

Low-fat spreads 0.1 0.1 0.1 0.1 1.000 0.1 0.1 0.1 0.1 1.000 

Spreading fats and oils 1.4 1.5 1.4 1.5 1.000 1.9 1.3 1.0 1.4 0.026 

Ice cream and creams 1.4 1.3 1.4 1.2 1.000 1.2 1.3 1.5 1.4 1.000 

Puddings and chilled desserts 4.2 4.7 4.1 3.8 1.000 3.5 4.6 4.5 4.5 1.000 

Savouries 4.6 4.5 4.5 4.6 1.000 4.9 4.8 3.8 4.6 1.000 

Savoury snacks 2.8 2.4 2.4 3.5 1.000 3.1 2.4 2.7 2.5 1.000 

Soups, sauces & miscellaneous foods 1.5 1.3 1.4 1.3 1.000 1.5 1.6 1.1 1.3 1.000 

Biscuits, cakes pastries & buns 9.7 8.1 8.8 8.8 1.000 9.1 9.8 8.4 8.1 0.208 

Sugars, confectionary & preserves 6.3 6.0 5.6 5.4 1.000 5.5 5.5 6.3 6.0 1.000 

Potatoes 2.0 1.8 1.7 1.5 1.000 1.7 2.0 1.9 1.5 1.000 

Potatoes chipped, fried & roasted potatoes 2.4 3.1 2.8 3.9 0.104 3.4 3.0 2.5 3.0 1.000 

Potato products 0.6 0.9 0.6 1.0 1.000 0.7 0.8 0.7 0.7 1.000 

Fish, fish products & fish dishes 1.3 1.6 1.9 2.1 1.000 1.7 2.1 1.2 1.6 1.000 

Eggs & egg dishes 1.2 1.3 1.0 1.1 1.000 1.8 1.2 1.1 0.7 <0.001 

Vegetable & pulse dishes 0.3 0.4 0.3 1.1 1.000 0.5 0.6 0.3 0.5 1.000 

Breads & rolls 14.6 14.2 14.9 13.7 1.000 14.8 12.8 14.8 14.9 1.000 

RTEBC 5.8 7.3 7.1 8.2 1.000 4.4 6.9 7.7 8.9 <0.001 

Other* 13.0 14.0 16.0 16.2 0.260 11.7 13.9 15.3 17.3 <0.001 

Nutritional supplements 0.0 0.0 0.0 0.1 1.000 0.0 0.0 0.0 0.1 1.000 
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HDI, Healthy Eating Indicator; DQI, Dietary Quality Index; n, number; SD, standard deviation; RTEBC, ready to eat breakfast cereals; Other food groups include 
rice, pasta, flours, grains, other breakfast cereals, non-alcoholic beverages, nuts and seeds, herbs and spices, fruit, vegetables, other milk and milk-based 
beverages; abcDifferent superscript letters indicate significant differences in mean values across quartiles. *General Linear Model was used to adjust for under 
reporters and test for differences across quartiles. Adjusted P value using Bonferroni correction method for multiple comparisons. 
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Abstract 

Introduction Inadequate intakes of saturated fatty acids (SFA) and polyunsaturated 

fatty acids (PUFA) have been reported in Irish children. Dietary strategies such as food 

replacements can present an opportunity to improve dietary fat intake and adherence 

with national recommendations. 

Objectives To model the impact of food exchanges in order to improve SFA and PUFA 

intakes in Irish children. Nutrient intake, foods and compliance will be examined and 

compared with baseline data. 

Methods The National Children’s Food Survey II (NCFS II) estimated food and nutrient 

intakes in a representative sample of 600 children aged 5 – 12 years. The dietary 

strategy in this study consisted of a food-exchange model, whereby a selected a range 

of high SFA foods where exchanged with lower SFA or high PUFA alternatives. The 

exchangeable foods included dairy foods, meat and meat products and certain snack 

foods.  

Results Modelled intakes for total fat, SFA, monounsaturated fatty acids (MUFA) and 

trans fat presented significant decreases of 3 %, 3 %, 2 % and 0.1 % TE, respectively, 

whereas PUFA, omega 6 (n-6), omega 3 (n-3) and alpha-Linolenic acid (ALA) had 

significant increases of 0.97, 0.78, 0.24 and 0.05 % TE, respectively. Compliance with 

total fat, MUFA and trans fat recommendations remained adequate (100 %). 

Adherence to SFA recommendations significantly improved to 63 % from 18 %. In 

addition, PUFA compliance improved by 26 %, resulting in 100 % of the population 

achieving the recommended intakes. 

Conclusion The food-exchange model employed in this study successfully decreased 

SFA intakes and increased PUFA intakes, suggesting modest dietary changes to 

children’s diets can effectively improve their overall dietary fat profile. Despite the 

notable improvements, inadequate SFA intakes remain and further dietary strategies 

to address this issue are warranted. 
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6.1 Introduction 

Dietary fat is irrefutably associated with a number of chronic disease risks, namely 

cardiovascular disease (CVD) (Schwab et al., 2014). It is well established that elevated 

intakes of SFA in addition to low intakes of PUFA can have implications for 

cardiovascular health (Schwab et al., 2014). Furthermore, evidence suggests that the 

replacement of SFA with unsaturated fats, particularly PUFA, could reduce the risk and 

occurrence of CVD (Hooper et al., 2015; SACN, 2019). Dietary fat recommendations 

have been developed in response to this evidence and are an essential strategy to 

reduce the incidence of CVD, among other diet-related chronic diseases (Weech et al., 

2014). Despite this approach, SFA and PUFA intakes in children remain universally 

poor (European Food Safety Authority, 2010; Harika et al., 2011; Rippin et al., 2019). 

In Ireland, adherence to SFA and PUFA recommendations in school-aged children 

have shown only slight improvements over the last fourteen years (Chapter 3) and 

progress is still needed, in particular for SFA compliance.  

A number of studies have highlighted the importance of considering the multitude of 

factors known to influence diet quality and thus, they advise a combination of strategies 

to combat various dietary issues within a population (Levy, 2013; Mozaffarian et al., 

2018). Therefore, additional approaches need to be explored to ensure the success of 

dietary fat change in children at a population level. In addition to educational measures 

such as dietary recommendations, a number of product reformulation and food 

replacement strategies have been proposed to improve the dietary fat profile. For 

example, reformulation efforts have been applied to dairy products through the 

alteration of bovine feeding practices, whereby dairy cows are fed high MUFA and 

PUFA diets, thus, modifying the fatty acid composition of the milk (Kliem et al., 2011). 

Furthermore, a number of intervention studies have reported significant reductions in 

cholesterol levels following the consumption of such modified milk and dairy products, 

suggesting dietary fat modification measures at an agricultural level could be useful for 

improving cardiovascular health (Poppitt et al., 2002; Seidel et al., 2005; Malpuech-

Brugere et al., 2010). However, the cost of animal feed constitutes a large proportion 

of the total cost in the agricultural sector, and dietary modifications at this level could 

be costly and difficult to implement (Finneran et al., 2010). 

Intervention studies such as the Dietary Intervention and Vascular Function (DIVAS) 

study and LIPGENE have investigated alternative food replacement strategies such as 



174 
 

food exchange-models in adult cohorts, successfully modifying dietary fat intakes 

without altering other components of the diet, thus, providing minimal disruption to 

participants dietary habits (Shaw et al., 2008; Weech et al., 2014). In addition, these 

flexible modelling approaches enable participants to make practical and sustainable 

dietary substitutions, improving their dietary fat profile with minimal effort. Despite the 

improvements to dietary fat intakes observed during the abovementioned modelling 

exercises, if these strategies were implemented at a population level, they would rely 

heavily on personal choice and responsibility (Mozaffarian et al., 2018). Nevertheless, 

a number of approaches are required to achieve overall improvements to dietary intake 

(Levy, 2013). Hence, food-exchange models developed for long term substitution of 

specific foods could be a valuable tool to enhance existing dietary guidelines, further 

contributing to improvements in diet quality.  

Food-exchange modelling in child populations is scant and modelling strategies to 

improve dietary fat intakes have never been examined in Irish school-aged children. 

Therefore, the purpose of this present study is to describe and examine dietary 

modification approaches influenced by food-exchange models and to explore potential 

strategies to improve SFA and PUFA intakes in Irish children.  

 

6.2 Methods 

6.2.1 Study design and populations 

The present analysis is based on the cross-sectional National Children’s Food Survey 

II (NCFS II) which examined habitual food and beverage intake of children residing in 

the Republic of Ireland. The survey was conducted between April 2017 and May 2018. 

A total of 600 children (300 boys, 300 girls) aged 5 – 12 years took part in the survey. 

A more detailed account of the overall survey methodology is available in Chapter 2. 

The methods relevant to the analysis in this chapter is described in detail below. 

 

6.2.2 Dietary data collection and analysis  

A 4-day weighed food diary was used to collect food and beverage intake data. 

Additional information such as cooking methods, brand names of foods, recipe details, 

eating locations and participant definitions of eating occasions were recorded. Food 
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intake data were assessed using Nutritics (Nutritics, Dublin, Ireland) which contains 

data from McCance and Widdowson's The Composition of Foods, sixth (Food 

Standards Agency, 2002) and seventh (Finglas et al., 2015) editions to generate 

nutrient intake data. A food composition database was generated listing each individual 

food item consumed by participants. Each food item was recorded with its 

corresponding nutrient composition. Modifications were made to the food composition 

database to include recipes of composite dishes, nutritional supplements, generic Irish 

foods that were commonly consumed and reformulated foods. All food and beverages 

consumed were aggregated into one of 26 food groups as previously outlined 

(Chapters 3 – 5). 

 

6.2.3 Dietary Modifications 

A food-exchange model was established to evaluate potential improvements to the 

dietary fat profile in Irish children. Adapted from Weech et al. (2014) the model in this 

study was based on the major contributors of SFA intakes in Irish children as outlined 

in Chapter 3. It was important that the sources were easily accessible within the diet, 

or ‘exchangeable’. Shaw et al. (2008) defines exchangeable fat as not intrinsic within 

a food product; easily removed and replaced from the diet. Therefore, the food sources 

of exchangeable fat selected in this study include specific dairy products, meat 

products and snack foods (Table 6.1). The proposed model exchanged the selected 

high SFA exchangeable foods with lower SFA and/or higher PUFA alternatives 

commonly consumed in this sample of Irish children or common in the Irish market. 

For example, whole milk and cheese were replaced with low fat alternatives; fatty 

meats, fried meats and processed meat products were replaced with leaner cuts, 

grilled or lower fat alternatives. Butter and butter spreads were replaced with a high 

PUFA spread (39 %). In addition, all biscuits including cookies were replaced with a 

lower SFA ‘plain’ alternative, whereas popcorn, cream crackers and rice cakes were 

substituted with lower fat alternatives. Following these dietary modifications, the 

modelled mean daily intakes were generated and compared with baseline intakes. 
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6.2.4 Statistical analyses 

Statistical analyses were conducted using SPSS® V24.0 for Windows™ (SPSS Inc. 

Chicago, IL, USA). Descriptive statistics including mean and standard deviation were 

calculated for daily total fat, SFA, MUFA, PUFA, n-6, n-3, trans fat, ALA, 

eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) intakes (g/day and 

%TE) for the total population and by gender and age. The percentage contribution from 

each food group to total fat and fatty acid constituents was also calculated. 

Independent sample t-tests were utilised to compare fatty acid intakes between 

baseline and modelled intakes and across gender and age. All were adjusted using 

the Bonferroni correction method for multiple comparisons. Compliance with UK (DOH, 

1991; 1994; SACN, 2019) and EFSA (EFSA, 2010) dietary fat intake recommendations 

was assessed using the approach described by Wearne and Day (1999). Statistical 

significance for all analyses in this study was classified as P ≤0.05 and those that 

exceeded 1.000 were recorded as 1.000.  

 

6.3 Results 

6.3.1 Intakes of energy and dietary fat 

Comparisons between baseline and modelled intakes of energy, total fat and 

constituent fatty acids (g/day and % TE) are displayed in Table 6.2 and 6.3. 

Predictably, significant changes were observed across the majority of fatty acids. Total 

fat, SFA, MUFA and trans fat presented significant decreases of 3 %, 3 %, 2 % and 

0.1 % TE, respectively, whereas PUFA, n-6, n-3 and ALA had significant increases of 

0.97, 0.78, 0.24 and 0.05 % TE, respectively. No changes were apparent for energy, 

EPA and DHA. Similar patterns existed across energy and the majority of fatty acids 

when examined by g/day. In addition, similar trends were observed across gender and 

age as noted in the total population. No differences were observed between baseline 

and modelled micronutrient intakes with the exception of vitamin E, which significantly 

increased from 6.87µg/day at baseline to 8.10µg/day (Table 6.4).  
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6.3.2 Percentage contribution of food groups to dietary fat 

Comparisons of the percentage contribution of food groups to dietary fat between 

baseline and modelled data are presented in Table 6.5 and 6.6. Modelled dietary 

intakes continue to show that ‘biscuits cakes, pastries and buns’ are among the top 

sources of total fat, SFA, and MUFA. While there was a notable shift across their 

remaining top sources, ‘low fat, skimmed & fortified milks’ and ‘sugars, confectionary 

& preserves’ became prominent contributors of SFA. ‘Breads and rolls’ remained a key 

source of PUFA in the modelled dietary intakes but a significant increase in the 

contribution of ‘spreading fats and oils’ was evident, rising from 5 to 20 %. Whilst ‘fresh 

meat’ and ‘fish, fish products and fish dishes’ remained top contributors for EPA and 

DHA, ‘low fat, skimmed and fortified milks’ became a top contributor of EPA intakes, 

whereas ‘egg and egg dishes’ became a main source of DHA intakes. Furthermore, 

the major sources of trans fat remained the same with the exception of ‘whole milk’ 

reducing to 0 % and ‘low fat, skimmed & fortified milks’ increasing its contribution from 

4.8 to 20.1 %.  No changes to the top contributors were evident for MUFA and ALA. 

The differences in the percentage contribution of exchangeable food groups to SFA 

and PUFA intakes at baseline and model are displayed in Figure 6.1 and 6.2. 

Significant reductions in the contribution of dairy products to SFA were observed, most 

notably for ‘whole milk’ (12 %) and ‘butter’ (5 %). In contrast, significant increases were 

observed for ‘spreading fats and oils’ (3 %) and ‘low fat, skimmed and fortified milks’ 

(8 %). In addition, ‘meat products’ demonstrated significant reductions in contribution 

to total fat, SFA, MUFA and PUFA (Table 6.5). While ‘fresh meat’ showed a significant 

decrease in its contribution to PUFA intakes, its overall contribution to EPA and DHA 

intakes increased (Table 6.6). Despite fat exchanges made to certain snacks and 

biscuits, no significant differences between these food groups were apparent across 

many of the fatty acids. Although, the contribution of ‘savoury snacks’ to SFA reduced 

significantly, whereas its contribution to trans fat increased by 0.7 %. Furthermore, the 

contribution of ‘biscuits cakes, pastries and buns’ to PUFA significantly decreased and 

increased its contribution to ALA. 
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6.3.3 The percentage of Irish children adhering to dietary fat recommendations 

The difference in the percentage of the total population of children adhering to dietary 

fat recommendations (% TE) for each fatty acid are illustrated in Figure 6.3. No 

changes were observed in the level of compliance to the recommendations for total fat 

(100 %), MUFA (100 %) and trans fat (100 %). Compliance with SFA recommendations 

significantly improved by 262 %, with 63 % overall complying with the ≤ 10 % 

recommendation. In addition, the adherence of PUFA recommendations improved by 

26 %, resulting in 100 % compliance within the total population. In contrast, the 

compliance rate of EPA and DHA slightly reduced, displaying a percentage difference 

of approximately 3 %.  

 

6.4 Discussion 

The present study is the first to use nationally representative data to model the effects 

of a food-exchange strategy to improve the dietary fat profile in school-aged Irish 

children. The results show that the food-exchange model was successful, creating 

favourable changes to dietary fat intakes. The replacement of the variety of foods 

containing exchangeable fat reduced children’s mean daily intakes of SFA from 14 % 

to 11 %, and improved the adherence of SFA recommendations by 262 %. In addition, 

mean PUFA intakes increased from 5.6 % to 6.6 % and adherence to PUFA 

recommendations successfully improved to 100 % compliance. The findings 

demonstrate how modest food substitutions can effectively improve diet quality and 

can be achieved without compromising additional nutrient intakes or the composition 

of the overall diet. Although the objectives of this study were largely achieved, 

deviations from the recommendations still remain for SFA intakes. Furthermore, 

despite the population reaching 100 % compliance for total PUFA recommendations, 

n-3 fatty acids EPA and DHA reduced slightly among Irish children and remain below 

recommended levels (139 mg/day).  

The food-exchange model employed in this study proposed improvements to SFA 

intakes based on replacing key dietary sources of SFA with lower SFA alternatives. In 

addition, it was essential that the foods chosen contained exchangeable fats to ensure 

minimal dietary disturbance. The chosen exchangeable foods consisted mainly of dairy 

products and meat products and to a lesser extent some savoury snack foods. 
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Furthermore, the exchangeable foods were in line with current Irish dietary guidelines 

and realistic in terms of implementation. As indicated in Chapter 3, ‘whole milk’ is the 

top contributor of SFA in Irish children. However, as milk is considered to be a nutrient 

rich food, providing additional micronutrients such as calcium, iodine, vitamins A, B6, 

B12, riboflavin, magnesium, potassium, phosphorus and zinc, it is paramount that milk 

remains a staple food within Irish children’s diets as it contributes significantly to the 

adequacy of these micronutrients (Wade et al., 2017). The replacement of all ‘whole 

milk’ with a low fat alternative ensures the continuation of habitual milk consumption 

and micronutrient intake, while significantly reducing SFA intakes as well as trans fat 

intakes. Similar exchanges were applied for cheese and reductions of cheese 

contribution to SFA intakes were observed, although not as large. Previously in 

Chapter 4, milk and milk products accounted for a large proportion of the differences 

in SFA intakes between low and high consumers. These findings are in agreement 

with other studies that have reported milk and milk products as major sources of SFA 

intakes in children and adolescents across the globe (Patterson et al., 2010; Reedy 

and Krebs-Smith, 2010; Rangan et al., 2012; Vyncke et al., 2012). Dairy products 

collectively contribute 27 % to SFA intakes in Irish children. Thus, strategies such as 

the food-exchange applied in this study may have more impact in improving SFA 

intakes through the simple replacement of full-fat dairy products to low-fat alternatives, 

as it does not heavily rely on dietary behaviour change nor does it impact negatively 

on additional nutrients. However, some have debated that dairy SFA is not associated 

with increases in CVD risk and may potentially contain cardio-protective properties 

(Astrup, 2014; Qin et al., 2015; Alexander et al., 2016). It should be acknowledged that 

all SFA are not created equal and vary considerably depending on their chain length. 

Different types of SFA are found in a variety of foods and contain very different SFA 

profiles. For example, palmitic (16:0) and stearic acid (18:0) are the most abundant 

dietary SFA and are found mostly in animal, plant seed and vegetable lipids. Whereas 

odd-chain fatty acids, pentadecanoic acid (15:0) and heptadecanoic acid (17:0) are 

typically found in dairy fats (de Oliveira Otto et al., 2012). Some studies have shown 

that odd-chain SFA have inverse associations with diabetes and CVD risk (Sun et al., 

2007; Warensjö et al., 2010; Khaw et al., 2012). This suggests that it may not be 

appropriate to approach all high SFA foods in the same way. Nevertheless, it is 

imperative that dietary guidelines are practical and easily translated to the public. Thus, 

additional information on the different types of SFA may add to consumer confusion. 

In addition, current dietary guidelines recommend that total SFA intakes provide no 
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more than 10 % TE, irrespective of food source and that low-fat dairy products should 

be chosen over full-fat (DOH, 1994; SACN, 2019; DOH, 2019). While investigating the 

different types of SFA and their association with cardiovascular health is necessary in 

nutrition research, it is beyond the scope of this thesis. 

The replacement of fresh meat and meat products were also investigated, as they also 

contribute significantly to SFA intakes in Irish children. Although, others have cautioned 

over the exchangeable fat within these products such as the LIPGENE intervention 

study, which developed a food-exchange model to manipulate overall dietary fat intake 

in a large European adult cohort. Similar to this study, their model was based on 

exchangeable fat. They described this as fat that was not intrinsic within a food, 

whereby it could be easily removed and replaced (Shaw et al., 2008). Therefore, they 

excluded meat and meat products from their model as they indicated it would be 

difficult to manipulate the fat within these foods, despite these products significantly 

contributing to SFA intakes. Nonetheless, the model utilised in the present study 

selected meat and meat product replacements that minimised additional changes to 

the composition of the food. For example, fatty meats were replaced with leaner cuts 

of the same product and cooking methods such as fried were substituted for grilled or 

dry-fried alternatives. And whilst a statistically significant reduction was observed in 

their contribution to PUFA intakes, no negative outcomes were observed for mean 

PUFA intakes or overall PUFA compliance. In addition, no differences were noted in 

micronutrient intakes. 

To further reduce SFA intakes and improve compliance, additional food exchanges 

were made from a variety of snack foods such as biscuits (all kinds), popcorn, rice 

cakes and cream crackers. Even though some of the fat within these foods are 

arguably non-exchangeable, particularly for biscuits, dietary guidelines classify these 

products as foods high in fat, sugar and salt and are therefore, to be avoided as much 

as possible (DOH, 2019). The approach taken in this study has merely replaced these 

products with low SFA alternatives. Preferably, some of these foods should be 

excluded or intakes reduced in the children’s diets which would drastically improve 

their overall diet quality. However, this would require a significant change to children’s 

dietary patterns. As dietary patterns are influenced by a number of complex factors, a 

multitude of strategies beyond educational measures would be required to shift 

consumption habits surrounding these confectionary foods at a population level (Afshin 

et al., 2015).  
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Previous legislative measures such as bans and mandatory reformulation have proven 

successful for reducing trans fat intakes across Europe (WHO, 2015; FSAI, 2016). 

Furthermore, taxation measures have also been implemented to reduce sugar intakes 

as research has suggested that an increase in price for high sugar foods can 

significantly influence the amount of sugar consumed (Powell et al., 2013; WCRF, 

2018; Capacci et al., 2019). Given the adverse health effects associated with elevated 

SFA intakes, the WHO have urged for further taxation measures to be applied to high 

fat and SFA foods (WHO, 2016). Modelling the health impacts of a fat tax in Europe, 

Schönbach et al. found that the implementation of a SFA tax could significantly reduce 

the prevalence of ischemic heart disease (Schönbach et al., 2019). In addition, they 

hypothesise that this would encourage industry to replace foods high in SFA with 

PUFA, another recommended strategy to improve the dietary fat profile (SACN, 2019; 

Schönbach et al., 2019). Therefore, relying on a food-exchange approach to radically 

reduce the consumption of high fat confectionary foods may not be sufficient in 

isolation and would require additional support. Of note, SFA levels in Irish children still 

remain above 10 % TE threshold, irrespective of the number of food-exchanges 

applied within the current model. Thus, emphasising the complexity and difficulty in 

reducing SFA intakes to recommended levels.  

In order to increase PUFA intakes and compliance within the population in the current 

study, the previously mentioned SFA replacement strategy was incorporated into the 

food-exchange model, whereby butter and butter spreads containing high amounts of 

SFA were replaced with high PUFA spreads. This single replacement strategy to 

improve PUFA intakes and compliance proved successful, with modelled mean daily 

intakes meeting the recommendation of over 6 % TE. Compliance also reached 100 

% within the total population. However, EPA and DHA intakes remained fixed and well 

below the recommended 250mg/day (ESFA, 2010). Given their known health benefits 

in children such as contributing to adequate brain function and cognitive development, 

poor intakes of EPA and DHA in Irish children need to be addressed (Uauy and 

Dangour, 2006). The SACN recommend two portions of fish a week, averaging at 140g 

each (one white, one oily) which equates to 40g of fish per day (SACN, 2004). Despite 

‘fish, fish products & fish dishes’ being a key source of EPA and DHA in Irish children, 

the average consumption is currently only 14g/day (data not shown). While strategies 

to promote increases in the consumption of fish is the most obvious approach to 

improve EPA and DHA intakes, this could prove difficult in a western society where 
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fish intakes are generally low (Simopoulos, 2006). While supplementation can play a 

role in increasing EPA and DHA intakes, they are not routinely recommended in 

healthy individuals whereas food sources, particularly fish, are encouraged (INDI, 

2019). Other measures such as n-3 fortification have been tested but challenges 

remain due to formulation issues in addition to a lack of consumer interest (Jacobsen, 

2010; Ganesan et al., 2014). Although, reformulation efforts have successfully 

enriched foods with n-3 such as poultry and eggs through the supplementation of 

animal feed (Rymer and Givens, 2005; Khan et al., 2017), which highlights other 

potential opportunities to improve EPA and DHA intakes through commonly consumed 

foods.  

A key strength of the current study is applying a food-exchange modelling approach 

on a nationally representative dataset with the comprehensive dietary intake and 

composition data aiding the process of exchanging foods within the population. In 

addition, the food-exchange model created significant changes to Irish children’s 

dietary fat profile with minimal disturbance to their dietary habits, thus increasing the 

model’s likelihood of success. However, due to the study’s cross-sectional design this 

study is limited in evaluating the effectiveness of the food-exchange model and 

additional intervention studies would be required to further evaluate the direct impact 

and credibility of the model. Furthermore, misreporting of energy intake are common 

limitations with dietary assessments, and while 20 % of participants in this study were 

classified as under-reporters they were not excluded in this analysis to keep a level of 

consistency with the previous chapters. In addition, the estimation of usual intakes was 

not employed for this food-exchange model, which would have offered better accuracy 

of estimated nutrient intakes.  

In conclusion, based on real food consumption data, the food-exchange model 

employed in this study has shown that targeted dietary fat strategies can effectively 

decrease SFA intakes as well as increase PUFA intakes in Irish children, improving 

their overall dietary fat profile. Moreover, if the total population conformed to the food 

exchanges examined in this study, it would result in dramatic increases in compliance 

with SFA and PUFA dietary guidelines. However, whilst notable improvements were 

made, SFA intakes still remained above recommended intakes and overall compliance 

remained inadequate. Furthermore, adherence to EPA and DHA recommendations 

remained poor, despite improvements to total PUFA intakes. Nevertheless, this study 

indicates modest food-exchange methods can result in small but significant 
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modifications to children’s diets, thus, improving their dietary fat profile considerably 

with minimal changes to dietary habits. It is noteworthy that one strategy cannot 

independently elicit behaviour change at a population level and a number of 

approaches delivered together would yield more effective results.  
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Table 6.1 Exchangeable foods for SFA and PUFA replacement model for use in Irish children aged 5 - 12 years  

Baseline foods   Replacement foods 

Whole milk  Low fat/semi-skimmed milk 

Full fat cheese  Reduced fat cheese 

Butter/butter spreads  High PUFA spreads 

Snacks*  Low fat alternatives i.e. semi sweet biscuits (rich tea type), plain rice cakes 

Fresh meat  Lean cuts, grilled not fried 

Meat products   Low fat burgers and sausages, meat with fat trimmed, grilled not fried 

*Includes all biscuits, cookies, cream crackers, rice cakes, popcorn 
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Table 6.2 Comparison of energy, total fat (g/d, mg/d and %TE) and its constituent fatty acids in Irish children between baseline and food-exchange 
modelled intakes for the total population and gender 

  Total Population Gender 

  Baseline Model   Baseline Model   Baseline Model   

      Boy  Boy   Girl Girl  

 (n600) (n600)  (n300) (n300)   (n300) (n300)  

  Mean  SD Mean  SD P* Mean  SD Mean  SD P* Mean  SD Mean  SD P* 

Energy (kcal/d) 1502 364 1442 348 0.084 1596 391 1529 374 0.609 1402 303 1350 293 0.735 
                

Total fat (g/d) 56.4 17.9 49.1 15.9 <0.001 59.9 19.4 51.7 17.3 <0.001 52.8 15.3 46.4 13.8 <0.001 

SFA (g/d) 23.5 7.76 18.2 6.12 <0.001 24.6 8.12 19.0 6.54 <0.001 22.2 7.18 17.5 5.54 <0.001 

MUFA (g/d) 23.4 7.98 20.0 7.04 <0.001 25.0 8.77 21.2 7.71 <0.001 21.6 6.65 18.7 6.00 <0.001 

PUFA (g/d) 9.41 3.55 10.6 4.16 <0.001 10.1 3.92 11.15 4.48 0.042 8.71 2.95 9.99 3.71 <0.001 

n-6 (g/d) 6.11 2.33 7.11 2.91 <0.001 6.59 2.51 7.51 3.05 <0.001 5.60 2.01 6.69 2.68 <0.001 

n-3 (g/d) 1.29 0.91 1.62 1.05 <0.001 1.37 1.08 1.68 1.20 0.021 1.20 0.66 1.56 0.87 <0.001 

Trans-fat (g/d) 0.81 0.38 0.66 0.30 <0.001 0.83 0.37 0.68 0.29 <0.001 0.79 0.39 0.65 0.32 <0.001 

ALA (g/d) 1.05 0.59 1.09 0.61 1.000 1.10 0.52 1.14 0.55 1.000 0.99 0.66 1.04 0.67 1.000 

EPA (mg/d) 63.1 259 60.5 260 1.000 73.7 349 71.0 349 1.000 52.0 98.6 49.4 98.6 1.000 

DHA (mg/d) 80.4 284 78.6 284 1.000 92.2 381 90.4 381 1.000 67.9 115 66.1 115 1.000 
                

Total fat (%TE) 33.6 5.04 30.4 4.94 <0.001 33.4 4.95 30.1 4.84 <0.001 33.7 5.14 30.7 5.03 <0.001 

SFA (%TE) 14.0 2.76 11.3 2.27 <0.001 13.8 2.62 11.1 2.23 <0.001 14.2 2.88 11.6 2.28 <0.001 

MUFA (%TE) 13.9 2.48 12.3 2.40 <0.001 13.9 2.46 12.3 2.35 <0.001 13.8 2.51 12.3 2.45 <0.001 

PUFA (%TE) 5.59 1.31 6.56 1.75 <0.001 5.62 1.30 6.50 1.71 <0.001 5.56 1.32 6.63 1.80 <0.001 

n-6 (%TE) 3.63 0.89 4.41 1.30 <0.001 3.69 0.88 4.39 1.25 <0.001 3.57 0.90 4.43 1.34 <0.001 

n-3 (%TE) 0.76 0.38 1.00 0.49 <0.001 0.76 0.40 0.98 0.49 <0.001 0.77 0.36 1.03 0.49 <0.001 

Trans-fat (%TE) 0.49 0.19 0.41 0.16 <0.001 0.47 0.18 0.40 0.14 <0.001 0.51 0.20 0.43 0.17 <0.001 

ALA (%TE) 0.62 0.29 0.67 0.30 0.042 0.61 0.22 0.66 0.24 0.231 0.63 0.35 0.69 0.36 0.882 

EPA (%TE) 0.04 0.10 0.04 0.11 1.000 0.04 0.13 0.04 0.13 1.000 0.03 0.06 0.03 0.07 1.000 

DHA (%TE) 0.05 0.11 0.05 0.12 1.000 0.05 0.14 0.05 0.14 1.000 0.04 0.08 0.04 0.08 1.000 
n- number of participants; SD- standard deviation; g/d, grams per day; mg/d, milligrams per day %TE- percentage of total energy; *Independent samples t test for 
comparison of means between baseline and the model split by gender; SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty 
acid; n-6, omega 6; n-3, omega 3; ALA, alpha-linolenic acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid. 
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Table 6.3 Comparison of energy, total fat (g/d, mg/d and %TE) and its constituent fatty acids in Irish children between baseline and food-exchange 
modelled intakes for the total population and age group 

  Total Population Age 

  Baseline Model   Baseline Model   Baseline Model   

      5-8 years 5-8 years   9-12 years 9-12 years  

 (n600) (n600)  (n300) (n300)   (n300) (n300)  
  Mean  SD Mean  SD P* Mean  SD Mean  SD P* Mean  SD Mean  SD P* 

Energy (kcal/d) 1502 364 1442 348 0.084 1383 286 1325 269 0.273 1612 393 1549 378 0.924 
                

Total fat (g/d) 56.4 17.9 49.1 15.9 <0.001 51.8 14.4 44.7 12.3 <0.001 60.8 19.7 53.1 17.7 <0.001 

SFA (g/d) 23.5 7.76 18.2 6.12 <0.001 22.1 6.97 17.0 5.33 <0.001 24.8 8.23 19.4 6.57 <0.001 

MUFA (g/d) 23.4 7.98 20.0 7.04 <0.001 21.1 6.10 17.9 5.30 <0.001 25.5 8.88 21.9 7.84 <0.001 

PUFA (g/d) 9.41 3.55 10.6 4.16 <0.001 8.47 2.66 9.63 3.10 <0.001 10.3 4.01 11.5 4.79 0.021 

n-6 (g/d) 6.11 2.33 7.11 2.91 <0.001 5.42 1.77 6.41 2.24 <0.001 6.74 2.59 7.76 3.28 <0.001 

n-3 (g/d) 1.29 0.91 1.62 1.05 <0.001 1.15 0.49 1.48 0.65 <0.001 1.42 1.15 1.76 1.31 0.021 

Trans-fat (g/d) 0.81 0.38 0.66 0.30 <0.001 0.79 0.35 0.64 0.29 <0.001 0.84 0.40 0.69 0.31 <0.001 

ALA (g/d) 1.05 0.59 1.09 0.61 1.000 0.9 0.4 0.95 0.40 1.000 1.17 0.71 1.22 0.74 1.000 

EPA (mg/d) 63.1 259 60.5 260 1.000 55.8 98.5 53.2 98.4 1.000 69.8 347 67.2 347 1.000 

DHA (mg/d) 80.4 284 78.6 284 1.000 73.2 125 71.3 125 1.000 87.0 376 85.2 376 1.000 
                

Total fat (%TE) 33.6 5.04 30.4 4.94 <0.001 33.5 4.92 30.2 4.85 <0.001 33.6 5.15 30.5 5.03 <0.001 

SFA (%TE) 14.0 2.76 11.3 2.27 <0.001 14.2 2.71 11.4 2.29 <0.001 13.7 2.78 11.2 2.24 <0.001 

MUFA (%TE) 13.9 2.48 12.3 2.40 <0.001 13.6 2.40 12.1 2.31 <0.001 14.1 2.55 12.6 2.45 <0.001 

PUFA (%TE) 5.59 1.31 6.56 1.75 <0.001 5.51 1.34 6.55 1.70 <0.001 5.66 1.28 6.57 1.80 <0.001 

n-6 (%TE) 3.63 0.89 4.41 1.30 <0.001 3.53 0.90 4.36 1.28 <0.001 3.72 0.87 4.46 1.31 <0.001 

n-3 (%TE) 0.76 0.38 1.00 0.49 <0.001 0.75 0.30 1.01 0.41 <0.001 0.77 0.45 1.00 0.55 <0.001 

Trans-fat (%TE) 0.49 0.19 0.41 0.16 <0.001 0.51 0.19 0.43 0.16 <0.001 0.47 0.19 0.40 0.15 <0.001 

ALA (%TE) 0.62 0.29 0.67 0.30 0.042 0.60 0.22 0.65 0.23 0.126 0.64 0.34 0.70 0.36 1.000 

EPA (%TE) 0.04 0.10 0.04 0.11 1.000 0.04 0.07 0.04 0.07 1.000 0.03 0.13 0.03 0.13 1.000 

DHA (%TE) 0.05 0.11 0.05 0.12 1.000 0.05 0.08 0.05 0.09 1.000 0.04 0.14 0.04 0.14 1.000 
n- number of participants; SD- standard deviation; g/d, grams per day; mg/d, milligrams per day; %TE- percentage of total energy; *Independent samples t test for 
comparison of means between baseline and the model split by age; SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid; 
n-6, omega 6; n-3, omega 3; ALA, alpha-linolenic acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid. 
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Table 6.4 Comparison of micronutrient intake in Irish children between 
baseline and food-exchange model for the total population 

  Total Population 

  Baseline Model   

 (n600) (n600)  
  Mean  SD Mean  SD P* 

Vitamin A (µg) 644 435 627 429 1.000 

Vitamin C (mg) 76.0 108 76.0 108 1.000 

Vitamin D (µg) 4.44 5.82 4.74 5.84 1.000 

Vitamin E (µg) 6.87 3.80 8.10 4.03 <0.001 

Vitamin B6 (mg) 1.54 0.79 1.54 0.79 1.000 

Vitamin B12 (µg) 4.64 2.32 4.64 2.33 1.000 

Thiamin (mg) 1.41 0.63 1.42 0.63 1.000 

Riboflavin (mg) 1.59 0.67 1.61 0.68 1.000 

Total folate (µg) 206 80.3 209 80.9 1.000 

DFE (µg) 248 120 251 121 1.000 

Total Niacin (mg) 29.1 9.34 29.2 9.36 1.000 

Sodium (mg) 1701 523 1705 522 1.000 

Potassium (mg) 2003 585 2005 584 1.000 

Calcium (mg) 790 290 800 293 1.000 

Magnesium (mg) 191 57.2 192 57.3 1.000 

Phosphorous (mg) 1002 304 1008 307 1.000 

Iron (mg) 9.01 3.11 9.04 3.11 1.000 

Zinc (mg) 7.23 2.48 7.16 2.45 1.000 
n, number of participants; SD, standard deviation; DFE, dietary folate equivalents; 
*Independent samples t test for comparison of means between baseline and 
model 
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Table 6.5 Comparisons of the percentage contribution of food groups to total fat, SFA, MUFA and PUFA in Irish children between baseline and food exchange 
model 

 Total fat SFA MUFA PUFA 

 Baseline Model  Baseline Model  Baseline Model  Baseline Model  
  (n600) P* (n600) P* (n600) P* (n600) P* 

Fresh Meat 5.8 5.6 1.000 4.7 4.8 1.000 7.0 6.8 1.000 5.9 4.7 0.025 

Meat Dishes 6.3 7.3 1.000 5.9 7.4 0.100 7.4 8.5 1.000 4.9 4.6 1.000 

Meat Products 9.2 6.2 <0.001 7.5 5.1 <0.001 10.6 7.2 <0.001 9.8 6.3 <0.001 

Whole Milk 8.3 0.0 <0.001 12.2 0.0 <0.001 6.9 0.0 <0.001 1.7 0.0 <0.001 

Low fat, skimmed & fortified milks 1.4 6.2 <0.001 2.1 10.2 <0.001 1.3 5.7 <0.001 0.1 0.2 0.875 

Cheeses 5.3 4.1 <0.001 7.7 6.6 0.725 4.4 3.5 0.025 1.4 0.7 <0.001 

Butter 3.5 0.0 <0.001 5.0 0.0 <0.001 2.8 0.0 <0.001 1.0 0.0 <0.001 

Low-fat spreads 0.3 0.3 1.000 0.2 0.2 1.000 0.3 0.3 1.000 0.7 0.7 1.000 

Spreading fats and oils 4.3 9.7 <0.001 3.5 6.6 <0.001 4.8 6.6 <0.001 5.1 20.4 <0.001 

Ice cream and creams 1.9 2.2 1.000 3.0 3.8 0.700 1.3 1.6 1.000 0.5 0.5 1.000 

Puddings and chilled desserts 4.0 4.5 1.000 4.6 5.8 0.050 3.4 3.9 1.000 3.7 3.4 1.000 

Savouries 5.1 5.7 1.000 5.0 6.0 0.675 5.0 5.6 1.000 5.8 5.3 1.000 

Savoury snacks 3.8 3.6 1.000 2.2 1.6 0.025 5.4 5.6 1.000 3.8 3.4 1.000 

Soups, sauces & miscellaneous foods 2.3 2.6 1.000 1.6 2.0 1.000 2.6 3.0 1.000 3.2 2.9 1.000 

Biscuits, cakes pastries & buns 10.4 9.8 1.000 11.8 10.7 1.000 9.8 10.2 1.000 9.0 7.7 0.050 

Sugars, confectionary & preserves 6.1 6.9 0.525 7.3 9.2 <0.001 6.0 6.9 0.275 3.5 3.2 1.000 

Potatoes 0.8 0.9 1.000 1.1 1.3 1.000 0.6 0.7 1.000 0.5 0.5 1.000 

Potatoes chipped, fired & roasted potatoes 3.3 3.8 1.000 1.6 2.1 0.425 3.9 4.5 0.900 5.7 5.2 1.000 

Potato products 0.8 0.9 1.000 0.3 0.4 1.000 0.8 1.0 1.000 2.0 1.9 1.000 

Fish, fish products & fish dishes 2.1 2.4 1.000 1.0 1.2 1.000 2.5 2.9 1.000 3.7 3.3 1.000 

Eggs & egg dishes 2.3 2.6 1.000 1.9 2.4 1.000 2.6 3.0 1.000 2.6 2.4 1.000 

Vegetable & pulse dishes 0.6 0.7 1.000 0.4 0.5 1.000 0.7 0.8 1.000 1.0 0.9 1.000 

Breads & rolls 5.2 6.0 0.050 3.7 4.7 <0.001 4.7 5.6 0.025 10.9 9.8 0.075 

RTEBC 1.7 2.0 1.000 1.2 1.5 0.600 1.5 1.7 1.000 3.9 3.5 1.000 

Other† 5.0 5.7 0.700 4.5 5.7 0.025 3.7 4.3 0.925 9.2 8.3 1.000 
SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid; n, number of participants; *Independent samples t test for comparison of means between baseline 
and the model; RTEBC, ready-to-eat breakfast cereals; †Other food groups include rice, pasta, flours, grains, other breakfast cereals, non-alcoholic beverages, nuts and seeds, herbs and spices, 
fruit, vegetables, other milk and milk-based beverages. 
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Table 6.6 Comparisons of the percentage contribution of food groups to total fat, ALA, EPA, DHA and Trans in Irish children between baseline and food 
exchange model 

 ALA EPA DHA Trans fat 

 Baseline Model  Baseline Model  Baseline Model  Baseline Model  
  (n600) P* (n600) P* (n600) P* (n600) P* 

Fresh Meat 5.3 4.6 1.000 17.3 21.9 <0.001 21.3 24.9 0.442 5.7 5.3 1.000 

Meat Dishes 6.2 6.2 1.000 4.8 6.3 1.000 4.5 5.6 1.000 12.1 13.9 1.000 

Meat Products 10.9 9.3 0.520 4.9 6.2 1.000 6.9 7.5 1.000 7.2 5.8 0.416 

Whole Milk 1.6 0.0 <0.001 15.5 0.0 <0.001 8.1 0.0 <0.001 12.2 0.0 <0.001 

Low fat, skimmed & fortified milks 0.1 0.2 0.052 3.3 13.8 <0.001 1.0 4.5 <0.001 4.8 20.1 <0.001 

Cheeses 2.4 1.5 <0.001 8.3 7.4 1.000 4.1 3.3 0.754 14.4 10.6 <0.001 

Butter 1.3 0.0 <0.001 5.3 0.0 <0.001 2.7 0.0 <0.001 7.6 0.1 <0.001 

Low-fat spreads 0.9 0.9 1.000 0.0 0.0 1.000 0.0 0.0 1.000 0.1 0.1 1.000 

Spreading fats and oils 10.1 16.2 <0.001 0.4 0.0 0.078 0.0 0.0 1.000 1.0 2.8 <0.001 

Ice cream and creams 0.4 0.4 1.000 1.2 1.5 1.000 0.1 0.1 1.000 1.9 2.4 1.000 

Puddings and chilled desserts 3.2 3.1 1.000 3.0 3.9 1.000 4.5 5.0 1.000 2.9 3.5 1.000 

Savouries 6.8 6.6 1.000 0.8 0.9 1.000 2.4 2.6 1.000 3.5 4.1 1.000 

Savoury snacks 3.5 2.9 1.000 0.0 0.0 1.000 0.0 0.0 1.000 0.4 1.1 <0.001 

Soups, sauces & miscellaneous foods 4.8 4.7 1.000 0.8 1.0 1.000 0.1 0.1 1.000 1.9 2.2 1.000 

Biscuits, cakes pastries & buns 8.5 11.1 <0.001 3.9 4.4 1.000 3.6 4.0 1.000 8.9 10.0 1.000 

Sugars, confectionary & preserves 1.4 1.3 1.000 0.0 0.0 1.000 0.0 0.0 1.000 2.1 2.5 1.000 

Potatoes 1.7 1.6 1.000 0.2 0.2 1.000 0.0 0.0 1.000 1.7 2.0 1.000 

Potatoes chipped, fired & roasted potatoes 2.0 2.0 1.000 0.0 0.0 1.000 0.0 0.0 1.000 1.2 1.4 1.000 

Potato products 1.4 1.3 1.000 0.0 0.0 1.000 0.1 0.1 1.000 0.3 0.3 1.000 

Fish, fish products & fish dishes 3.5 3.3 1.000 24.0 25.7 1.000 26.6 27.7 1.000 0.3 0.3 1.000 

Eggs & egg dishes 1.5 1.4 1.000 1.3 1.5 1.000 11.4 12.0 1.000 1.4 1.7 1.000 

Vegetable & pulse dishes 1.3 1.3 1.000 0.2 0.3 1.000 0.0 0.0 1.000 0.4 0.5 1.000 

Breads & rolls 9.8 9.4 1.000 2.3 2.8 1.000 0.3 0.4 1.000 2.6 3.1 1.000 

RTEBC 2.5 2.4 1.000 0.0 0.0 1.000 0.0 0.0 1.000 0.1 0.2 1.000 

Other† 8.2 7.8 1.000 0.0 0.0 1.000 0.1 0.1 1.000 5.2 6.2 1.000 

Nutritional Supplements 0.5 0.5 1.000 2.0 2.1 1.000 1.8 1.9 1.000 0.0 0.0 1.000 

ALA, alpha-linolenic acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; n, number of participants; *Independent samples t test for comparison of means between baseline and the 
model; RTEBC, ready-to-eat breakfast cereals; †Other food groups include rice, pasta, flours, grains, other breakfast cereals, non-alcoholic beverages, nuts and seeds, herbs and spices, fruit, 
vegetables, other milk and milk-based beverages. 
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Figure 6.1: Differences in the % contribution of food groups to SFA intakes 

between baseline and food exchange model. 
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Figure 6.3: Percentage of Irish children adhering to current EFSA and UK dietary 

recommendations for total fat and fatty acids between baseline and modelled intake data.  

SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid; EPA, 

eicosapentaenoic acid; DHA, docosahexaenoic acid; *Targets from EFSA (DRV) (EFSA, 2010); †Targets 

from the Department of Health and/or SACN (DOH, 1994; SACN, 2019).  

 



193 
 

6.5 References  

Afshin A, Penalvo J, Del Gobbo L, Kashaf M, Micha R, Morrish K, Pearson-Stuttard J, 
Rehm C, Shangguan S, Smith JD & Mozaffarian D (2015). CVD prevention through 
policy: a review of mass media, food/menu labeling, taxation/subsidies, built 
environment, school procurement, worksite wellness, and marketing standards to 
improve diet. Current Cardiology Reports, 17(11), 98. 

Alexander DD, Bylsma LC, Vargas AJ, Cohen SS, Doucette A, Mohamed M, Irvin SR, 
Miller PE, Watson H & Fryzek JP (2016). Dairy consumption and CVD: a systematic 
review and meta-analysis. British Journal of Nutrition, 115(4), 737-750. 

Astrup A (2014). Yogurt and dairy product consumption to prevent cardiometabolic 
diseases: epidemiologic and experimental studies. The American Journal of Clinical 
Nutrition, 99(5), 1235S-1242S. 

Capacci S, Allais O, Bonnet C & Mazzocchi M (2019). The impact of the French soda 
tax on prices and purchases. An ex post evaluation. PloS one, 14(10), e0223196. 

de Oliveira Otto MC, Mozaffarian D, Kromhout D, Bertoni AG, Sibley CT, Jacobs DR, 
Jr & Nettleton JA (2012). Dietary intake of saturated fat by food source and incident 
cardiovascular disease: the Multi-Ethnic Study of Atherosclerosis. The American 
Journal of Clinical Nutrition, 96(2), 397-404. 

Department of Health (1994). Nutritional aspects of cardiovascular disease. Report of 
the cardiovascular review group committee on medical aspects of food policy. London: 
HMSO. 

Department of Health (2019). The Food Pyramid [Online]. Healthy Ireland & the 
Departmen of Health. Available at: https://www.gov.ie/en/publication/70a2e4-the-food-
pyramid/ [Accessed: October 2019]. 

European Food Safety Authority (2010). Scientific opinion on dietary reference values 
for fats, including saturated fatty acids, polyunsaturated fatty acids, monounsaturated 
fatty acids, trans fatty acids, and cholesterol. EFSA Journal, 8(3), 1461. 

Finglas P, Roe M, Pinchen H, Berry R, Church S, Dodhia S, Farron-Wilson M & Swan 
G (2015). McCance and Widdowson's The Composition of Foods. Seventh summary 
edition. Cambridge: Royal Society of Cambridge. 

Finneran E, Crosson P, O'kiely P, Shalloo L, Forristal D & Wallace M (2010). Simulation 
modelling of the cost of producing and utilising feeds for ruminants on Irish farms. 
Journal of Farm Management, 14(2), 95-116. 

Food Safety Authority of Ireland (2016). Survey of the trans fatty acid content in 
processed food products in Ireland. Dublin: FSAI. 

https://www.gov.ie/en/publication/70a2e4-the-food-pyramid/
https://www.gov.ie/en/publication/70a2e4-the-food-pyramid/


194 
 

Food Standards Agency (2002). McCance and Widdowson's The Composition of 
Foods. Sixth summary edition. Cambridge: Royal Society of Chemistry. 

Ganesan B, Brothersen C & McMahon DJ (2014). Fortification of foods with omega-3 
polyunsaturated fatty acids. Critical Reviews in Food Science and Nutrition, 54(1), 98-
114. 

Harika RK, Cosgrove MC, Osendarp SJM, Verhoef P & Zock PL (2011). Fatty acid 
intakes of children and adolescents are not in line with the dietary intake 
recommendations for future cardiovascular health: a systematic review of dietary 
intake data from thirty countries. British Journal of Nutrition, 106(3), 307-316. 

Hooper L, Martin N, Abdelhamid A & Smith GD (2015). Reduction in saturated fat 
intake for cardiovascular disease. Cochrane Database of Systematic Reviews, (6). 

Irish Nutrition and Dietetics Institute (2019). What's the catch with Omega 3's? [Online]. 
Available at: https://www.indi.ie/diseases,-allergies-and-medical-conditions/heart-
health/799-what-s-the-catch-with-omega-3-s.html [Accessed: December 2019]. 

Jacobsen C (2010). Enrichment of foods with omega‐3 fatty acids: a multidisciplinary 
challenge. Annals of the New York Academy of Sciences, 1190(1), 141-150. 

Khan SA, Khan A, Khan SA, Beg MA, Ali A & Damanhouri G (2017). Comparative 
study of fatty-acid composition of table eggs from the Jeddah food market and effect 
of value addition in omega-3 bio-fortified eggs. Saudi Journal of Biological Sciences, 
24(4), 929-935. 

Khaw, KT, Friesen, MD, Riboli, E, Luben, R & Wareham, N (2012). Plasma 
phospholipid fatty acid concentration and incident coronary heart disease in men and 
women: The EPIC-Norfolk prospective study. PLoS medicine, 9(7), e1001255. 

Kliem KE, Shingfield K, Humphries DJ & Givens DI (2011). Effect of replacing calcium 
salts of palm oil distillate with incremental amounts of conventional or high oleic acid 
milled rapeseed on milk fatty acid composition in cows fed maize silage-based diets. 
Animal, 5(8), 1311-1321. 

Levy LB (2013). Dietary strategies, policy and cardiovascular disease risk reduction in 
England. Proceedings of the Nutrition Society, 72(4), 386-389. 

Malpuech-Brugere C, Mouriot J, Boue-Vaysse C, Combe N, Peyraud J, LeRuyet P, 
Chesneau G, Morio B & Chardigny J (2010). Differential impact of milk fatty acid 
profiles on cardiovascular risk biomarkers in healthy men and women. European 
Journal of Clinical Nutrition, 64(7), 752. 

Mozaffarian D, Angell SY, Lang T & Rivera JA (2018). Role of government policy in 
nutrition—barriers to and opportunities for healthier eating. British Medical Journal, 
361, k2426. 

https://www.indi.ie/diseases,-allergies-and-medical-conditions/heart-health/799-what-s-the-catch-with-omega-3-s.html
https://www.indi.ie/diseases,-allergies-and-medical-conditions/heart-health/799-what-s-the-catch-with-omega-3-s.html


195 
 

Patterson E, Wärnberg J, Kearney J & Sjöström M (2010). Sources of saturated fat 
and sucrose in the diets of Swedish children and adolescents in the European Youth 
Heart Study: strategies for improving intakes. Public Health Nutrition, 13(12), 1955-
1964. 

Poppitt S, Keogh G, Mulvey T, McArdle B, MacGibbon A & Cooper G (2002). Lipid-
lowering effects of a modified butter-fat: a controlled intervention trial in healthy men. 
European Journal of Clinical Nutrition, 56(1), 64. 

Powell LM, Chriqui JF, Khan T, Wada R & Chaloupka FJ (2013). Assessing the 
potential effectiveness of food and beverage taxes and subsidies for improving public 
health: a systematic review of prices, demand and body weight outcomes. Obesity 
reviews, 14(2), 110-128. 

Qin L-Q, Xu J-Y, Han S-F, Zhang Z-L, Zhao Y-Y & Szeto IM (2015). Dairy consumption 
and risk of cardiovascular disease: an updated meta-analysis of prospective cohort 
studies. Asia Pacific Journal of Clinical Nutrition, 24(1), 90. 

Rangan AM, Flood VM, Denyer G, Webb K, Marks GB & Gill TP (2012). Dairy 
consumption and diet quality in a sample of Australian children. Journal of the 
American College of Nutrition, 31(3), 185-193. 

Reedy J & Krebs-Smith SM (2010). Dietary sources of energy, solid fats, and added 
sugars among children and adolescents in the United States. Journal of the American 
Dietetic Association, 110(10), 1477-1484. 

Rippin HL, Hutchinson J, Jewell J, Breda JJ & Cade JE (2019). Child and adolescent 
nutrient intakes from current national dietary surveys of European populations. 
Nutrition Research Reviews, 32(1), 38-69. 

Rymer C & Givens D (2005). n− 3 fatty acid enrichment of edible tissue of poultry: A 
review. Lipids, 40(2), 121-130. 

Schönbach J-K, Nusselder W & Lhachimi SK (2019). Substituting polyunsaturated fat 
for saturated fat: A health impact assessment of a fat tax in seven European countries. 
PloS one, 14(7). 

Schwab U, Lauritzen L, Tholstrup T, Haldorsson TI, Riserus U, Uusitupa M & Becker 
W (2014). Effect of the amount and type of dietary fat on cardiometabolic risk factors 
and risk of developing type 2 diabetes, cardiovascular diseases, and cancer: a 
systematic review. Food & Nutrition Research, 58, doi:10.3402/fnr.v58.25145. 

Scientific Advisory Commitee on Nutrition (2004). Advice on fish consumption: benefits 
& risks. London: The Stationary Office. 

Scientific Advisory Commitee on Nutrition (2019). Saturated fats and health [Online]. 
Public Health England and UK Health Departments. Available at: 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachm

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/814995/SACN_report_on_saturated_fat_and_health.pdf


196 
 

ent_data/file/814995/SACN_report_on_saturated_fat_and_health.pdf [Accessed: 
December 2019]. 

Seidel C, Deufel T & Jahreis G (2005). Effects of fat-modified dairy products on blood 
lipids in humans in comparison with other fats. Annals of Nutrition and Metabolism, 
49(1), 42-48. 

Shaw DI, Tierney AC, McCarthy S, Upritchard J, Vermunt S, Gulseth HL, Drevon CA, 
Blaak EE, Saris WH & Karlström B (2008). LIPGENE food-exchange model for 
alteration of dietary fat quantity and quality in free-living participants from eight 
European countries. British Journal of Nutrition, 101(5), 750-759. 

Simopoulos AP (2006). Evolutionary aspects of diet, the omega-6/omega-3 ratio and 
genetic variation: nutritional implications for chronic diseases. Biomedicine & 
Pharmacotherapy, 60(9), 502-507. 

Sun Q, Ma J, Campos H & Hu FB (2007). Plasma and erythrocyte biomarkers of dairy 
fat intake and risk of ischemic heart disease. The American Journal of Clinical Nutrition, 
86(4), 929-937. 

The World Health Organisation (2015). Eliminating trans fats in Europe. A policy brief 
[Online]. Available at: 
http://www.euro.who.int/__data/assets/pdf_file/0010/288442/Eliminating-trans-fats-in-
Europe-A-policy-brief.pdf [Accessed: December 2019]. 

Uauy R & Dangour AD (2006). Nutrition in brain development and aging: role of 
essential fatty acids. Nutrition Reviews, 64(2), S24-S33. 

Vyncke KE, Libuda L, De Vriendt T, Moreno LA, Van Winckel M, Manios Y, Gottrand 
F, Molnar D, Vanaelst B & Sjöström M (2012). Dietary fatty acid intake, its food sources 
and determinants in European adolescents: the HELENA (Healthy Lifestyle in Europe 
by Nutrition in Adolescence) Study. British Journal of Nutrition, 108(12), 2261-2273. 

Warensjö E, Jansson J-H, Cederholm T, Boman K, Eliasson M, Hallmans G, 
Johansson I & Sjögren P (2010). Biomarkers of milk fat and the risk of myocardial 
infarction in men and women: a prospective, matched case-control study. The 
American Journal of Clinical Nutrition, 92(1), 194-202. 

Wade A, Davis C, Dyer K, Hodgson J, Woodman R, Keage H & Murphy K (2017). A 
mediterranean diet to improve cardiovascular and cognitive health: Protocol for a 
randomised controlled intervention study. Nutrients, 9(2), 145. 

Wearne SJ & Day MJ (1999). Clues for the development of food-based dietary 
guidelines: how are dietary targets being achieved by UK consumers? British Journal 
of Nutrition, 81(1), S119-S126. 

Weech M, Vafeiadou K, Hasaj M, Todd S, Yaqoob P, Jackson KG & Lovegrove JA 
(2014). Development of a food-exchange model to replace saturated fat with MUFAs 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/814995/SACN_report_on_saturated_fat_and_health.pdf
http://www.euro.who.int/__data/assets/pdf_file/0010/288442/Eliminating-trans-fats-in-Europe-A-policy-brief.pdf
http://www.euro.who.int/__data/assets/pdf_file/0010/288442/Eliminating-trans-fats-in-Europe-A-policy-brief.pdf


197 
 

and n–6 PUFAs in adults at moderate cardiovascular risk. The Journal of Nutrition, 
144(6), 846-855. 

World Cancer Research Fund (2018). Building momentum: lessens on implementing 
a robust sugar sweetened beverge tax [Online]. Available at: 
https://www.wcrf.org/sites/default/files/PPA-Building-Momentum-Report-WEB.pdf 
[Accessed: December 2019]. 

World Health Organisation (2016). Fiscal policies for the diet and prevention of 
noncommunicable diseases [Online]. Geneva: WHO. Available at: 
https://apps.who.int/iris/bitstream/handle/10665/250131/9789241511247-
eng.pdf?sequence=1 [Accessed: December 2019]. 

 

 

https://www.wcrf.org/sites/default/files/PPA-Building-Momentum-Report-WEB.pdf
https://apps.who.int/iris/bitstream/handle/10665/250131/9789241511247-eng.pdf?sequence=1%20
https://apps.who.int/iris/bitstream/handle/10665/250131/9789241511247-eng.pdf?sequence=1%20


198 
 

 

 

 

 

 

Chapter 7  

General discussion 

 



199 
 

7.1 Discussion 

Dietary fat is an important component of children’s diets and is responsible for many 

metabolic processes and essential for adequate growth and neurological development 

(Uauy and Dangour, 2006; Calder, 2011; Berg et al., 2012). Studies involving adult 

populations has provided a plethora of evidence to support associations between 

dietary fat imbalances and diet-related chronic diseases (Schwab et al., 2014). 

Although the same associations remain unconfirmed in children, some evidence has 

shown early manifestations of such diseases in children (McGill Jr et al., 1997; 

Berenson et al., 1998; Hong, 2010). In addition, the literature suggests that children’s 

dietary habits follow on into adulthood, therefore, the establishment of good dietary 

habits early in life is critical. In response to this, various international and national 

health organisations have developed dietary fat guidelines to prevent the onset of such 

diseases (Food and Agriculture Organisation of the United Nations [FAO], 2010; 

European Food Safety Authority [EFSA], 2017; Scientific Advisory Commitee on 

Nutrition [SACN], 2019). The National Children’s Food Survey II (NCFS II; Chapter 2) 

has provided an excellent opportunity to review dietary fat intakes in a representative 

sample of Irish children. This thesis comprehensively describes dietary fat intakes and 

its determinants in Irish children and it also investigates diet quality and future 

strategies to improve dietary fat intakes within this cohort. 

Since 2005, significant improvements to the dietary fat profile of Irish children have 

been observed (Chapter 3). Irish children continue to achieve the current 

recommendations for total fat and trans fat intakes (100 %), whereas adherence to 

monounsaturated fatty acid (MUFA) intakes improved to 100 % compliance. Although 

slight improvements were observed, adherence to guidelines remain inadequate for 

saturated fatty acid (SFA), polyunsaturated fatty acid (PUFA), eicosapentaenoic acid 

(EPA) and docosahexaenoic acid (DHA) intakes. This is in line with findings from other 

studies, as children across the globe display particularly poor compliance with SFA 

and PUFA recommendations (Harika et al., 2011; Rippin et al., 2019). This indicates 

that the imbalances observed in dietary fat is a universal issue and highlights the need 

for targeted strategies to improve the dietary fat profile, in particular for SFA and PUFA 

intakes. 

Although, when attempting to shift the balance between SFA and PUFA intakes, it is 

important to identify their key sources and influential factors. While some fluctuations 
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in the contribution of foods were observed over the last 14 years, the top contributors 

remained consistent across each of the fatty acids. In particular, dairy products made 

significant contributions to fatty acid intakes, namely SFA (30 %), trans fat (41 %) and 

EPA (33 %). However, the literature indicates that dairy sources of trans fat may not 

have adverse effects on diet-related chronic disease risk such as CVD and that 

moderate dairy consumption can be tolerated in relation to cardiovascular risk (Tardy 

et al., 2011). In contrast, evidence has shown industrial sources of trans fat produced 

from hydrogenated oils can have detrimental health effects (Booker and Mann, 2008). 

Therefore, targeting the correct source of trans fat may be an appropriate tactic when 

issuing dietary advice to the public. The high contributions of dairy fat to SFA intakes 

are in agreement with several studies reporting associations between dairy products 

and high SFA intakes in children (Reedy and Krebs-Smith, 2010; Patterson et al., 2010; 

Rangan et al., 2012). Furthermore, the contribution of ‘biscuits, cakes, pastries and 

buns’ significantly increased over time across all fatty acids, becoming one of the top 

contributors across total fat (10 %), SFA (12 %), MUFA (10 %) and PUFA (9 %) intakes. 

The increased contributions observed in ‘biscuits, cakes, pastries and buns’ is a 

worrying find as these foods generally reflect poorer dietary patterns and diet quality. 

Demographic and anthropometric characteristics e.g. social class and body fat, did not 

have any notable influence on dietary fat intake when examined throughout this thesis. 

When investigating the sources of SFA in high consumers, dairy products were key 

(Chapter 4). In addition to dairy, other studies have associated high SFA diets in 

children with high intakes of meat, fast food and snack foods, whereas lower SFA diets 

have been associated with fruit, vegetables and wholegrains (Kelishadi et al., 2004; 

Mikkilä et al., 2005; Downs et al., 2009; O’Neil et al., 2011; Powell and Nguyen, 2013; 

Campmans-Kuijpers et al., 2016; Chong et al., 2017). Despite emerging evidence 

suggesting dairy SFA may be beneficial for cardiovascular health (Astrup, 2014; Qin 

et al., 2015; Alexander et al., 2016), it is important that children take heed of the low-

fat dairy guidelines which are based on the most up-to-date robust scientific evidence 

(FAO, 2016). It should be noted that since only a small proportion of the population 

adhered to the recommended SFA threshold (≤ 10 %), the determinants identified in 

the low SFA consumer group may not accurately reflect positive influential factors. 

Therefore, other research is warranted to further investigate dietary determinants 

within low SFA consumers. Contra to this, high PUFA consumers in this thesis had 

lower contributions of dairy products, thus, indicating a potential relationship between 
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SFA and PUFA intakes. The main contributor to PUFA intakes by high PUFA 

consumers was ‘meat products’. Interestingly, high consumers also had higher intakes 

of sodium, which is most likely due to the higher meat intakes reported in this group. 

Research indicates that high PUFA intakes are indicative of a high quality diet (Mikkilä 

et al., 2005), however, the results in this thesis shows that examining nutrients alone 

may result in a misinterpretation of the findings, hence, examining food sources may 

be a better method when investigating diet quality. 

Given that the relationship between dietary fat and overall diet quality may provide a 

more practical approach when formulating dietary strategies, diet quality scoring 

methods were implemented in this thesis (Nube et al., 1987). Based on the prevention 

of chronic disease risk, the Healthy Diet Indicator (HDI) and the Diet Quality Index 

(DQI) were adopted (World Health Organisation [WHO], 1990; Patterson et al., 1994; 

Huijbregts et al., 1997). Previous studies have shown associations between diet quality 

and chronic disease risk, albeit mainly in adult populations (Seymour et al., 2003; 

Stefler et al., 2014). Although, Jennings et al. (2011) found positive associations 

between both the DQI and HDI scores with SFA intakes in children. Similarly, the 

analysis in this thesis demonstrated that children with higher diet quality scores had 

significantly lower intakes of SFA and higher dietary fibre, indicative of a healthy diet 

across both scores (Chapter 5). In addition, the higher scores indicated lower dietary 

fat and higher carbohydrate and sugar intakes, an association known as the sugar-fat 

seesaw (Gibney et al., 1995; Sadler et al., 2015). Whilst no differences were found in 

PUFA intakes across the HDI scores, PUFA intakes were lower in children with high 

DQI scores compared to those with lower scores. Given the largely unhealthy 

contributors of PUFA intakes reported in Chapter 3 (biscuits, cakes, pastries and buns 

and meat products), children with low DQI scores could be consuming high amounts 

of these foods, explaining the high PUFA intakes observed in this group. However, no 

associations were evident. Dietary pattern analysis was limited due to the focus on 

nutrient components in both indices, thus, appealing for further analysis to be 

conducted in order to compare other indices that focus on food components such as 

the Healthy Eating Index (HEI) and the Mediterranean Diet Score (MDS). This would 

enable further evaluation to find the most suitable markers for dietary fat in relation to 

overall diet quality. Additional empirical methods should also be applied such as 

principal component analysis, factor analysis and cluster analysis as they do not 

depend on selected components but consider the diet as a whole (Ambrosini, 2014). 
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Previous food reformulation measures have successfully reduced dietary fat intakes 

such as trans fat, indicating the potential of reformulation as an effective approach to 

reduce SFA and increase PUFA intakes. Additionally, promoting foods which consist 

of a more favourable fat profile can prove beneficial in terms of improving dietary fat 

intakes. However, it is essential to approach such measures with caution as 

manipulating habitual food intakes to improve a single nutrient, in this case SFA and 

PUFA intakes, could compromise the adequacy of other nutrients. The successful 

modelled effects of a food-exchange strategy in this thesis has demonstrated how 

modest food substitutions can vastly improve children’s SFA and PUFA intakes 

(Chapter 6). The food exchanges chosen in Chapter 6 were based on the key dietary 

sources in high SFA consumers, consisting of dairy products, meat products and some 

snack foods. The model exchanged the selected high SFA foods with lower SFA or 

high PUFA alternatives commonly consumed in Irish children. This model successfully 

reduced children’s SFA intakes from 14 to 11 % and increased adherence levels to 63 

%. In addition, mean daily intakes of PUFA increased from 5.6 to 6.6 % and 100 % 

compliance with recommendations was achieved. The findings demonstrate how 

simple food substitutions can effectively improve SFA and PUFA intakes without 

impacting children’s habitual diets. However, irrespective of the remarkable 

improvements observed for both fatty acids, the modelled SFA intakes still remain 

above the recommended limit of 10 %. Moreover, EPA and DHA intakes remained 

below recommended levels, despite overall improvements to total PUFA intakes. 

Hence, it is advised that a multitude of strategies are needed to elicit behaviour change. 

Therefore, a combination of government, food-system and educational measures are 

required for successful dietary fat change in children at a population level (Levy, 2013; 

Mozaffarian et al., 2018). 

 

7.1.1 Strengths and limitations 

This thesis has several strengths and limitations that should be acknowledged. A key 

strength is the comprehensive dietary intake and composition data derived from 4-day 

weighed food records, seldom used in large population studies. The sample was 

representative across most demographic factors excluding social class. Despite the 

inclusion of a number of DEIS schools, the overall sample contained a higher 

proportion of children of professional workers and a lower proportion of children of 
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semi-skilled and unskilled workers than the national population. A level of non-

response bias has been observed through this method of sampling participants’ from 

low-socioeconomic backgrounds. Therefore, statistical weighting was applied to 

account for these differences where appropriate. In retrospect, other avenues could 

have been explored outside of the school environment to ensure the required number 

of this socioeconomic group was achieved i.e. recruitment based on area or postcode, 

as well as parents occupation and education.  

The application of detailed calculation methods to generate the most accurate 

estimates of fatty acid intakes also strengthen the analysis. Data were obtained from 

current food composition tables and databases, brand information and published 

papers to ensure the most up-to-date fatty acid concentrations were assigned to all 

foods contained in the food consumption database. While the 26 food groups 

examined throughout this thesis were predefined for dietary fat analyses in the NANS, 

limitations of these aggregated groups are evident. Some of the broader food groups 

contain a variety of foods and therefore, future analyses investigating dietary fat 

intakes may benefit from further disaggregation of some food groups. 

Further considerations to assess usual intakes where appropriate also provided more 

accuracy for estimated nutrient intakes. This method shows the long-term average 

daily intake of a nutrient or food. This was utilised in Chapter 3 as the standard 

calculated mean over a small number of days does not adequately represent an 

individual’s every day dietary consumption (Carriquiry, 2003). Usual intake estimations 

were not employed for analysis of the food-exchange model in Chapter 6, 

demonstrating some inconsistencies throughout the result chapters. However, it must 

be noted that although the usual intake method is more robust when estimating nutrient 

intakes, using this process in Chapter 3 generated a number of statistically significant 

differences, some of which were of little clinical significance.  

However, due to the self-reporting nature of dietary assessments, they are often 

subject to under-reporting. In the NCFS II, 20 % of participants were classified as 

under-reporters but were not excluded from the analysis. Considerations were made 

for under-reporters in Chapter 5 where they were used as a covariate to control and 

adjust for misreporting. In addition, the Bonferroni correction method for multiple 

comparisons was applied throughout this thesis to further strengthen the statistical 

analysis.  
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7.1.2 Future work 

The comprehensive data generated from this thesis is of vital importance for the 

development of public health campaigns focusing on improving the health status of 

future generations of Irish children. This data gives an insight into the effectiveness of 

current public health policies and dietary guidelines in relation to the dietary fat profile 

of Irish children while also identifying the areas that need further improvement. Not 

only does this work provide baseline data for future monitoring of children’s dietary fat 

intakes, but it has permitted comparative investigations on previous intakes reported 

by the previous National Children’s Food Survey in 2005.  

The modelling exercise in this thesis confirms that it is possible to significantly reduce 

SFA intakes while increasing PUFA intakes via a food-exchange exercise. The food-

exchanges adopted in this thesis are based on current national dietary guidelines, 

which have been in effect for a number of years. Therefore, public health campaigns 

may need to explore initiatives to re-inforce compliance to dietary guideline advice. 

This approach would ensure improvements to children’s dietary fat profile with minimal 

disturbance to their diet. In addition, this strategy as shown in the current thesis would 

not negatively impact the adequacy of other nutrients. That being said, given the recent 

evidence suggesting that dairy SFA may be cardio-protective, it may be more 

favourable to focus on additional foods that contribute significantly to SFA and PUFA 

intakes but are not indicative of a high quality diet (Astrup, 2014; Qin et al., 2015; 

Alexander et al., 2016). Further modelling exercises to reduce the high consumption 

of confectionary foods in the diets of Irish children should be explored, as these foods 

are labelled as high fat, high sugar or high salt, thus, not suitable for everyday 

consumption (Department of Health, 2019). However, much more complex 

approaches would be necessary to successfully implement this type of habitual dietary 

change at a population level (Levy, 2013; Mozaffarian et al., 2018). Nevertheless, 

exploration of these targeted dietary strategies as a combined approach would further 

support improvements to children’s dietary fat profile. 

While government policies are considered to be the most effective approach when 

targeting dietary issues, industry plays a significant role in the success of these 

strategies (Downs et al., 2017). Despite some resistance from industry in the past, 
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efforts have since been made to improve diet quality through a number of strategies, 

namely food reformulation and fortification. These approaches from industry has 

proved successful for other nutrients such as trans fat (WHO, 2015). Therefore, further 

collaborative efforts between government and industry would complement current 

public health initiatives to reduce SFA and increase PUFA intakes in the population. 

The improvements observed in Irish children’s dietary fat profile over the last 14 years 

should be recognised as a significant step towards sufficient dietary fat intakes overall. 

While intakes of SFA and PUFA are not as per recommendations, this thesis has 

addressed the major determinants of intakes and proposed achievable dietary 

strategies to further increase compliance with SFA and PUFA recommendations.  
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Table 1. Description of the food items included in each of the 26 food groups 

Food group Foods included 

Fresh meat Bacon & ham, beef & veal, lamb, pork, chicken and turkey & game 

Meat dishes 
Offal & offal dishes, beef & veal dishes, lamb, pork & bacon dishes 
and poultry & game dishes 

Meat products burgers, sausages, meat pies & pastries and other meat products 

Whole milk Whole milk 

Low fat, skimmed & fortified 
milks 

Low fat, skimmed & fortified milks 

Cheeses All cheese 

Butter Butter (over 80% fat) and hard cooking fats 

Low- fat spreads Low fat spreads (under 40 % fat) 

Spreading fats and oils 
Other fat spreads (40 – 80 % fat) and oils (not including those used 
in recipes) 

Ice cream and creams Ice cream and creams 

Puddings and chilled 
desserts 

Yoghurts, desserts and rice puddings & custard 

Savouries 
Pizza, noodles, stuffing, savoury rice, quiche, savoury pastries and 
pasta with sauce.  

Savoury snacks Pretzels, popcorn, breadsticks, potato crisps and corn snacks. 

Soups, sauces & 
miscellaneous foods 

Soups, sauces, houmous, vinegar, mustard, mayonnaise, dressings 
and gravy 

Biscuits, cakes, pastries & 
buns 

Biscuits including crackers and cakes, pastries and buns 

Sugars, confectionary & 
preserves 

Sugars, syrups, preserves & sweeteners, chocolate confectionary 
and non-chocolate confectionary 

Potatoes Potatoes (boiled/baked/mashed) 

Potatoes chipped, fried & 
roasted potatoes 

Chipped, fried & roasted potatoes 

Potato Products Processed & homemade potato products 

Fish, fish products & fish 
dishes 

Fish & fish products and fish dishes 

Eggs & egg dishes Eggs & egg dishes i.e. omelettes  

Vegetable & pulse dishes Vegetable & pulse dishes 

Breads and rolls 
White sliced bread & rolls, wholemeal & brown bread & rolls and 
other breads 

RTEBC RTEBC (does not include porridge) 

Other 
Rice, pasta, flours, grains, other breakfast cereals, non-alcoholic 
beverages, nuts and seeds, herbs and spices, fruit, vegetables, 
other milk and milk-based beverages. 

Nutritional supplements Nutritional supplements 
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Table 2. Comparison of total fat intake (g/d, mg/d and %TE) and its constituent fatty acids in Irish children in 2005 and 2019 by age group  

  Total Population Age 

  2005 2019   2005 2019   2005 2019   

      5-8 years 5-8 years   9-12 years 9-12 years  

 (n594) (n600)  (n296) (n300)   (n298) (n300)  

  Mean  SD Mean  SD P* Mean  SD Mean  SD P* Mean  SD Mean  SD P* 

Total fat (g/d) 63.1 14.2 55.8 12.7 <0.001 59.6 13.2 51.6 11.0 <0.001 66.5 14.4 60.3 12.8 <0.001 

SFA (g/d) 27.3 6.69 23.4 5.59 <0.001 26.1 6.35 22.1 5.20 <0.001 28.4 6.84 24.8 5.67 <0.001 

MUFA (g/d) 21.5 5.06 22.9 5.55 <0.001 20.2 4.65 20.8 4.67 0.306 22.9 5.09 25.1 5.57 <0.001 

PUFA (g/d) 9.17 2.77 9.28 2.47 1.000 8.50 2.52 8.51 2.09 1.000 9.83 2.85 10.1 2.57 1.000 

n-6 (g/d) 5.77 1.64 6.00 1.59 0.018 5.46 1.53 5.45 1.32 1.000 6.09 1.68 6.59 1.65 <0.001 

n-3 (g/d) 1.03 0.36 1.23 0.39 <0.001 0.98 0.33 1.15 0.35 <0.001 1.09 0.37 1.33 0.41 <0.001 

Trans-fat (g/d) 1.00 0.29 0.84 0.28 <0.001 0.95 0.28 0.80 0.27 <0.001 1.04 0.30 0.88 0.29 <0.001 

ALA (g/d) - - 0.99 0.31 - - - 0.9 0.27 - - - 1.08 0.33 - 

EPA (mg/d) 27.0 18.6 41.7 32.5 <0.001 27.5 18.8 39.2 29.2 <0.001 26.5 18.4 44.3 35.5 <0.001 

DHA (mg/d) 36.4 25.1 63.7 50.5 <0.001 36.1 24.6 61.1 46.6 <0.001 36.8 25.5 66.5 54.3 <0.001 

                

Total fat (%TE) 33.7 3.58 33.3 3.83 0.918 33.7 3.55 33.1 3.85 0.072 33.7 3.61 33.5 3.78 1.000 

SFA (%TE) 14.5 2.14 14.0 2.15 <0.001 14.8 2.12 14.2 2.17 <0.001 14.3 2.13 13.8 2.12 <0.001 

MUFA (%TE) 11.5 1.49 13.6 1.79 <0.001 11.4 1.47 13.3 1.77 <0.001 11.6 1.50 13.9 1.77 <0.001 

PUFA (%TE) 4.89 1.03 5.55 0.98 <0.001 4.80 1.00 5.49 0.97 <0.001 4.99 1.06 5.62 0.99 <0.001 

n-6 (%TE) 3.10 0.59 3.58 0.61 <0.001 3.10 0.59 3.50 0.59 <0.001 3.10 0.60 3.66 0.62 <0.001 

n-3 (%TE) 0.56 0.15 0.74 0.18 <0.001 0.56 0.14 0.74 0.18 <0.001 0.55 0.15 0.74 0.18 <0.001 

Trans-fat (%TE) 0.53 0.12 0.51 0.14 <0.001 0.54 0.12 0.51 0.15 <0.001 0.53 0.12 0.50 0.14 <0.001 

ALA (%TE) - - 0.61 0.16 - - - 0.60 0.16 - - - 0.62 0.16 - 

EPA (%TE) 0.01 0.01 0.03 0.02 <0.001 0.02 0.01 0.03 0.02 <0.001 0.01 0.01 0.03 0.02 <0.001 

DHA (%TE) 0.02 0.01 0.04 0.03 <0.001 0.02 0.01 0.04 0.03 <0.001 0.02 0.01 0.04 0.03 <0.001 
n, number of participants; SD, standard deviation; g/d, grams per day; mg/d, milligrams per day; %TE, percentage of total energy; *independent samples t test for comparison of 
means between 2005 and 2019 split by age, adjusted P value using Bonferroni correction method for multiple comparisons was also utilised; SFA, saturated fatty acid; MUFA, 
monounsaturated fatty acid; PUFA, polyunsaturated fatty acid; n-6, omega 6; n-3, omega 3; ALA, alpha-linolenic acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid. 
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Table 1. Micronutrient Dietary Reference Values for Children by Age Groups 

Nutrient 5 - 6 years 5 - 8 years 7 - 10 years 9 - 12 years 11 -12 years 11 years 12 years 

Vitamin A (µg/d)† 245 
 

320 
 

480 
  

Vitamin C (mg/d)† 25 
 

40 
 

60 
  

Vitamin D (µg/d)¥ 15 
 

15 
 

15 
  

Vitamin E (µg/d)‡ 
 

6 
 

9 
   

Vitamin B6 (mg/d)† 0.6 
 

0.9 
 

1.2 
  

Vitamin B12 (µg/d)† 
 

1 
 

1.5 
   

Riboflavin (mg/d)† 0.6 
 

0.8 
 

1.1 
  

DFE (µg/d)† 110 
 

160 
 

210 
  

Sodium (mg/d)† 1300 
 

1700 
 

2000 
  

Potassium (mg/d)† 1100 
 

1800 
 

2700 
  

Calcium (mg/d)† 680 
 

680 
 

960 
  

Magnesium (mg/d)‡ 
 

110 
 

200 
   

Phosphorous (mg/d)‡ 
 

405 
 

1055 
   

Iron (mg/d)† 5 
 

8 
  

8 8 (boys) 7 (girls) 

Zinc (mg/d)† 4.6   6.2   8.9     

DFE, dietary folate requirements; †EFSA, 2019; ¥Institute of medicine, 2010; ‡ The National Academies of Sciences Engineering and Medicine, 2019. 
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Table 2. Mean daily intake (g/d) of food groups across tertiles of % total energy from SFA and PUFA in Irish children 

 SFA PUFA 

 Low (n200) Medium  (n200) High  (n200)   Low (n200) Medium  (n200) High  (n200)   

 Mean SD Mean SD Mean SD P* Mean SD Mean SD Mean SD P* 

Fresh meat 42.1 36.7 39.0 34.8 36.5 31.2 1.000 35.9 28.7 42.4 36.2 39.3 37.3 1.000 

Meat dishes 40.7 56.5 45.0 51.4 49.6 57.7 1.000 45.8 53.8 49.3 60.8 40.2 50.7 1.000 

Meat products 27.7 28.6 25.5 28.2 31.1 35.4 1.000 18.9a 20.9 27.3b 25.6 38.2c 40.1 <0.001 

Whole milk 65.5a 89.6 133.4b 151.3 187.7c 181.3 <0.001 165.7a 180.9 115.9b 137.0 105.0b 133.3 0.026 

Low fat, skimmed & fortified milks 68.3a 113.1 55.8ab 116.0 40.5b 107.9 1.000 72.7a 136.2 56.4ab 110.8 35.5b 82.2 0.052 

Cheeses 5.5a 9.0 10.1b 11.1 16.6c 15.8 <0.001 10.4 12.9 10.8 13.6 10.9 12.9 1.000 

Butter 1.2a 2.4 2.4b 4.0 4.1c 7.1 <0.001 2.9 6.0 2.7 4.8 2.1 4.1 1.000 

Low-fat spreads 0.5 1.9 0.7 3.7 0.3 1.4 1.000 0.3 1.2 0.4 1.7 0.8 3.9 1.000 

Spreading fats and oils 4.0 5.3 3.6 5.5 3.8 5.7 1.000 2.9a 4.3 3.9ab 5.9 4.6b 6.0 0.130 

Ice cream and creams 7.8 13.3 7.4 13.4 10.8 15.9 1.000 10.0 15.3 8.5 15.5 7.5 11.9 1.000 

Puddings and chilled desserts 45.1 49.9 53.5 57.7 53.3 56.8 1.000 60.8a 63.0 45.0b 51.1 46.0b 48.5 0.286 

Savouries 34.0 49.7 31.0 45.6 28.4 39.5 1.000 27.0 40.1 34.6 51.9 31.8 42.3 1.000 

Savoury snacks 9.3 11.0 8.6 10.5 8.7 13.2 1.000 6.5a 9.2 9.3ab 10.9 10.8b 13.9 <0.001 

Soups, sauces & miscellaneous foods 25.3 37.6 23.9 35.4 25.2 48.5 1.000 26.5 46.0 21.0 32.4 26.8 42.7 1.000 

Biscuits, cakes pastries & buns 26.9a 25.3 31.5ab 22.9 37.8b 30.6 0.026 30.6 24.4 33.1 28.4 32.5 27.5 1.000 

Sugars, confectionary & preserves 22.8 22.1 23.0 24.5 21.8 21.3 1.000 25.7a 24.6 19.4b 18.1 22.6ab 24.2 0.364 

Potatoes 34.8 41.2 30.4 31.9 28.0 32.1 0.520 33.6 36.2 31.6 39.6 28.1 29.6 1.000 

Potatoes chipped, fried & roasted potatoes 25.7 30.7 24.8 33.8 18.9 23.3 1.000 18.3a 24.6 21.9a 29.5 29.3b 33.3 0.026 

Potato products 8.0 18.2 5.0 15.0 6.3 25.2 1.000 2.2a 8.2 7.3b 24.1 9.7b 22.7 <0.001 

Fish, fish products & fish dishes 14.5 40.1 15.1 25.9 11.4 18.6 1.000 8.4a 15.7 12.8ab 22.8 19.8b 42.4 0.026 

Eggs & egg dishes 6.9a 13.1 8.8ab 16.4 12.9b 20.7 0.078 4.5a 10.0 10.4b 18.2 13.6b 20.3 <0.001 

Vegetable & pulse dishes 3.2 13.8 7.7 30.0 6.0 21.1 1.000 2.7a 13.3 3.2a 14.2 11.0b 33.5 0.130 

Breads & rolls 92.2a 47.3 85.9ab 46.5 79.0b 41.6 0.390 84.4 44.1 87.0 43.3 85.8 48.9 1.000 

RTEBC 31.9a 25.4 26.3b 21.4 24.3b 20.6 0.104 33.7a 23.1 26.8b 22.1 22.1b 21.8 <0.001 
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Other* 998.8a 398.3 915.3ab 343.9 835.4b 339.6 <0.001 861.6a 345.4 928.9ab 400.3 959.1b 347.9 0.650 

Nutritional supplements 13.4 31.5 17.2 42.7 24.2 56.3 1.000 18.6 40.7 16.0 39.3 20.4 53.2 1.000 

n, number; SD, standard deviation; % TE, percentage of total energy; SFA, saturated fatty acid; PUFA, polyunsaturated fatty acid; RTEBC, ready to eat breakfast cereals; 
Other food groups include rice, pasta, flours, grains, other breakfast cereals, non-alcoholic beverages, nuts and seeds, herbs and spices, fruit, vegetables, other milk and 
milk-based beverages; abcDifferent superscript letters indicate significant differences in mean values across tertiles (P <0.05); *One- way ANOVA was used with Scheffe 
post hoc test to assess difference between tertiles; Adjusted P value using Bonferroni correction method for multiple comparisons. 
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Table 1. The components and scoring systems of the HDI and DQI for Irish children aged 
5 – 12 years 

Component Score Intake Source 

HDI (10) 0/1   
SFA (%TE) 0/1 >10 / 0 - 10 UK DOH (1994); SACN 

(2019) 

PUFA (%TE) 0/1 <6 / ≥6 UK DOH(1994) 

CHO (%TE) 0/1 <45 or >60 / 45 - 60 EFSA (2010a) 

Free sugars (%TE) 0/1 >10 / 0 - 10 WHO (2003) 

Protein (%TE) 0/1 <10 or >15 / 10 - 15 WHO (2003) 
Vitamin D (µg/d) 0/1 <15 / ≥15 IOM (2010) 

Sodium (mg/d)   EFSA (2017) 

     5 - 6 years 0/1 >1300 / 0 - 1300  
     7 - 10 years 0/1 >1700 / 0 - 1700  
    11 - 12 years 0/1 >2000 / 0 - 2000  
Calcium (mg/d)   EFSA (2017) 

     5 - 10 years 0/1 <800 / ≥800  
     11 - 12 years 0/1 <1150 / ≥1150  
Dietary fibre (g/d)   EFSA (2010a) 

     5 - 6 years 0/1 <14 / ≥14  
     7 - 10 years 0/1 <16 / ≥16  
     11 - 12 years 0/1 <19 / ≥19  
Fruit and vegetables (g/d)  0/1 <400 / ≥400 WHO (2003) 

    

DQI (8)    

Total fat (%TE) 0/1/2 >45 / 35 - 45 / <35 EFSA (2010b) 

SFA (%TE) 0/1/2 >13 / 10 - 13 / <10 
UK DOH (1994); SACN 

(2019) 

Protein (%TE) 0/1/2 <10 / >15 / 10 - 15 WHO (2003) 
Vitamin D (15 µg) 0/1/2 <10 / 10 - 15 / ≥15 IOM (2010) 

Sodium (mg/d)   EFSA (2017) 

     5 - 6 years 0/1/2 
>1950 / 1300 - 1950 / 

≤1300  

     7 - 10 years 0/1/2 
>2550 /1700 - 2550 / 

≤1700  

    11 - 12 years 0/1/2 
>3000 / 2000 - 3000 / 

≤2000  
Calcium (mg/d)   EFSA (2017) 

     5 - 10 years 0/1/2 <536 / 536 - 800 / ≥800  

    11 - 12 years 0/1/2 
<770.5 / 770.5 - 1150 / 

≥1150  
Fruit and vegetables 
(servings/d)  0/1/2 0 - 2 / 3 - 4 / ≥5 WHO (2003) 

Bread and cereals 
(servings/d) 

0/1/2 0 - 3 /  4 - 5 / ≥6 

Helen Crawley (1994); 
Lyons and Giltinan 

(2013); manufacturer's 
instructions 
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Table 2. Mean daily intakes (g/d) of food groups across quartiles of HDI scores in Irish children 

 Lowest Low Medium High  

 n 141 n 195 n 164 n 100   

 Mean SD Mean SD Mean SD Mean SD P* 

Fresh meat 50.7 38.1 40.2 37.2 32.6 27.7 31.6 27.9 0.078 

Meat dishes 49.3 58.2 46.4 51.0 44.4 58.1 37.7 54.5 1.000 

Meat products 27.8 27.2 27.4 31.1 29.9 34.8 27.0 29.1 1.000 

Whole milk 91.3 116 144 165 146 165 124 152 1.000 

Low fat, skimmed & fortified milks 71.6 127 37.2 90.0 56.7 116 62.7 122 1.000 

Cheeses 11.9 15.2 10.1 11.4 11.3 13.9 9.15 11.6 1.000 

Butter 2.96 6.73 2.34 4.49 2.60 4.23 2.52 4.51 1.000 

Low-fat spreads 0.63 2.66 0.34 1.72 0.58 2.63 0.46 3.47 1.000 

Spreading fats and oils 3.60 6.04 3.71 5.15 3.85 5.23 4.14 5.81 1.000 

Ice cream and creams 9.33 14.9 8.31 14.3 8.61 14.5 8.49 13.5 1.000 

Puddings and chilled desserts 48.0 53.2 54.8 62.1 51.5 52.1 44.8 46.6 1.000 

Savouries 32.9 49.7 29.1 44.3 29.4 42.0 35.3 44.8 1.000 

Savoury snacks 9.04 11.0 7.81 11.5 8.10 9.63 12.1 14.8 1.000 

Soups, sauces & miscellaneous foods 28.7 39.6 22.0 30.3 25.3 48.0 24.0 47.3 1.000 

Biscuits, cakes pastries & buns 33.7 30.6 28.7 23.0 32.6 24.8 35.2 30.4 1.000 

Sugars, confectionary & preserves 22.4 23.2 22.3 19.6 23.8 27.5 21.4 18.3 1.000 

Potatoes 34.0 37.0 30.8 38.3 30.7 29.3 28.3 36.5 1.000 

Potatoes chipped, fried & roasted potatoes 18.0 22.1 22.9 28.1 21.7 28.6 33.2 39.9 0.442 

Potato products 6.26 27.0 6.54 17.7 4.12 11.0 10.2 23.2 1.000 

Fish, fish products & fish dishes 10.5 19.8 12.5 23.4 15.3 21.3 17.7 53.7 1.000 

Eggs & egg dishes 8.91 15.6 10.5 17.4 8.82 17.1 9.65 19.0 1.000 

Vegetable & pulse dishes 3.24 13.8 4.34 16.9 3.43 13.2 15.1 43.4 1.000 

Breads & rolls 84.4 39.5 81.0 44.7 91.4 48.9 87.4 48.3 1.000 

RTEBC 22.2 18.5 27.3 22.2 28.4 22.9 34.2 27.2 1.000 

Other† 892 403 874 320 928 349 1015 413 1.000 

Nutritional supplements 12.7 32.1 19.6 45.2 20.3 51.7 20.3 47.0 1.000 
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HDI, Healthy Eating Indicator; n, number; SD, standard deviation; RTEBC, ready to eat breakfast cereals; †Other food groups include rice, pasta, flours, grains, other 
breakfast cereals, non-alcoholic beverages, nuts and seeds, herbs and spices, fruit, vegetables, other milk and milk-based beverages; abc Different superscript letters 
indicate significant differences in mean values across quartiles. *General Linear Model was used to adjust for under reporters and test for differences across quartiles. 
Adjusted P value using Bonferroni correction method for multiple comparisons. 
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Table 3. Mean daily intakes of food groups across quartiles of DQI scores in Irish children 

 Lowest Low Medium High  

 n 150 n 132 n 134 n 184   

 Mean SD Mean SD Mean SD Mean SD P* 

Fresh meat 44.0 35.1 39.9 32.6 40.5 34.7 33.8 34.2 1.000 

Meat dishes 50.5 59.0 46.5 52.2 38.1 47.1 44.7 59.6 1.000 

Meat products 36.6 34.6 28.2 37.3 24.3 24.6 24.0 25.3 0.572 

Whole milk 114 146 130 138 161 188 117 141 1.000 

Low fat, skimmed & fortified milks 35.1 91.9 47.8 109 62.5 118 70.5 124 1.000 

Cheeses 13.9 15.8 10.6 11.9 10.4 13.5 8.41 10.7 1.000 

Butter 3.81 7.39 1.78 3.28 2.55 3.89 2.19 4.27 1.000 

Low-fat spreads 0.70 3.73 0.42 1.71 0.38 2.38 0.46 1.92 1.000 

Spreading fats and oils 4.76 6.48 3.11 4.40 3.07 4.89 4.02 5.63 0.286 

Ice cream and creams 7.47 13.0 7.37 12.1 9.66 16.1 9.83 15.4 1.000 

Puddings and chilled desserts 36.1 44.9 51.7 52.9 53.0 56.9 60.0 60.2 1.000 

Savouries 32.1 44.7 31.2 42.9 24.9 42.5 34.8 48.5 1.000 

Savoury snacks 10.1 13.5 7.55 11.0 9.11 11.5 8.67 10.5 1.000 

Soups, sauces & miscellaneous foods 26.2 38.3 26.1 37.8 20.9 34.2 25.6 48.7 1.000 

Biscuits, cakes pastries & buns 33.4 31.6 33.4 23.6 29.9 25.3 31.6 25.8 1.000 

Sugars, confectionary & preserves 21.3 25.6 19.9 19.6 23.5 22.9 24.9 21.8 1.000 

Potatoes 30.4 36.5 34.1 39.4 32.7 34.0 28.4 32.4 1.000 

Potatoes chipped, fried & roasted potatoes 27.1 33.4 22.5 30.4 17.8 20.1 24.3 31.4 1.000 

Potato products 6.9 27.0 5.85 14.4 6.51 19.9 6.36 16.3 1.000 

Fish, fish products & fish dishes 14.1 23.2 16.1 27.6 10.5 17.1 13.8 40.6 1.000 

Eggs & egg dishes 13.2 19.6 10.4 16.8 9.12 17.2 6.22 14.6 0.390 

Vegetable & pulse dishes 5.35 20.3 6.76 21.5 3.48 15.7 6.60 28.8 1.000 

Breads & rolls 88.1 43.8 72.0 38.1 87.3 44.3 92.5 50.5 0.234 

RTEBC 17.1 16.7 24.9 20.5 30.0 19.3 36.1 27.0 <0.001 

Other† 871 352 823 338 907 362 1027 378 0.052 

Nutritional supplements 10.6 29.1 21.4 54.7 16.5 38.8 23.7 50.6 1.000 
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DQI, Dietary Quality Index; n, number; SD, standard deviation; RTEBC, ready to eat breakfast cereals; †Other food groups include rice, pasta, flours, grains, other breakfast 

cereals, non-alcoholic beverages, nuts and seeds, herbs and spices, fruit, vegetables, other milk and milk-based beverages; abc Different superscript letters indicate 
significant differences in mean values across quartiles. *General Linear Model was used to adjust for under reporters and test for differences across quartiles. Adjusted P 
value using Bonferroni correction method for multiple comparisons. 

 


