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Abstract 

Background: Diabetes, obesity, gout, hypertension; these are all global epidemics that have 

been on the rise in recent years. Hard evidence has been produced showing an association of 

these diseases with the intake of free sugars. The World Health Organisation (WHO) 

recommends reducing free sugars intakes to less than 10% of total energy intake per day. The 

current population intakes of this nutrient in New Zealand are unknown as an objective, cost-

effective, time-efficient tool to estimate free sugars consumption has not been developed thus 

far.  

Objective: To examine the association between free sugars intake estimated by a brief food 

frequency questionnaire (FFQ) and free sugars intake estimated by δ13C measurements in red 

blood cells (RBCs). 

Method: We aimed to recruit 120 participants to provide adequate power, however, only 77 

individuals aged 20-70 years old were recruited from the Dunedin population in this ten-week 

observational study. Participants were required to attend a baseline and end-of-study clinic 

appointment in which anthropometric data, a blood sample and blood pressure were taken and 

a short, whole-diet FFQ was completed. In weeks 4 and 7, participants were asked to 

complete an online FFQ specific to free sugars intakes over the previous month. Reliability of 

the free sugars-specific FFQ was evaluated by comparing sugars estimates from two 

administrations of the FFQ taken one month apart. Associations between various sugars 

estimates from the FFQ and δ13C measurements in RBCs were examined using multiple 

regression analysis, cross-classification, test-retest reliability and by calculating Spearmans 

correlation coefficients. 

Results: Over half of the participants were female (66%) and 58% were of New Zealand 

European descent. There were no Pacific Islanders and 22% were from countries in Europe, 

indicating that our population may not be representative of the entire New Zealand 
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population. The mean difference of sugars intakes was significantly lower in the second 

administration of the FFQ compared to the first for all sugars. The repeatability of the FFQ 

was weak to moderate as Spearmans correlation coefficients ranged from 0.39-0.53 for total 

sugars, free sugars, added sugars, sucrose and SSBs. The Spearmans correlation coefficient 

for δ13C was 0.84, indicating a strong repeatability of the biomarker. Classification into the 

same tertile was low; ranging from 18.7% for added sugars to 34.7% for Sugar-Sweetened 

Beverages. Sugars estimates from both instruments were not at all related (Spearmans 

correlation coefficients for all were <0.2). There was no association between the isotope ratio 

and β-coefficient plus R2 value for each sugar intake prediction even after adjusting for age, 

sex and body fat percentage (and including δ15N as a marker of protein intakes).  

Conclusion: The lack of association found indicates that either the FFQ or the biomarker, or 

both, are unable to provide accurate estimates of an individuals’ dietary sugars intakes. 

Further research is needed to validate both the δ13C biomarker and the FFQ against a more 

reliable measure of dietary intake such as a 7-day weighed diet record. 
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Preface 

This Masters of Dietetics project is part of a wider study that aims to assess free sugars 

intakes using a brief FFQ instrument and comparing these with estimates from three reference 

methods: carbon stable isotope ratios (δ13C) in RBCs and hair, and weighed diet records. 

 

This thesis was carried out in Dunedin under the supervision of Dr Lisa Te Morenga from the 

Department of Human Nutrition. Co-supervision was also provided by Devonia Kruimer from 

the Department of Human Nutrition, Dr Rachael McLean from the Department of 

Preventative and Social Medicine and Dr Paula Skidmore from the Department of Human 

Nutrition. 

 

The responsibility of running clinic appointments and the collection of blood and hair samples 

was shared with Alice Talmage and Sophie Holzwarth – two other MDiet students. 

Laboratory work of the blood samples was also shared with these students. 

 

Dr Jill Haszard was the biostatistician consulted to seek advice on the statistical methods that 

were to be used and the sample size required to provide adequate power for this study. Jill 

carried out the majority of statistical analyses with Lisa also helping out in this area. Due to 

the heavy workload of other MDiet projects at the time, Jill did not have enough time to 

calculate Intraclass Correlations or conduct Bland Altman analyses for this study. If the 

findings had shown significant correlations, the conduction of these methods may have been 

prioritised. 

 

As part of this thesis, the candidate was (solely or partly) responsible for: 

• Reviewing the literature on dietary sugars, stable isotope ratios and dietary 

assessment methods and writing a literature review on this 
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• Recruitment of participants 

• Booking and scheduling appointments with participants 

• Conducting clinic appointments for participants 

• Laboratory work that included isolating the RBCs for further analysis 

• Measuring plus weighing tin capsules and pipetting RBCs into them to obtain δ13C 

values  

• Entering demographic and FFQ data into a Microsoft Excel spreadsheet 

• Entry and analysis of 7-day weighed diet records through Kai-culator 

• Cleaning and assembling dietary data for analysis in STATA by Dr Jill Haszard 

and Dr Lisa Te Morenga 

• Working with Dr Jill Haszard to determine what statistical analyses were required 

• Conducting statistical calculations to create a table displaying the baseline 

characteristics of participants 

• Creating tables to display the findings of this study                                           

• Interpreting the statistical findings 

• Write-up of this thesis  



vi 

 

Acknowledgements 

First and foremost, I give all glory to God. Philippians 4:13.  

 

I want to extend a very special thank you to my primary supervisor, Dr Lisa Te Morenga. 

Your guidance, passion and enthusiasm gave me the drive that I needed to push through my 

times of distress and cluelessness. You have so much knowledge to share and I am honoured 

to have had the opportunity to work alongside you! 

 

To Jill Haszard, thank you for doing the stats work that I never could – using STATA is 

definitely not one of my strongpoints. Many thanks to my co-supervisors for your ongoing 

support throughout my thesis journey. Your expertise was greatly appreciated! 

 

Gracias to my flatmates for being the perfect distractions that kept my mind off work 

whenever I was around them. In no way at all did it help me meet my deadlines... but you 

didn’t have to tell me twice to put my book down. Special shout out to my school friends who 

supported me right from day one and sponsored me when I was (and still am) a poor student. 

Y’all the real ones. 

 

Lastly, I want to thank four very special people in my life. My mum, my dad and my two 

brothers. Even though you weren’t there physically, I knew you were all cheering me on from 

the North Island. All the major achievements that I have made to this day (all two of them) 

happened because I had you four by my side. The unconditional love, support and 

understanding that you sent meant everything to me. I love and appreciate you, fam. 

 

Manuia lou Malaga 

Charlotte.  



vii 

 

Table of Contents 

Abstract ..................................................................................................................................... ii 

Preface ...................................................................................................................................... iv 

Acknowledgements .................................................................................................................. vi 

Table of Contents .................................................................................................................... vii 

List of Tables ............................................................................................................................ ix 

List of Figures ........................................................................................................................... x 

List of Abbreviations ............................................................................................................... xi 

1 Introduction ...................................................................................................................... 1 

2 Literature Review ............................................................................................................. 3 

2.1 Sugars ........................................................................................................................... 3 

2.1.1 Definition .............................................................................................................. 3 

2.1.2 Comparing current intakes to recommendations .................................................. 5 

2.2 Sugars and health implications .................................................................................... 6 

2.2.1 Energy balance and weight gain ........................................................................... 6 

2.2.2 Sugars and non-communicable diseases/mortality ............................................... 7 

2.3 Dietary assessment methods ........................................................................................ 8 

2.3.1 Dietary records and dietary recalls ....................................................................... 8 

2.3.2 Food Frequency Questionnaires ........................................................................... 9 

2.4 Underreporting and the 2008/09 Adult Nutrition Survey .......................................... 11 

2.5 Objective biomarkers ................................................................................................. 12 

2.5.1 Stable isotope ratios (δ13C) ................................................................................. 13 

2.5.2 δ13C and biological samples ............................................................................... 16 

2.5.3 Dual isotope model ............................................................................................. 17 

2.6 Conclusion ................................................................................................................. 18 

3 Objective Statement ....................................................................................................... 19 

4 Methods ........................................................................................................................... 21 

4.1 Design ........................................................................................................................ 21 

4.2 Sampling .................................................................................................................... 21 

4.3 Ethical approval ......................................................................................................... 22 

4.4 Research team training ............................................................................................... 22 

4.5 Data collection ........................................................................................................... 22 

4.5.1 Food Frequency Questionnaire ........................................................................... 24 



viii 

 

4.6 Laboratory analysis .................................................................................................... 24 

4.6.1 Specimen collection ............................................................................................ 24 

4.6.2 Bulk stable isotope analysis ................................................................................ 25 

4.7 Statistical analysis ...................................................................................................... 26 

4.7.1 Sample size ......................................................................................................... 26 

4.7.2 Food Frequency Questionnaire ........................................................................... 26 

4.7.3 Correlation between dietary sugars intake and stable isotope ratios .................. 27 

4.7.4 Multiple regression analysis ............................................................................... 28 

4.7.5 Test-retest reliability of the Food Frequency Questionnaire .............................. 28 

4.7.6 Individual ranking .............................................................................................. 29 

5 Results .............................................................................................................................. 30 

5.1 Participants ................................................................................................................. 30 

5.2 Correlation between dietary sugars intake and stable isotope ratios ......................... 30 

5.3 Multiple regression analysis ...................................................................................... 32 

5.4 Test-retest reliability of the Food Frequency Questionnaire ..................................... 36 

5.5 Individual ranking ...................................................................................................... 38 

6 Discussion ........................................................................................................................ 39 

6.1 Strengths and limitations ........................................................................................... 42 

6.2 Future research ........................................................................................................... 45 

6.3 Conclusion ................................................................................................................. 45 

7 Application of research to dietetic practice .................................................................. 47 

8 References........................................................................................................................ 49 

9 Appendices ...................................................................................................................... 58 

  



ix 

 

List of Tables 

Table 1 List of commonly used terms for sugars……………………………………………...4 

Table 2 Baseline characteristics of the study participants……………………………………31 

Table 3 The correlation between dietary sugars intake and stable isotope ratios (n=77) plus 

reported Spearmans correlation coefficients..........………………………………….32 

Table 4 Multiple regression analyses comparing prediction of dietary sugars intake from 

individual and combined isotopic measures (n=77)………………………………….33 

Table 5 Mean and confidence interval (CI) for daily intake of sugars among participants 

(n=77) as measured by the food frequency questionnaires…………………………...38 

Table 6 Cross-classification of participants (n=77) by tertiles of sugars intake between the 

FFQ and δ13C values………………………………………………………………….39 

 

 

 

  



x 

 

List of Figures 

Figure 1 Overview of the data collection procedure ............................................................... 23 

Figure 2 Associations between reported total sugar intake and predicted total sugar intake .. 34 

Figure 3 Associations between reported free sugars intake and predicted free sugars intake. 34 

Figure 4 Associations between reported added sugars intake and predicted added sugars 

intake. ....................................................................................................................................... 35 

Figure 5 Associations between reported sucrose intake and predicted sucrose intake. .......... 35 

Figure 6 Associations between reported SSB intake and predicted SSB intake. .................... 36 

 

  



xi 

 

List of Abbreviations 

ANS 08/09    2008/09 Adult Nutrition Survey 

BMI     Body Mass Index 

CI     Confidence Interval 

FFQ     Food Frequency Questionnaire 

g     gram 

HDL     High-Density Lipoprotein 

HFCS     High Fructose Corn Syrup 

kg      Kilogram  

LDL     Low-Density Lipoprotein 

LER     Low Energy Reporter 

m     metre 

mL     millilitre 

n     number 

NCD     Non-Communicable Disease 

r     Correlation Coefficient 

R2     Coefficient of Determination 

RBC     Red Blood Cell 

RCT     Randomised Controlled Trial 

SD     Standard Deviation 

SIR     Stable Isotope Ratios 

SSB     Sugar-Sweetened Beverages 

US     United States 

WHO     World Health Organisation 

δ     Delta 

%     Percentage 



1 

 

1 Introduction 

Historically, communicable diseases have been the single largest contributor to global 

mortality rates, exceeding the contribution made by non-communicable diseases (NCDs) 

(World Health Organisation, 2003). However, in recent times, the reverse has occurred as 

NCDs are now the leading cause of death in the world (World Health Organisation, 2014). 

Diet has been established as a modifiable risk factor for contracting an NCD (World Health 

Organisation, 2003).  Due to the production of evidence from multiple large trials connecting 

high intake of saturated fats to adverse health outcomes, fat has been the main culprit for this 

(Hooper, 2012). As a result, low-fat diets were pushed in public health programmes and fat 

content was reduced in the food supply yet, still, the rates of NCDs continued to rise (World 

Health Organisation, 2014). Increasing sugar content in the food supply maintained food 

palatability when fat content was reduced. There has been evidence linking excessive intake 

of free sugars to adverse health outcomes such as diabetes, obesity, gout and dental caries 

(World Health Organisation, 2015), which may have contributed to the continuous rise of 

NCDs observed. However, there is no consensus regarding sugars intake and the association 

with health, thus more research is needed to investigate this relationship. 

 

Accurate methods of assessing free sugars intake need to be developed to monitor the 

effectiveness of strategies to lower population intakes of sugars and to assess how these 

intakes compare with the WHO recommendations. Currently, it cannot be determined whether 

many countries, including New Zealand, are meeting these guidelines. There are two issues. 

Firstly, the free sugars content in the food supply and average intakes of free sugars are 

unknown (The New Zealand Institute for Plant and Food Research Limited and Ministry of 

Health, 2015). This is because free sugars and intrinsic sugars cannot be analytically 

distinguished via laboratory analysis. Secondly, accurately assessing dietary sugars intakes is 
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difficult. In the past, FFQs have been used to assess the relationship between dietary free 

sugars and health as they are cost-effective and have a low respondent burden. The problem 

with this method is that individuals tend to inaccurately report their dietary intake, especially 

in regards to snacks or sweet foods (Poppitt, 1998). The subjective nature of FFQs mean that 

underreporting of food intakes including sugars is common in large population studies, 

obscuring the relationship between diet and disease as true links cannot be made. This 

highlights the need for an objective method that cannot be influenced by random and/or 

systematic error resulting from information bias. 

 

Recent research has identified a promising solution to this problem. Multiple studies have 

shown a correlation between free sugars intake and the stable carbon isotope ratio (δ13C) in 

blood or hair (Cook, 2010; Davy, 2010; Yeung, 2010; Davy, 2011; Nash, 2012; Nash, 2013; 

Fakhouri, 2014; Nash, 2014). This may be a cost-effective and time-efficient method of 

adequately estimating usual sugars intakes as blood or hair can be drawn in a matter of 

seconds to minutes. However, one may encounter problems with blood drawing from some 

participants and the cost of analysing these blood samples may be relatively high. Further 

investigation on the benefit to risks ratio of this method is needed. The aim of the current 

thesis is to examine the associations between sugars intakes estimated by a brief FFQ 

instrument and δ13C measurements in RBCs as a biomarker of intakes. This will determine the 

suitability of the biomarker’s use in the Dunedin longitudinal study to investigate the 

association between free sugars intake and NCDs in adults, as well as determining the 

suitability of its use as a method of monitoring changes in population intakes of free sugars. 
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2 Literature Review 

Public interest in dietary sugars and its effects on health has grown exponentially, and for 

good reason. Global sugar consumption is increasing at an alarming level (World Health 

Organisation, 2003) which has sparked concerns that it has, and still is partially responsible 

for the rise in NCDs (World Health Organisation, 2015). It has been linked with increases in 

body weight (Te Morenga, 2013), dental caries (Moynihan, 2016), and diabetes (Malik, 2010) 

amongst others, highlighting the need for valid and reliable methods of estimating sugar 

intakes in populations to detect true associations between dietary sugars and health. This 

literature review will elaborate on the problem at hand, critically appraise the current 

literature, and identify any gaps in the research that need to be filled. Information was sourced 

from the Ministry of Health, World Health Organisation, and article databases such as 

Medline (Ovid), CINAHL, and ScienceDirect. Key words and MeSH headings used to find 

relevant articles were “dietary sugars”, “surveys and questionnaires”, “carbon isotopes”, 

“reproducibility of results”, and “health effects”. 

 

2.1 Sugars 

2.1.1 Definition 

The terms ‘sugars’, ‘free sugars’ and ‘added sugars’ are often used interchangeably. However, 

there are slight differences between the three. For the purpose of this literature review, ‘free 

sugars’ will be defined as all monosaccharides and disaccharides added to foods by the 

manufacturer, cook or consumer, plus sugars naturally present in honey, syrups and fruit 

juices (World Health Organisation, 2015). ‘Added sugars’ is similarly defined but does not 

include sugars that occur naturally in honey, syrups and fruit juices; and ‘sugars’ will 

encompass all sugars found in food including that naturally occurring in milk and fruit. Table 

1 displays an extensive list of terms used for sugars. From this table, it is not difficult to see 
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why determining sugar content in foods using nutrition information panels can be quite 

confusing for laypeople. There is not one calculation to work out or aspect of the label they 

would have to look at, but instead must know these different terms to get an idea of the 

amount of total sugar in that particular food. The current recommendation for free sugars is to 

reduce intake throughout the course of life and to restrict it to less than 10% of daily energy 

intake at all ages (World Health Organisation, 2015). A further reduction to below 5% of 

daily energy intake is conditionally recommended as the evidence to support this is less 

convincing (World Health Organisation, 2015). If sugar content in food is difficult to 

determine, how is one supposed to know if they are meeting these recommendations or not? 

Or if they are even in the vicinity of meeting these? This leads to the importance of 

developing an objective biomarker to estimate free sugars intakes in large population studies. 

This will ideally provide an overall idea on how different populations are doing (in regards to 

the free sugars intakes) when compared to the WHO recommendations. 

 

Table 1 List of commonly used terms for sugars 

Added sugars 

Anhydrous dextrose 

Cane sugars 

Corn syrup 

Corn syrup solids 

Crystal dextrose 

Dextrose 

Extrinsic sugars 

Free Sugars 

Fructose 

Galactose 

Glucose 

High Fructose Corn Syrup (HFCS) 

Intrinsic sugars 

Lactose 

Liquid fructose 

Malt syrup 

Maltose 

Natural sugars 

Non-milk extrinsic sugars 

Sucrose 

Sweetener 
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2.1.2 Comparing current intakes to recommendations 

Despite the WHO establishing a recommendation for the intake of free sugars, they are still a 

major contributor to total sugars in the diet. In the most recent New Zealand Adult Nutrition 

Survey conducted in 2008/09 (ANS 08/09), non-alcoholic beverages, and sugars and sweets 

contributed 17% and 15% to total dietary sugars in the adult population, respectively 

(University of Otago and Ministry of Health, 2011). The median intake for sucrose, a 

disaccharide commonly known as table sugar, was 42g for females and 55g for males which 

is equal to approximately 10 to 13 teaspoons of table sugar per day (University of Otago and 

Ministry of Health, 2011). Changes from the 1997 National Nutrition Survey to the ANS 

08/09 showed that there was no significant change in sucrose consumption in females and a 

slight decrease in males (University of Otago and Ministry of Health, 2011). One possible 

cause that has led to this consumption is the amount of sugar in the food supply. It was 

estimated that from 2013 to 2014, the global sugars industry produced 175 million tonnes of 

sugar that was added to the food supply (United States Department of Agriculture & Foreign 

Agricultural Service, 2013). Coinciding with this, the rates of NCDs such as diabetes (Basu, 

2013) and obesity (World Health Organisation, 2015) have also risen. Whether these two are 

interrelated or have occurred simultaneously purely by coincidence may still be up for debate. 

Multiple studies have shown little to no association between sugar consumption and health 

parameters such as increases in blood pressure, Body Mass Index (BMI) or metabolic 

syndrome risk factors (Sun, 2011; Ha, 2012). With all this contradicting evidence, it can be 

hard to identify what associations between sugars intake and health are actually true. These 

associations are unclear because of the use of unreliable, subjective dietary assessment 

methods in large population studies that tend to inaccurately report nutrient intakes. This, 

again, highlights the need for valid and reliable methods of estimating sugars intake to 

produce hard evidence on these links. 
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2.2 Sugars and health implications 

2.2.1 Energy balance and weight gain 

A simple concept exists: weight gain is inevitable if energy intake is more than energy 

expenditure (Mann, 2012). The problem with food and beverages high in free sugars is that 

they often offer little to no nutritional value when compared to natural sources of sugars such 

as fruit and vegetables. They have minimal vitamin, mineral, and fibre content, and do not 

affect satiety levels in individuals (Ruxton, 2010). This deserves attention as sugar-sweetened 

beverages (SSB) make a large contribution towards free sugars in the diet (Hedrick, 2015a). 

SSBs are essentially ‘empty calories’; they are easy to over-consume and thus may lead to 

weight gain. This has shown to be the case in free living people, as SSB intake was positively 

associated with body weight (Malik, 2013). Te Morenga (2013) also found significant 

increases in weight due to increased dietary sugars intake. This was based on a meta-analysis 

of 68 randomised controlled trials (RCTs) or prospective cohort studies that looked at the 

intake of total sugars, a constituent of total sugars, or on the intake of sugar-sweetened 

beverages or food; and one or more measure of body fat. It was concluded that changes in 

body composition and weight were due to an energy imbalance or increased caloric intake in 

individuals as isoenergetic exchanges of sugars with other carbohydrates did not elicit weight 

gain (Te Morenga, 2013). A systematic review by Sievenpiper (2012) showed results that also 

aligned with this. A total of 31 isocaloric trials and hypercaloric trials were included that 

looked at the association between body weight and free fructose or other carbohydrates 

including glucose, sucrose or starch in isocaloric diets or hypercaloric diets (free fructose was 

added to provide the excess energy). Fructose did not have a different effect on weight than 

other carbohydrates in studies that strictly controlled energy intakes. This implies that it may 

be the excess energy that results in weight gain rather than the fructose consumption itself. 

This review, however, included trials with a small number of participants (n<15), of short 

duration (<12 weeks), and of low quality. We should therefore be sceptical about the 
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implications of these findings. Although it is a simple concept of energy in and energy out, 

simple concepts do not always warrant simple solutions. Again, inconsistent results have been 

produced on the association between free sugars intake and health due to the use of dietary 

assessment methods that are subject to reporting bias and therefore may not be estimating 

dietary intakes accurately. An objective tool that can truly estimate these nutrients is needed. 

 

2.2.2 Sugars and non-communicable diseases/mortality 

Overconsumption of free sugars has been associated with gout, cardiovascular disease, 

diabetes, and obesity (Johnson, 2009b; Stanhope, 2012; Basu, 2013). Studies have also linked 

the intake of SSBs with an increased risk of dental caries (Moynihan, 2016), developing the 

metabolic syndrome (Denova-Gutierrez, 2010), hypertension, high triglycerides, high BMI, 

and decreased high density lipoprotein (HDL) cholesterol (Stanhope, 2011; Te Morenga, 

2014). However, there is also evidence that shows no association between sugars intake and 

health (Sun, 2011; Zgaga, 2012). 

 

Studies examining the link between sugars and the metabolic syndrome and components that 

make up the metabolic syndrome (for example, raised blood pressure, hypertriglyceridaemia, 

and reduced HDL cholesterol) have been inconsistent in their findings. A meta-analysis of 39 

RCTs reporting the effects of dietary free sugars modification on blood pressure and lipids 

showed that triglyceride concentrations were significantly raised with higher sugar intakes 

compared with lower sugar intakes (mean difference: 0.11 mmol/L; 95% CI: 0.07, 0.15 

mmol/L; P<0.0001) (Te Morenga, 2014). However, considering only trials in which greater 

weight reduction was reported in the higher sugar intake groups, the effect of sugars on total 

cholesterol and triglycerides was attenuated and no longer significant. Sun (2011) also 

showed no association between sugars intake and the indicators of metabolic syndrome. This 

analysis was based on cross-sectional data from 25, 506 subjects aged 12-80 years old. Sugar 
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consumption had no association with triglycerides in the blood, HDL cholesterol or blood 

pressure (Sun, 2011). This data has its limitations as dietary information was obtained using 

only one or two days of dietary data. Therefore, this may not be predictive of individuals’ 

long term dietary patterns but can be used to estimate population means. This research has 

been conducted in other countries where the food supply has different food compositions. 

There is limited evidence examining the links between free sugars intake and health in New 

Zealand populations, thus research is warranted to understand the extent to which sugar is a 

determinant of NCDs in this country.  

 

2.3 Dietary assessment methods 

The use of quantitative daily consumption methods in large population studies is common 

practice. The most common methods include 24-hour diet recalls, FFQs, diet records, and 

weighed food records. They each differ in their strengths and weaknesses for estimating 

actual dietary intake and are, therefore, chosen based on their suitability to the study’s 

objectives.  

 

2.3.1 Dietary records and dietary recalls 

Weighed diet records are preferred when the aim is to assess relationships between the diet 

and chronic disease or to validate biomarkers (Gibson, 2005). These records are considered 

the most accurate for estimating usual dietary intakes of participants in the short-term 

(Gibson, 2005). This comes at a cost to the participant as a high burden is placed on 

respondents to weigh all food and beverages consumed within the specified timeframe. Even 

though accuracy may be high, significant underreporting may still occur. In the past, diet 

records have been used to assess the relationship between dietary components and obesity. 

One study showed that obese subjects reported a significantly higher sugar intake than those 

in the normal weight range, and were also more likely to underreport (Duvigneaud, 2007). 
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Though dietary records can provide good detail, it is still subject to underreporting in the 

obese population. 

 

In contrast, 24-hour diet recalls assess food and nutrient intake retrospectively. Recalls are 

superior to diet records in this way as reporting bias is reduced (individuals cannot modify 

their recent intake to project a healthier diet) (Gibson, 2005). Diet recalls place a heavy 

reliance on memory which increases the likelihood of meals or food components (e.g. 

condiments) to be missed. 24-hour dietary recalls were used in the ANS 08/09. Consistent 

with research elsewhere, low energy reporters (LERs) were identified in the ANS 08/09 – 

almost a quarter of subjects included in the analysis (Gemming, 2014). Therefore, the validity 

of the ANS 08/09 data would have been affected by the use of only one 24-hour recall. 

Obtaining dietary data from only one diet recall will not account for intra-individual 

variability as everyone changes the components of their daily intake from one day to the next 

(Willett, 1998). Thus, only reporting one or two applications of a 24-hour recall, as in the 

ANS 08/09, does not typically represent individuals’ usual food intake. Dietary recalls are 

commonly used in large population studies; however, they are not particularly seen as the 

‘gold standard’ or multiple administrations may have to occur to account for long-term 

variations in dietary intake. 

 

2.3.2 Food Frequency Questionnaires 

Although dietary information from FFQs may not be as precise as previously mentioned 

methods, they are more representative of individuals’ habitual intake (Gibson, 2005). FFQs 

comprise of a list of specific foods or food groups to assess the intake of specific nutrients or 

total dietary intake. In the past, 75% of large prospective cohort studies have used FFQs to 

assess the relationship between individuals’ usual food and nutrient consumption and health 

outcomes (Sonestedt, 2006). This is because FFQs are cheaper to administer on a large-scale, 
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can be completed without the assistance of trained staff, and have a lower respondent burden 

than most other dietary assessment methods (Gibson, 2005). The problem with using this 

generalised tool to assess a population’s intake is that it may not meet the needs of 

marginalised communities. FFQs need to be validated in the target population before its 

implementation (Sam, 2012). If they are not, key nutrients specific to the population of 

interest may be missed and the resulting data may not be representative of their dietary intake.  

 

Validating FFQs will ensure that sources of nutrients, such as free sugars, commonly 

consumed in the targeted community are detailed in the FFQ to improve the accuracy of 

estimating the nutrient of interest (Willett, 1998; Gibson, 2005). Ensuring the proposed FFQ 

is validated and reliable for estimating free sugars intakes in the targeted population is crucial 

to find accurate associations between dietary sugars and health (Cade, 2004). Although 

weighed food records are the preferred dietary assessment method to validate FFQs, dietary 

recalls are favoured in low literacy populations or when participants’ compliance is limited. 

Tailoring FFQs to specific populations is warranted to increase the validity and reliability for 

estimating dietary intakes, however, they are still subject to reporting bias and thus an 

objective dietary assessment method is needed to accurately estimate sugars intakes. 

  

There is a need for FFQs that specifically estimate free sugars intakes and have been designed 

and validated for a New Zealand population. The Food Options of Dunedinites FFQ is a self-

administered, semi-quantitative, 154-item questionnaire that assesses nutrient intake over the 

past year in New Zealand adults (Sam, 2012). This FFQ was validated in 135 subjects living 

in Dunedin who completed eight days of weighed diet records over a course of one year. 

Crude correlation coefficients for fructose and sucrose were 0.38 and 0.47, respectively (Sam, 

2012). This FFQ would perform modestly in estimating fructose or sucrose intakes, but its use 

may only be appropriate in examining associations between dietary sugars and health 
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outcomes in large population studies (Sam, 2012). Long, multi-nutrient FFQs, such as those 

highlighted above, are considered superior to shorter questionnaires as the latter have been 

shown to underestimate foods that are perceived as socially undesirable (Rockett, 2007). This 

includes foods high in free sugars, therefore, shorter questionnaires may not be appropriate in 

these situations. Longer questionnaires, however, are time consuming for participants to 

complete and for researchers to analyse, and may also require higher literacy levels (Willett 

1998, Gibson, 2005). An FFQ designed and validated for a New Zealand population that 

specifically estimates sugars intakes is needed to create a balance between accuracy and 

respondent burden. 

  

2.4 Underreporting and the 2008/09 Adult Nutrition Survey  

It is a widely-known fact that underreporting is a common issue in large population studies 

(Poppitt, 1998; Gemming, 2014). This is because there is no reliable method for assessing 

sugars intakes and there is a reliance on self-reported dietary assessment methods to estimate 

these. Past research has shown that individuals are less likely to report food that is consumed 

between meals than that eaten during meal times (Poppitt, 1998). This may be due to genuine 

forgetfulness or the purposeful omission of food items to illustrate a diet lower in energy 

(known as social desirability bias). Thirty-three women (18 obese, 15 non-obese) were 

observed for 24 hours to examine the underreporting of food; their ad libitum intake was self-

reported and covertly measured by the researchers. When these values were compared, 

reported total daily energy intake and between meal foods were significantly lower than 

measured values (Poppitt, 1998). Carbohydrate and added sugars were also significantly 

underreported. It was found that between meal foods were often higher in carbohydrate and 

added sugars which may have been the cause for this. This concurs with another study that 

found foods high in fat or sugars are significantly underreported in dietary records (Lafay, 

2000). This was a cross-sectional study that was done on 1,033 men and women between the 
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ages of 25 and 55 years. Underreporting of specific food items was not due to the 

underestimation of portion sizes but rather due to the concern of specific foods that are 

considered ‘unhealthy’ (Lafay, 2000). 

 

The ANS 08/09 reported median intakes of total sugars in New Zealand of 120g for males and 

96g for females (University of Otago and Ministry of Health, 2011), which is a slight 

decrease from the 1997 National Nutrition Survey (131g for males and 99g for females) 

(Gemming, 2014). This may be due to underreporting of sugar intakes or due to increased 

public awareness on the potential negative health impacts that sugar can have. In the ANS 

08/09, 3919 men and women over the age of 15 years were examined to evaluate reported 

dietary intakes using 24-hour dietary recalls. Gemming (2014) used the ANS 08/09 data and 

estimated that 21% of men and 25% of women reported implausibly low energy intakes. 

Specific population subgroups were more likely to be LERs i.e. those who were overweight or 

obese, those of Pacific ethnicity, or the elderly (>64 years) (P<0.001) (Gemming, 2014). 

Although measured body weights have increased over time in New Zealand, self-reported 

daily energy intake has decreased (University of Otago, 2011). Can it, then, be safe to assume 

that data from self-reported dietary assessment methods are reliable and accurate given the 

simple concept of energy balance? Although they may provide a general idea of dietary 

intakes of individuals surveyed and may be the simplest and easiest to administer on a large-

scale, care should be taken when interpreting results due to underreporting being a common 

occurrence (Jenab, 2009).  

 

2.5 Objective biomarkers 

The subjective nature of these self-reported dietary assessment methods has emphasised the 

need to find another method of estimating dietary intake. Biomarkers may be one solution and 

can potentially be a sound way of assessing the validity and reliability of FFQs for estimating 



13 

 

sugar intakes. These are an objective method not subject to reporting bias as they are not 

reliant on participant feedback. When used in conjunction with FFQs, objective biomarkers 

can account for some measurement error and increase accuracy (Kipnis, 2001). Biomarkers 

are affected by genetics, type of tissue sampled and laboratory analysis (Hedrick, 2012). They 

are also affected by lifestyle factors such as smoking as these can skew biomarker estimates 

of dietary intake (Hedrick, 2012). Although objective biomarkers do have their strengths over 

other dietary assessment methods, it is still important to assess the ability of it for estimating 

sugar intakes across different populations. 

 

2.5.1 Stable isotope ratios (δ13C) 

A proposed biomarker of free sugars intake is the carbon stable isotope ratio of 13C to 12C 

(SIR; denoted by δ13C). Recent research has shown that intake of most sugar-containing foods 

can be estimated by measuring δ13C in blood, tissue, or hair as these values have been shown 

to correlate with foods derived from corn or sugar cane (Jahren, 2006). A study was 

conducted on approximately 100 off-the-shelf food products derived from plants to determine 

the natural abundance of the carbon SIR. Results showed that, indeed, there is a distinct range 

of δ13C values for sugar cane and corn-derived foods (Jahren, 2006). If the levels of δ13C in 

body tissues reflect intake of these types of foods then this biomarker could be an effective 

alternative to dietary assessment methods as, unlike other biomarkers which may have been 

derived from dietary or endogenous sources, all carbon in the body has originated from food 

consumed (O’Brien, 2015). This also means that evidence for diet and health relationships can 

be relatively strong (O’Brien, 2015). For biomarkers to be practical, it is also important that 

they can be stored for later measurement. SIRs are unaffected by long term storage or freeze 

thaw processes (O’Brien, 2015). The biological sample can therefore be frozen and stored for 

later analysis and used in future studies for which retrospective data would be valuable. For 
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example, in situations where dietary data has not been obtained. Given these advantages, δ13C 

seems to be a promising biomarker for estimating free sugar intakes. 

 

δ13C values vary in the worldwide food supply as different countries use different sweeteners. 

For example, the United States (US) uses sweeteners mostly derived from C4 plants (O’Brien, 

2015); this includes corn, sugar cane, millet, and sorghum. The climate in which these plants 

are subject to dictates whether they are C3 or C4 plants. Both use the process of 

photosynthesis to convert carbon dioxide and water to carbohydrate and oxygen, however, C4 

plants require an extra step beforehand to convert carbon dioxide to useable photosynthesis 

components (O’Brien, 2015). These differences in photosynthesis result in differences in the 

amounts of 12C and 13C atoms incorporated into the glucose synthesized by the plants; C3 

plants such as rice, soy, canola, and wheat contain 12-13% less 13C than C4 plants (O’Brien, 

2015). People who have a diet high in free sugars have been shown to have a higher δ13C ratio 

in their tissues than people with low free sugars intakes. However, some sugars are derived 

from C3 plants, such as beet sugars and fruit-based sweeteners, thus the δ13C ratio might not 

distinguish between high and low sugar consumers in people who have a high intake of C3-

derived sweeteners (Hedrick, 2012; Fakhouri, 2014). In New Zealand though, C3-derived 

sweeteners are uncommon thus the δ13C biomarker may be especially good for predicting free 

sugars intakes. It is important to conduct research in New Zealand to validate this biomarker 

as there are varying δ13C abundances in different food supplies (O’Brien, 2015). 

 

δ13C measurements have been shown to have the potential to estimate free sugar intakes. 

Davy (2010) showed that it can distinguish low sugar consumers from high sugar consumers 

in a prospective cohort study involving 60 individuals aged 21 years and over. Participants 

were asked to attend three clinic visits in which anthropometric data were obtained, capillary 

(fingerstick) blood samples were taken (for δ13C analysis) and a beverage questionnaire was 
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completed along with a 4-day diet record. δ13C measurements correlated with dietary intake of 

added sugars and SSBs with δ13C values in the highest and lowest added sugar intake groups 

being significantly different. This shows promise in fingerstick blood samples as a relatively 

non-invasive biomarker of added sugar and SSB intake (Davy, 2011) – both of which are 

major contributors to δ13C in the diet (Cook, 2010; Fakhouri, 2014). Fakhouri (2014) 

produced similar results in their RCT which showed that, over an 18-month period, 

decreasing SSB intake (estimated using two 24-hour recalls) by one soda can per day (or 12 

ounces per day) from baseline was associated with a 0.12% decrease in serum δ13C. Yeung 

(2010) also showed a similar association between SSB intake and serum δ13C values in a 

cross-sectional study that assessed dietary intake with a FFQ. Serum δ13C values for 

participants in the group with the lowest SSB intakes were significantly lower than those with 

the highest SSB intake (–19.15‰ vs. –19.47‰; P<0.001) (Yeung, 2010). Associations 

between the diet and δ13C in this study may not have been as strong as the association 

observed in the study by Davy (2010) described above due to the dietary assessment method 

used (FFQ vs 4-day diet record). Also, due to the study of the design, causal associations 

cannot be determined. On the other hand, Cook (2010) conducted a crossover dietary 

intervention trial that examined the relationship between δ13C in plasma glucose and intakes 

of C4 plant foods. Five participants consumed three diets with differing carbohydrate content 

from sugars derived from C4 plants (5, 16, or 32%) for seven days each. There was a two-

week washout period with blood taken at least two times on three out of the seven days of 

each diet. A strong, positive correlation was observed between the natural δ13C abundance of 

plasma glucose and the percentage of total daily carbohydrate content from C4 sugars of the 

previous meal (R2=0.90) (Cook, 2010). This suggests that δ13C in plasma glucose is a suitable 

biomarker for C4 sweeteners from recent intake. However, the high correlations found 

between the δ13C measurement in post-prandial plasma glucose and sugar intake seem to only 

reflect recent dietary intake (i.e. the previous meal) and does not represent intake over 
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multiple days or weeks (Cook, 2010; Nash, 2014). It is important to point out the short 

duration of each diet and the small number of participants in this study as it may not have the 

ability to measure precise differences. Although these studies show consistent results in the 

association between δ13C measurements and sugars intake, more research is needed to clarify 

the time course over which δ13C values represent dietary intake. 

 

2.5.2 δ13C and biological samples 

δ13C measurements can reflect food consumption over the short-term or long-term, depending 

on the type of tissue sampled. For example, blood, hair, and urine reflect free sugars intake 

over the period in which they were synthesised (Nash, 2013). Whole blood can reflect dietary 

intake over the past two to three weeks, while hair can reflect intake over two to four months 

(Gibson, 2005). RBCs have a lifespan of approximately 120 days and therefore can capture 

dietary information (e.g. free sugars intake) over the long-term (Jahren, 2014). As mentioned 

previously, Davy (2011) examined the association between δ13C levels in non-fasting 

capillary (fingerstick) blood and added sugars intakes. δ13C in capillary blood was modestly 

associated with intakes of total added sugars (r=0.37), soft drinks (r=0.26), and total SSB 

(r=0.28) (Davy, 2011). Similar to blood, isotope ratios in hair and plasma have also been 

shown to reflect sugars intakes. There were 52 individuals aged 14 years and over from the 

Yup’ik population that were examined to assess the validity of using RBCs, hair, or plasma 

for predicting sugars intakes. 24-hour dietary recalls were used to calculate sugars 

consumption, and fasting blood samples and hair were used to measure δ13C levels. SIRs in 

RBCs and hair both explained around 34%, 47%, and 52% of the variance in SSBs, added 

sugars, and total sugars, respectively (Nash, 2014). These studies indicate that SIRs in 

capillary blood or hair have the potential to be reliable and feasible for estimating free sugars 

intakes in large population studies as they are relatively non-invasive, easy to collect, easy to 

process, and easy to store. 
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2.5.3 Dual isotope model 

Although there is evidence that δ13C can estimate free sugars intake, other research has shown 

that it is not sensitive to all sugar-containing foods and may be influenced by protein-based 

foods. The consumption of meat from animals that have been fed with corn, a C4 plant, can 

affect δ13C values as their tissues will contain traces of the corn that they consumed (Hedrick, 

2012; Nash, 2013). Nash (2012) showed that δ13C measurements had a stronger association 

with protein-based food than sugar-based food. There were 230 participants from the Yup’ik 

population participating in the Centre for Alaska Native Health Research Study that were 

analysed to evaluate the isotopic biomarkers of market and traditional food intake. Dietary 

intake was assessed using a 3-day diet record and a 24-hour diet recall. RBC δ15N values were 

correlated with self-reported intakes of fish and marine mammals and δ13C values were 

correlated with foods made from corn and sugar cane (r=0.52, P<0.0001; r=0.46, P<0.0001, 

respectively) (Nash, 2012). As there is a stronger correlation with protein-based food, using 

δ13C in isolation may not be best practice. The use of a dual isotope model has been proposed 

to overcome this and increase RBC analysis specificity for sugar-based foods. Animal-derived 

foods can contain substantial amounts of 13C which could confound the relationship between 

sugars intakes and δ13C. Thus this model uses δ15N as a correction factor to account for 

ingestion of animal protein due to higher δ15N values in animal products compared to plant 

products. To test this proposition, 68 subjects aged 14-79 years from the Yup’ik population 

were examined to find out whether a dual isotope model (including δ15N as an independent 

variable) could control for confounding dietary effects of meat and fish consumption on the 

association between δ13C and sugars intakes to improve the accuracy in estimating sugar 

intakes. When compared to the δ13C model alone, the dual isotope model accounted for more 

than three times as much of the variation in sweetener intake (Nash, 2013). This dual isotope 

model does not require more statistical analysis than a δ13C model alone. Therefore, it is a 

simple method to increase the sensitivity of carbon isotopes to accurately estimate free sugars 
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intake. Although δ13C isotope measurements can reflect the majority of sugar consumption in 

a typical US diet, it is not sensitive to all sugar-containing foods and includes δ13C from 

animal sources. More research is needed to assess the relationship in the New Zealand 

population and food supply as the demographic characteristics and food composition varies 

from country to country. Further investigation on the effectiveness of using a dual isotope 

model for estimating sugar intakes is also needed. 

 

2.6 Conclusion 

The subjective nature of self-reported dietary assessment methods has led to the production of 

data that may be underestimating actual dietary intakes. Objective biomarkers for assessing 

free sugar intakes are not subject to reporting bias and may be a better tool to validate whether 

the proposed FFQ is reliable for estimating nutrient intakes. Multiple studies have been 

conducted overseas to assess the relationship between diet and health, however, there needs to 

be a large-scale, validation study done on the New Zealand population to monitor population 

consumption of free sugars and to investigate the relationship between δ13C values and free 

sugar intakes to inform public health programmes that aim to lower intakes of this nutrient. 

One thing to consider is that biomarkers cannot differentiate between food sources in the diet, 

but they are good at assessing the degree of underreporting from self-reported intakes. It may 

be best to use biomarkers in conjunction with validated FFQs to account for measurement 

error and to provide better estimates of dietary intake. 
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3 Objective Statement 

The rates of non-communicable diseases in New Zealand are becoming more and more of an 

issue. Although previous research has shown links between free sugars intakes and adverse 

health effects such as dental caries (Moynihan, 2016), weight gain (Te Morenga, 2013), and 

diabetes (Malik, 2010), further research is needed to confirm these links as they are yet to be 

clearly established. This literature review has identified an important gap: the need to find an 

accurate assessment method to estimate free sugars intakes and the association between free 

sugars and carbon stable isotope ratios, thus providing rationale for this thesis. This objective 

biomarker may prove to be an alternative to the subjective, flawed dietary assessment 

methods currently used in practice (such as FFQs). This is not to say that this biomarker does 

not come without flaws too but it may be a more cost-effective, time-efficient method that is 

unaffected by inaccurate reporting of dietary intake to assess free sugars consumption in large 

population studies. This can then allow for comparisons of current estimated free sugars 

intakes to be made with the latest WHO recommendations and inform public health 

interventions. 

 

The overall aim of this thesis is to assess the feasibility of reliably assessing free sugars using 

a brief FFQ instrument to determine whether it is suitable for use in the Dunedin study to 

investigate the relationship between free sugars intake and progression of cardiometabolic 

disease and oral health in adults, as well as in other New Zealand cohort studies. This will be 

compared with the estimates of free sugars intakes predicted by δ13C measurements in RBCs 

using δ15N as a correction factor (dual isotope model). 
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Objectives: 

1. To determine the degree of correlation of the brief FFQ instrument for estimating free 

sugars intakes over the previous month, with δ13C measurements in red blood cells 

that reflect intakes over a similar time period. 

2. To assess the test-retest reliability of the brief FFQ by comparing free sugars intakes 

estimated from two administrations of the tool taken one month apart. 
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4 Methods 

4.1 Design 

This was a prospective cohort study on a sample of healthy adults living in Dunedin, New 

Zealand between the months of January and May of 2017. The aim was to validate an FFQ 

(created to estimate free sugars intakes) against a proposed biomarker in the blood (δ13C). 

 

4.2 Sampling 

We aimed to recruit 120 people from the Dunedin population to participate in this study.  

 

Eligible participants met the following criteria: 

• Men and women aged between 18-70 years old; 

• Had no known major chronic diseases; 

• Planning on staying in Dunedin for the next ten weeks; and 

• Not intending to make any major changes to their habitual diet during the study period. 

 

These criteria were chosen to form a population similar to that in the Dunedin Study and to 

the wider New Zealand population. Results from this study will therefore be applicable to the 

general population. 

 

Participants were recruited through personal networks, articles in the local newspaper (The 

Star) and via posters (Appendix A) around the University of Otago campus. The recruitment 

phase for this study was conducted between January 2017 and May 2017. Once participants 

expressed their interest, information sheets (Appendix B) explaining the study’s protocols, 

potential risks and benefits were sent out. 
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4.3 Ethical approval 

This study was approved by the University of Otago Human Ethics committee (reference 

H16/122). It is also registered under the Australian New Zealand Clinical Trials Registry 

(reference 12616001352493). 

 

4.4 Research team training 

Prior to study commencement, research assistants received training on standard protocols for 

data collection such as taking height and weight measurements and how to provide clear, 

informative verbal instructions to participants for completing the FFQs. Research assistants 

also received training in laboratory techniques including separating the RBCs and plasma in 

blood before the preparation of samples for isotope analysis. 

 

4.5 Data collection 

This study comprised of two clinic visits at the Department of Human Nutrition: one at 

baseline and the other at the end of the ten-week study. Reminders via text or email were sent 

before each scheduled clinic visit. Participants were asked to complete a short FFQ 

(Appendix C) at baseline and at the end of the study, and two online FFQs at weeks 4 and 7 

(Appendix D). Figure 1 summarises the study design. 
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Figure 1 Overview of the data collection procedure 

 

At the baseline clinic visit, participants were briefed on the study aims and procedures, and 

what the expectations of them were for the ten-week study. If participants agreed to take part, 

a consent form was signed (Appendix E) and a demographic questionnaire (Appendix F) 

was completed. The first administration of the 57-item, self-administered, semi-quantitative 

FFQ aimed at estimating usual food intake over the previous three months was also 

completed. This three-month timeframe was chosen as the biomarker of interest (δ13C) 

reflects the turnover rate of the RBCs that it is measured in (three months) (O, Brien, 2015). 

Each participant’s height and weight were taken in duplicate, and blood pressure was taken in 

triplicate by a trained research assistant. The bio-impedance scale used to measure weight was 

the Wedderburn Body Composition Analyzer BC-418. Height was taken using a Seca model 

stadiometer. Participants were asked to position their heels against the back of the 

stadiometer, stand upright with their head in the Frankfort Horizontal Plane, and to take a 

deep breath in and hold for the researcher to record the height to the nearest millimetre. 

Height or weight was measured again if there was a discrepancy between the two measures of 

at least 0.5 centimetres or kilograms, respectively. BMI was calculated by dividing the weight 

(kg) over height (m) squared. 

•Consent form

•Contact details

•Demographic 
questionnaire

•Blood

•Short FFQ (1st 
administration)

•Anthropometric 
measures

•Blood pressure

Week 1

•Sugar-specific 
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At the final clinic visit, participants completed the second administration of the short FFQ that 

was also provided at the baseline clinic visit. Each participant’s height and weight were taken 

in duplicate, and blood pressure was taken in triplicate by a trained research assistant. 

Participants were reimbursed $100 (in the form of grocery vouchers) to compensate them for 

their transport costs, time and effort that was put into the study. 

 

4.5.1 Food Frequency Questionnaire 

A 41-item, self-administered, semi-quantitative online FFQ aimed at estimating usual sugar 

consumption over the previous month was completed by participants at weeks 4 and 7. It has 

been shown that subjects answer FFQs based on their last month of intake even though they 

may have been asked about the previous few months or previous year (Subar, 1995). 

Therefore, an FFQ estimating intake from the previous month is appropriate to estimate 

sugars intakes. Those that did not have access to a computer were provided with a paper 

version. This FFQ was an adaptation from existing sugar-specific FFQs that had been 

validated in Māori and Pacific populations in New Zealand (Teufl, 2013; Walter, 2013). 

Dietary intake data were used from the ANS 08/09 to adapt this FFQ to a European 

population (Olney, 2016). 24 hour recalls in this survey were used to estimate the frequency 

of consumption for the items in this FFQ. 

 

4.6 Laboratory analysis 

4.6.1 Specimen collection 

At both clinic visits, a 5 mL blood sample was taken from each participant by a trained 

professional. Blood was collected in 7 mL EDTA vacutainer tubes for serum and RBC 

analysis. 
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Blood was first separated into its plasma and RBC constituents by centrifuging at 3000rpm at 

4oC for 15 minutes. The plasma was removed and stored in Eppendorf tubes at -80oC for later 

use. The white blood cells and platelets were discarded. The RBCs were then washed with a 

saline solution (0.45g Sodium Chloride with 50mL deionised water). The tube was gently 

inverted and shaken for approximately 30 seconds. This allowed the saline solution to mix 

with the RBCs. Next, the samples were centrifuged at 3000rpm at 4oC for 3 minutes. The top, 

clear layer containing the saline solution and proteins was removed and the RBCs were re-

washed with the saline solution and centrifuged. The saline solution was removed and the 

RBCs were collected into Eppendorf tubes and stored at -80oC.  

 

4.6.2 Bulk stable isotope analysis 

Bulk isotopic compositions are expressed as delta (δ), which is the difference in isotopic 

composition of a sample and the international standard. Permil (‰) expresses how far the 

ratio (e.g. 13C/12C) of the sample is from the standard ratio (Vienna PeeDee Belemnite). The 

following equation portrays this: 

 

δ13C = ((13C/12Csample-
13C/12Cstandard)/

13C/12Cstandard) x1000‰ 

 

100µg of freeze-dried RBCs were analysed in tin capsules to determine the bulk carbon and 

nitrogen isotopic compositions. Nitrogen was measured as a potential confounder due to it 

contributing to δ13C measurements from dietary protein sources such as fish and marine 

mammals (Hedrick, 2012; Nash, 2012; Nash, 2013). Determination of the SIRs were achieved 

via combustion in a NA 1500 Elemental Analyser (CE Instruments, Milan), and measurement 

of the resulting N2 and CO2 gases made by a Thermo Finnigan Delta Advantage Isotopic 

Ratio Mass Spectrometer (EA-IRMS) at the Isotrace lab facility in Dunedin, New Zealand.  
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EDTA was used as the laboratory control material. The instrument precision for Carbon was 

0.2‰, based on multiple measurements of EDTA. Triplicate measurements of two reference 

materials (USGS41 and 41) were completed with each sample batch. This was then used to 

calibrate data to the international scales.  

 

4.7 Statistical analysis 

A statistical package STATA 14.2 (Stata Statistical Software: Release 14, StataCorp LP, 

College Station, Texas, United States of America) was used to conduct all statistical analyses 

of the data.  

 

4.7.1 Sample size 

This thesis involved interim analyses as it was part of an ongoing wider study in which further 

participant recruitment will occur. The feasibility and length of the study were considered to 

calculate an appropriate sample size. The recommendation is to have a sample size of at least 

50 for precision during a validation study analysis (Cade, 2002). It was calculated that 100 

participants would provide sufficient power to detect a 0.3 correlation between free sugars 

intakes estimated from a FFQ and from the δ13C ratio. A 20% drop out rate will be allowed, 

resulting in a sample size of 120 participants required for this study. The aim was to recruit an 

equal number of males and females, and an equal proportion of participants from each age 

group to achieve equal explanatory power for gender and age (Robson, 2002). Only data 

gathered up until May, 2017 was analysed in this thesis. 

 

4.7.2 Food Frequency Questionnaire 

Frequency options in the FFQ were pre-coded and double-entered into a Microsoft Office 

Excel spreadsheet. Usual intakes of total sugars, free sugars, added sugars, sucrose and SSB 

were estimated using Microsoft Excel calculations. An estimate of the average weight (g) for 
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each of total sugars, free sugars, added sugars, sucrose and SSB was multiplied by the 

reported frequency of consumption for each food item. These values were taken from the 

most current version of the New Zealand food composition tables (NZ FOODfiles 2010v2) 

(Department of Human Nutrition) to estimate daily intakes representing habitual intake over 

the past month. 

 

As sugars intake data were not normally distributed, log transformations were conducted 

(Gibson, 2005). From both administrations of the FFQ, the mean usual sugars intake and the 

95% confidence interval were calculated and reported. The mean differences in intake 

between the two FFQ administrations were calculated using a two-sided paired t-test to assess 

repeatability (Gibson, 2005). 

 

4.7.3 Correlation between dietary sugars intake and stable isotope ratios 

Correlation techniques can show whether a pair of variables are related and, if so, how strong 

the correlation is. In dietary validation studies, an r value (correlation coefficient) between 0.5 

and 0.7 is usually considered acceptable and above 0.7 is good (Willett, 1998). Typical values 

range from 0.03-0.7, with an average of 0.39 (Willett, 1998). These may imply a weak to 

modest relationship – due to the inaccuracy of self-reported dietary assessment methods, these 

may underestimate the true validity of biomarkers. As the data in this study were not normally 

distributed, Spearmans correlation coefficients were calculated to determine the strength of 

association between sugars intakes estimated by the FFQ and δ13C measurements. Spearmans 

correlations were also computed to assess the strength of association between sugars intakes 

estimated by the first and second administration of the FFQ. A value of 1 indicates perfect 

positive correlation, 0 indicates no correlation, and -1 indicates perfect inverse correlation. 

These correlations do not, however, indicate the strength of agreement between the two 

measures (Giavarina, 2015). 
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4.7.4 Multiple regression analysis 

Linear regression models were used to determine whether the dual isotope model (Model 2: 

including both δ13C and δ15N) was a better predictor of sugars intake than an individual 

isotope model (Model 1: δ13C alone). Model 3 includes an adjustment for age, sex and body 

fat percentage. In this analysis, the dietary sugars intakes were the dependent variables and 

the stable isotope ratios were the independent variables. The coefficient of determination (R2) 

was calculated to estimate the amount of variance in dietary sugars intake that can be 

explained by the stable isotope ratios. The β-coefficient and 95% confidence intervals for 

these models were also reported to estimate the strength of association between dietary sugars 

intake and stable isotope ratios. This method was based on that conducted in Nash (2013) 

which allowed for comparisons between these three models. 

 

4.7.5 Test-retest reliability of the Food Frequency Questionnaire 

Test-retest reliability is the strength of agreement between repeated measures taken at 

different times among the same participants. This was assessed by looking at the difference in 

mean sugar intakes (using a paired t-test) between both FFQ administrations that were taken 

at the beginning and end of the study (approximately ten weeks apart). Discrepancies between 

these two measures are usually a result of the wide variation in people’s diets over time and/or 

the FFQ characteristics; a higher reliability will be achieved if the clarity of instructions and 

questions used is good. Intraclass correlations are the usual standard for assessing reliability 

as it can account for possible variations within- and between-subjects (Kottner, 2011). A 

value of 0.5 or higher indicates an acceptable reliability (Cade, 2004). However, due to the 

time constraints of this thesis, only Spearmans correlations could be calculated. 
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4.7.6 Individual ranking 

Cross-classification of sugars intakes derived from the FFQ and δ13C measurements can 

determine whether the FFQ can rank individuals depending on their level of intake. 

Participants were categorised into three intake tertiles for each variable. The number and 

percentage of participants were calculated and classified into the correct tertile, adjacent 

tertile or grossly misclassified into the extreme tertile. 
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5 Results 

5.1 Participants 

A total of 77 male and female Dunedin residents aged 20-69 years old completed all FFQs 

and provided blood samples by May, 2017 (the cut-off for inclusion in this thesis’ analysis). 

The dropout rate for the whole study was 4%. Table 2 shows the baseline characteristics of 

the 77 included. Most of the participants were female and/or New Zealand European. The 

average age was approximately 35 years old with the majority of participants being in the 

normal weight range for BMI. These participants were relatively healthy as none had any 

major chronic illness and almost three quarters of them had never smoked in their lifetime. 

 

5.2 Correlation between dietary sugars intake and stable isotope 

ratios 

The Spearmans correlation coefficients for estimates of total sugars, free sugars, added sugars, 

sucrose and SSB intake derived from the FFQ and the predicted intakes from both the δ13C 

model alone and the dual isotope model are shown in Table 3. All correlation coefficients 

were less than 0.2 indicating little to no association between the two measures. 
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Table 2 Baseline characteristics of the study participants1 

 
  

 

Characteristic (n = 77) %2 

Sex (n)   

     Males  26 34 

     Females  

Age (years) 

51  

34.7 ± 12.1 

66 

 

Weight (kg) 71.8 ± 16.1  

Body Mass Index (kg/m2) 

Underweight (<18.5kg/m2) 

Normal (18.5-24.9kg/m2) 

Overweight (25-29.9kg/m2) 

Obese (>30kg/m2) 

Ethnicity (n) 

New Zealand European 

Māori 

Asian3 

European4 

Other5 

Smoking status (n) 

Never 

Former 

Current 

Unknown 

Systolic Blood Pressure (mmHg) 

Diastolic Blood Pressure (mmHg) 

Body fat (%) 

24.3 ± 4.6 

3 

47 

20 

7 

 

45 

4 

5 

17 

6 

 

56 

16 

4 

1 

121.5 ± 14.0 

73.7 ± 10.8 

27.1 ± 10.2 

 

4 

61 

26 

9 

 

58 

5 

6 

22 

8 

 

73 

21 

5 

1 

1 All values are mean ± SD except for sex, Body Mass Index categories (n), ethnicity and smoking status. 
2 Values are percentage of participants in that category 
3 Includes Indian, Chinese, Maldivian, Iranian, Persian. 
4 Includes French, UK, Dutch, German, Spanish, Polish, Italian, Russian, Irish, Swedish, Austrian. 
5 Includes Canadian, American, Batswana. 
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Table 3 The correlation between dietary sugars intake and stable isotope ratios (n=77) plus 
reported Spearmans correlation coefficients 

 

Nutrient 

Spearman’s correlation for FFQ vs 

predicted intake from Model 2 

Spearman’s correlation 

coefficient for FFQ vs Carbon 

Total sugars -0.00 -0.01 

Free sugars 0.15 0.06 

Added sugars 0.18 0.07 

Sucrose 0.06 0.00 

Sugar-Sweetened Beverages 0.07 0.05 

 

5.3 Multiple regression analysis 

Table 4 compares 3 models to predict total sugars, free sugars, added sugars, sucrose and 

SSB intake. Model 1 is based on δ13C alone and how it correlates with sugars intake. Model 2 

is based on δ13C and δ15N to account for the contribution of δ13C from dietary protein sources 

such as fish and marine mammals (Hedrick, 2012; Nash, 2012; Nash, 2013). Model 3 is 

similar to Model 2 with the addition of the adjustment for age, sex and body fat percentage. 

The amount of variance explained and the β-coefficient for δ13C was not significantly 

different with the addition of δ15N as a covariate. The amount of variance explained by these 

models (R2) were small; 0.04% of the variance in total sugars intakes was explained by model 

1 (δ13C alone) compared to 4% of the variance explained in model 3. These values were 

similar for free sugars, added sugars, sucrose and SSB per 1‰ change in the carbon isotope 

ratio. Figures 2 to 6 show the relationship between the reported sugars intakes and the 

predicted values from a regression model based on δ13C and δ15N. The absence of any clear 

visual trend illustrates the fact that there was no association found. 
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Table 4 Multiple regression analyses comparing prediction of dietary sugars intake from individual and combined isotopic measures (n=77)1 2 

R2 = Coefficient of determination 

CI = Confidence Interval 
1 For all models, the stable isotope ratios were the independent variables and sugars intakes were the dependent variables 
2 Coefficients were back-transformed to give the ratio of geometric means 
3 Model was adjusted for age, sex and body fat percentage 

 

 

 

 

 

Total sugars (g/d) Free sugars (g/d) Added sugars (g/d) Sucrose (g/d) 

Sugar-Sweetened 

Beverages 

 

Model 

 

Isotope 

ratio, ‰ 

 

β 

 

95% CI 

 

R2 

 

β 

 

95% CI 

 

R2 

 

β 

 

95% CI 

 

R2 

 

β 

 

95% CI 

 

R2 

 

β 

 

95% CI 

 

R2 

1 δ13C 1.03 0.71, 1.49 0.00 1.23 0.82, 1.85 0.01 1.19 0.78, 1.83 0.01 1.06 0.73, 1.53 0.00 1.41 0.75, 2.68 0.02 

2 δ13C 1.02 0.68, 1.53 0.00 1.12 0.72, 1.75 0.03 1.07 0.68, 1.69 0.03 1.02 0.69, 1.53 0.00 1.47 0.73, 2.94 0.02 

 δ15N 1.02 0.75, 1.39  1.20 0.85, 1.69  1.25 0.87, 1.78  1.07 0.78, 1.46  0.93 0.54, 1.59  

33 δ13C 

δ15N 

1.14 

0.96 

0.74, 1.77 

0.69, 1.33 

0.04 

 

1.25 

1.14 

0.77, 2.02 

0.79, 1.64 

0.06 1.15 

1.19 

0.69, 1.90 

0.81, 1.73 

0.05 1.11 

0.99 

0.72, 1.72 

0.72, 1.38 

0.04 1.36 

1.04 

0.64, 2.91 

0.59, 1.84 

0.05 
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Figure 2 Associations between reported total sugar intake and predicted total sugar 
intake. Predicted total sugar intake was calculated using the formula ln (predicted 
total sugars) = 13.1 + 0.33 (13C) - 0.23 (15N). This was based on Model 2 (Table 4). 

 

 

Figure 3 Associations between reported free sugars intake and predicted free sugars intake. 
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Figure 4 Associations between reported added sugars intake and predicted added sugars 
intake. 

 

 

Figure 5 Associations between reported sucrose intake and predicted sucrose intake. 
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Figure 6 Associations between reported SSB intake and predicted SSB intake. 

 

5.4 Test-retest reliability of the Food Frequency Questionnaire 

The mean daily intake of sugars estimated by both administrations of the FFQ are shown in 

Table 5. The mean difference of sugars intakes between the first and second administration of 

the FFQ was quite small ranging, on average, from 0-3g. The standard deviations were wide 

due to high variation. The Spearmans correlation coefficients for total sugars, free sugars, 

added sugars, sucrose and SSB ranged from 0.39-0.53, indicating a weak to moderate 

agreement. There was a strong correlation between the first and second measurement of 

carbon indicating a higher repeatability than that of the FFQ. 

 



 

 

Table 5 Mean and confidence interval (CI) for daily intake of sugars among participants (n=77) as measured by the food frequency questionnaires 1 

 

Nutrient Total Sugars Free Sugars Added Sugars Sucrose 

Sugar-sweetened 

beverages Carbon 

FFQ1       

Mean 85.3 44.5 39.3 43.4 10.6 -23.4 

CI 74.4, 96.2 37.3, 51.6 33.2, 45.5 36.9, 50.0 6.2, 15.0 -23.5, -23.3 

FFQ2       

Mean 85.8 41.7 37.5 42.5 8.8 -23.5 

CI 75.0, 96.6 35.2, 48.3 31.5, 43.6 36.7, 48.2 6.3, 11.3 -23.6, -23.4 

Mean difference2 -0.5 (48.9) * 2.7 (31.2) * 1.8 (26.7) * 1.0 (30.0) * 1.8 (23.0) * 0.1 (0.2) * 

CI -12.2, 11.2 -4.7, 10.2 -4.6, 8.1 -6.2, 8.1 -2.4, 6.1 -0.0, 0.1 

Spearman Correlation Coefficient 0.50 0.53 0.53 0.45 0.39 0.84 

*P < 0.05 

CI = 95% Confidence Interval 

FFQ1 = first administration of the food frequency questionnaire; FFQ2 = second administration of the food frequency questionnaire 
1 Values are mean difference (SD) and are rounded to 1 decimal place 
2 Mean difference between FFQ1 and FFQ2 using a two-sided paired t-test 

 

 

 



 

 

5.5 Individual ranking 

The percentage of participants who were ranked into the correct, adjacent or extreme tertile 

for sugars intakes estimated by the FFQ and δ13C values are shown in Table 6. 

Approximately half of the participants were classified into the adjacent tertile for each of total 

sugars, free sugars, added sugars, sucrose and SSBs. Classification into the same tertile by the 

FFQ and δ13C measurements was relatively low, ranging from 18.7% for added sugars to 

34.7% for SSBs. 

 

Table 6 Cross-classification of participants (n=77) by tertiles of sugars intake between the 
FFQ and δ13C values 

 

Nutrient 

 

Same tertile (%)1 

 

Adjacent tertile (%)2 

 

Extreme tertile (%)3 

Total sugars 24 (32.0%) 35 (46.7%) 16 (21.3%) 

Free sugars 18 (24.0%) 43 (57.3%) 14 (18.7%) 

Added Sugars 14 (18.7%) 43 (57.3%) 18 (24.0%) 

Sucrose 22 (29.3%) 37 (49.3%) 16 (21.3%) 

Sugar-Sweetened Beverages 26 (34.7%) 33 (44.0%) 16 (21.3%) 

1 Number (%) of participants classified into the same tertile of sugar intake 
2 Number (%) of participants classified into the adjacent tertile of sugar intake 
3 Number (%) of participants grossly misclassified into the extreme quartile of sugar intake 
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6 Discussion 

The aim of this study was to examine the association between sugars intakes estimated by a 

FFQ and δ13C biomarker in RBCs. It was thought that free sugars intake estimated by δ13C 

measurements in RBCs would positively correlate with free sugars intake estimated by the 

FFQ. The results of this study, however, did not support this notion. No significant correlation 

was observed between the FFQ and biomarker when estimating total sugars, free sugars, 

added sugars, sucrose and SSBs intakes. 

 

There was virtually no correlation found between dietary sugars intake and stable isotope 

ratios. Spearmans correlation coefficient values were all below 0.2, indicating a weak 

relationship (if any). Values above 0.7 are ideal as they indicate a good, strong relationship 

(Willett, 1998). Modest associations (i.e. R2 values between 0.2 and 0.5) are typical of 

validation studies which may be, in part, due to the reliance on self-reported dietary 

assessment methods as the reference method which may underestimate true sugars intakes 

(Davy, 2016). Previous validation studies have shown more significant correlations than the 

one observed in this study (Willett, 1985; McKeown, 2001; Marks, 2006; Francis, 2013). For 

example, Francis (2013) conducted a validation study of an FFQ estimating dietary fats and 

free sugars using an estimated 4-day diet record as the reference method; Spearmans 

correlation coefficients ranged from 0.22 to 0.37 (Francis, 2013). The weak correlation 

observed in this study may be due to no prior validation of the FFQ in the target population. 

The list of foods in our FFQ may not have included important sources of dietary sugars that 

reflect the pattern of consumption of the target population. 

 

The application of a dual isotope model (Models 2 and 3) was hypothesised to explain a 

greater proportion of the variability in sugars intake than a single isotope model (Model 1). 

Using δ15N as a covariate controls for fish and marine mammal intake as these foods also 
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contribute to δ13C measurements (Jahren, 2006; Cook, 2010; Yeung, 2010; Davy, 2011; Nash, 

2013). Contrary to this study’s hypothesis, no additional variance was explained by Model 2 

when compared to Model 1 even after adjusting for age, sex and body fat percentage. This is 

similar to another study in which the dual isotope model was only shown to minimally change 

the single isotope model’s ability to predict SSB or added sugars intakes; the R2 value only 

increased by 0.01 (Hedrick, 2015b). A study conducted by Fakhouri (2014) showed results 

that aligned with these as well. A decrease of 365ml per day of SSB was associated with a 

0.17‰ reduction in serum δ13C measurements over an 18-month period. After adjustment for 

animal protein intake, there were no significant differences in the relation between SSB intake 

and δ13C (Fakhouri, 2014). However, both studies mentioned have a cross-sectional design 

meaning that causation cannot be determined. One study that did support this hypothesis was 

Nash (2013). They found that using δ15N as a covariate markedly increased the amount of 

variance explained (more than three times as much variation) and increased the δ13C β-

coefficient in a Yup’ik population. The absence of any significant associations in this study 

may be due to the small sample size analysed which may not have provided adequate power 

to produce such results. 

 

Test-retest reliability of the carbon isotope was excellent with a Spearmans correlation 

coefficient of 0.84. Good repeatability of the isotopes gives us confidence in the laboratory 

techniques and procedures used. The FFQ, however, did not perform as well producing 

correlation coefficients between 0.45 and 0.53. Previous validation studies have shown higher 

correlation coefficients for sucrose (Willett, 1985; Munger, 1992) even though the first and 

second administration of the FFQ were taken about five months to one year apart. 

Correlations are usually higher when administrations are taken one month or less apart 

(Gibson, 2005). The mean differences between the first and second FFQ administration are 

significant with the second administration consistently showing lower intakes of free sugars, 
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added sugars and sucrose (estimated total sugars intake was higher in the second 

administration). This has been the case in previous studies also (Teufl, 2013; Walter, 2013). 

An ‘intervention effect’ may have been the cause of this. This is when participants change 

their habitual intake in between administrations due to increased awareness of their 

consumption of sugary food and beverages (Willett, 1998; Gibson, 2005). This increased 

awareness may have led to the decreased consumption of high sugar food and beverages, 

producing lower estimates in the second administration of the FFQ. This can partly be seen by 

the reduction in SSB consumption by participants in the second FFQ. Alternatively, 

significant differences may have been observed purely because the first FFQ measured a 

period of time in which there was a high intake of sugar-containing food and beverages; 

perhaps due to higher attendance of social events. Based on these test-retest reliability results, 

the biomarker seems to have greater consistency in estimating sugars intakes than the FFQ. 

 

FFQs are not designed to quantify individuals’ intakes of different nutrients but instead rank 

them according to their level of dietary intake. Past research has indicated that for an FFQ to 

be valid, more than 50% of participants should be correctly classified into the same tertile and 

the percentage of misclassified participants should be no more than 10% (Masson, 2003). 

Cross-classification analyses can identify the relative validity of an instrument to accurately 

rank individuals by their level of consumption. The proportion of participants classified into 

the same tertile by the test (FFQ) and reference method (δ13C in RBCs) in this study were 

between 18% to 35%. This indicates that the FFQ was unable to differentiate between those 

with higher sugars intake compared to those with lower sugars intakes. Previous published 

validation studies showed better performance of the FFQ with regard to ranking individuals 

(Brunner, 2001; McKeown, 2001; Marks, 2006; Bingham, 2007). This may be due to there 

being no previous validation of this FFQ in the target population prior to this study. Some 

sources of sugars may not have been accounted for or the design of the questionnaire may not 
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have been comprehensible enough for the participants. This may have produced inaccurate 

estimates of sugars intakes. 

 

6.1 Strengths and limitations 

FFQs are a practical and convenient tool to utilise in large population studies to estimate 

habitual sugar intakes as they are cost-effective, time-efficient and easily administered 

(Gibson, 2005). FFQs are superior to diet records in some ways as they have lower 

respondent burdens and require less time to complete. The online FFQ used in this study 

estimated free sugars intakes from the previous month. This short timeframe makes it 

cognitively easier for participants to recall intakes and may, in turn, provide more accurate 

estimates than those captured by FFQs assessing dietary intakes over longer time periods 

(Willett, 1998). Photos were also provided with the online FFQs to assist participants in 

estimating portion sizes. This is a strength as it is widely known that laypeople struggle to 

accurately identify typical serving sizes and therefore may under- or over-report (Gibson, 

2005). FFQ data are likely to represent usual sugar intakes throughout the year as sugar 

consumption tends to remain constant, thus the FFQ in this study should have been a reliable 

tool to estimate sugars intakes. 

 

The use of the δ13C biomarker offers many advantages over using self-reported dietary 

assessment methods. As discussed previously, this is an objective method to estimate free 

sugars intakes in large population studies and is not dependent on subjects’ responses. Akin to 

FFQs, δ13C in RBCs are quick and easy to obtain and can be cost-effective. Although we are 

only interested in the measurement of δ13C to obtain free sugars intakes estimates, these δ13C 

levels in tissues are also influenced by animal protein intake (Hedrick, 2012; Nash, 2013). In 

this study, we measured δ15N to function as a correction factor as it is has been shown to 

correlate strongly with animal protein intake but is not affected by sugars intake. Including 
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δ15N in our statistical model (i.e. the dual isotope model) was a strategy for clarifying the 

relationship between sugars intake and δ13C. We also adjusted for confounders such as age, 

sex and body fat percentage and expressed this in model 3 (Table 4) as these have been 

shown to confound the relationship between dietary assessment methods and their ability to 

estimate sugars intakes (Pourhoseingholi, 2012). Laboratory analysis of the RBCs to obtain 

δ13C and δ15N values were done at the same time for baseline and final samples. This was to 

allow systematic procedures and to ensure that all samples were processed under the same 

conditions. Repeatability in these isotope measures were excellent which gives us confidence 

that the laboratory measures were sound. Information bias stemming from the use of 

subjective dietary assessment methods can be overcome by using objective methods such as 

δ13C values in RBCs to estimate free sugars intakes.  

 

Before application in the target population, it is crucial that FFQs are validated. This FFQ had 

been validated previously in a Maori or Pacific population (Teufl, 2013; Walter, 2013; Olney, 

2016) but not in a population similar to the one in this study. Previous amendments had been 

made to increase the suitability to a European population based on data from the ANS 08/09. 

However, this may still act as a limitation as the FFQ may not have been appropriate for 

application in this population and thus inaccurately estimated free sugars intakes. The FFQ 

was also used to validate the biomarker as opposed to the usual standard reference method of 

weighed diet records (Willett, 1998). This was due to time constraints and the potential 

heavier workload of dealing with weighed diet records compared to FFQs. The time between 

each administration of the FFQ is also important. Observed correlation coefficients for test-

retest reliability are often higher when repeat administrations are one month or less apart 

(Gibson, 2005); our two administrations were taken nine to ten weeks apart. All these factors 

may have contributed to the low correlations produced in this study. 

 



 

44 

 

Although δ13C measurements have been proposed as a solution to overcoming the subjective 

nature of self-reported dietary assessment methods, it does not come without limitations. 

Biomarkers are generally expensive (due to the complex laboratory analysis required), 

invasive, highly specific and typically estimate shorter timeframes (Hedrick, 2012). Although 

blood samples are usually quick and easy to obtain, there is the odd occasion where the nurse 

may have trouble finding an appropriate vein to obtain the sample. Research assistants also 

require training to carry out laboratory techniques which involves more time and possibly 

higher staff expenses. Analyses are completed using tiny samples (100µg of RBCs) meaning 

that contamination is a possible issue (this may affect the output values of δ13C 

measurements). However, the high repeatability of the δ13C biomarker suggests that this was 

not a problem in this study. We also did not do individual amino acid SIRs or compound-

specific isotope analysis of alanine which may increase the precision of δ13C measures. All in 

all, like self-reported dietary assessment methods, SIRs may come with their limitations as 

well. 

 

This thesis involved interim analyses in which relatively short time periods were given to 

produce results. Some statistical methods that are typically done in validation studies were not 

conducted due to time constraints. Intraclass correlations were not calculated nor were Bland 

Altman analyses conducted. Intraclass correlation coefficients are a better measure of 

agreement than Spearmans correlation coefficients, however, they do require rearrangement 

of the data to calculate and there simply was not enough time to run them. Nevertheless, there 

was no evidence of an association between the FFQ or biomarker and sugars intake estimates 

in this study so it is unlikely that these tests would have added any further value to our 

findings and these tests would be unlikely to alter the interpretation. Recruiting an appropriate 

number of people provides adequately powered results. We aimed to recruit 120 participants 

but, due to time constraints, only 77 were recruited. There may not have been enough power 
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to test significant differences in nutrient intakes or to produce significant results. Convenience 

sampling was used in this study. This method can mean that the results only represent a small 

sub-sample and not the whole of the population; some groups may be over- or under-

represented thus affecting the reliability of data gathered. The ethnicity make-up of our study 

population was not necessarily representative of the Dunedin population; 66% were female, 

22% were from European countries, there were no Pacific Islanders and only 5% were Maori 

(Table 2). Therefore, the results of this study may not be applicable to the Dunedin or wider 

New Zealand population. 

 

6.2 Future research 

These preliminary results showed no significant associations between free sugars intakes 

estimated by the FFQ and those estimated by δ13C measurements. This indicates the need for 

future research on validating both the FFQ and biomarker in a larger sample size for a longer 

duration. This will ideally provide adequate power to detect significant associations and thus 

ensure that the FFQ or biomarker is capable of accurately estimating sugar intakes. A greater 

sample size can decrease random errors occurring and minimise the effect of variation 

between individuals on nutrient intakes (Gibson, 2005). A population that is more 

representative of the New Zealand population is also needed so that results are more 

generalisable and can be used to inform public health interventions on free sugars. A 

validation study involving weighed diet records in comparison with the δ13C biomarker is 

needed as diet records are the usual standard reference method to validate another dietary tool. 

 

6.3 Conclusion 

This present study was unable to validate the use of the FFQ and δ13C biomarker to accurately 

estimate free sugars intakes or rank individuals according to their intake level. Although they 
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are both quick and easy to administer/obtain, based on this work, we cannot justify the use of 

either in large population studies to determine individuals’ intakes of free sugars. It is 

worthwhile to conduct further research on this biomarker and the ability to estimate sugars 

intakes as international evidence has suggested that it is has the potential to do so and it also 

showed great repeatability in this study. Further research is also needed to validate both the 

FFQ and biomarker against weighed diet records.  
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7 Application of research to dietetic practice 

Throughout each stage of working towards the completion of this thesis, I learnt many 

lessons; lessons that can apply to the individual, clinical and public health level of dietetics.  

 

In the initial phases of this thesis, I spent a lot of time in either a clinical setting or laboratory 

setting and worked outside of unconventional hours. Both baseline and end of study clinic 

appointments were mostly run by MDiet students, including myself. Effective communication 

is a key principle in the New Zealand Dietitians Board Registration Competency 

Requirements (New Zealand Dietitians Board, 2011) and was essential when in contact with 

participants during these scheduled appointments. Having ongoing interaction with these 

individuals allowed for improvements in my communication skills and provided 

indispensable experience that cannot be taught in a classroom. I was able to get a feel of the 

approaches that different people require when undergoing nutrition counselling. For example, 

some participants needed a lot of explanation to understand how to fill out the FFQs or diet 

records while others did not need in-depth explanations. Working with study volunteers was a 

unique experience and I had the opportunity to witness first-hand the challenges that people 

face when trying to adhere to a study’s procedures. In this case, the completion of FFQs and 

weighed diet records was the challenge. At the final appointments, many individuals 

expressed their frustrations of completing these dietary assessment methods and their 

diminishing amount of interest and motivation to do so. Some even completed only parts of 

the methods or did not report truthfully because of this. Consequently, the lack of faith and 

confidence that we had as researchers in participants to accurately complete these occurred. 

This was because we were unsure whether the participants’ reports of their dietary intakes 

were accurate and if it would therefore bias our results. This provides insight on the 

limitations of such self-reported, subjective methods and that they are not perfect measures. 

There were also many issues with the analysis of these diet records and entering them into the 
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KaiCulator system. The food items that were chosen to match those recorded by participants 

were largely reliant on the interpretation of the researcher entering them. This sheds a light on 

the errors that may arise during the analysis of dietary assessment methods and the 

inconsistencies that may occur with data entry. The consequence of this is that it is hard to 

determine exactly what people are eating and whether the products and brands chosen were 

actually the ones that the participants consumed. All these things provided myself with 

learnings that can be applied to future practice. 

 

The aim of this study was to examine the association between sugars intake estimated by a 

FFQ and δ13C biomarker. There were no significant results observed in this study. This means 

that ongoing research is needed to find an appropriate, efficient tool that will estimate free 

sugars intakes in large population studies to allow further research into the establishment of 

the link between sugars intakes and health. Evidence on this link can provide a good basis to 

create public health interventions or programmes that aim to reduce sugars intakes. The build-

up of evidence in this area can also provide evidence-based nutritional recommendations that 

dietitians can promote with confidence to inform the public of the true associations. It is the 

dietitian’s role to provide safe evidence and ensure that the public are not taking in misleading 

or incorrect information from non-credible sources. 
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Estimating how much sugar New Zealanders are eating is difficult. Asking 
people to tell us how much sugar they have eaten is not very accurate 
because it is easy to forget about snack foods, which are often high in 
sugar.  
 
Therefore we are conducting a study to see whether we can accurately 
measure sugars intake using blood and hair samples.  

 

We are looking for healthy volunteers for our study aged 18 
years and over. 
 

In this 10-week study, we will ask you to complete a diet record for 7 days. 
We will need to take two blood and hair samples (~20 hairs) and we will 
measure your height and weight during the study. 

 

Your participation would be greatly appreciated and you will be 
compensated for your time and inconvenience with a $100 grocery 
voucher. 

 

 

 

 

 
 

 

This study has been approved by the University of Otago Ethics 
Committee. 

 

For more information please 
contact: 

 

Devonia Kruimer 

Department of Human Nutrition 

University of Otago 

 

 

021 0870 5925 

sims@otago.ac.nz 
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Appendix B 

 

Participant Information Sheet  

Study title: The Sugars Intake Measurement Study 

Principal 

investigator: 

Dr Lisa Te Morenga 

Department of Human Nutrition 

Senior Research Fellow 

Contact phone number: 

+64 3 479 3978 

 

Introduction 

Thank you for showing an interest in this project.  Please read this information sheet carefully. Take 

time to consider and, if you wish, talk with relatives or friends, before deciding whether or not to 

participate.  

If you decide to participate we thank you.  If you decide not to take part there will be no 

disadvantage to you and we thank you for considering our request.   

 

What is the aim of this research project? 

Estimating how much sugar New Zealanders are eating is difficult. Asking people to tell us how much 

sugar they have eaten is not very accurate because it is easy to forget about snack foods, which are 

often high in sugar. Therefore we are conducting a study to see whether we can accurately measure 

sugars intakes using blood and hair samples.  

If this proves to be a good way to measure how much sugar a person eats then we will be able to 

estimate how much sugar participants in the Dunedin Study eat, as well as in other population 

studies in New Zealand. This will enable us to investigate how sugar intakes are related to risk of 

diseases (such as heart disease and diabetes) and oral health over time. 
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 Who is funding this project? 

The project is funded by the Health Research Council New Zealand – Feasibility Study Grant. The 

Health Research Council is responsible for managing Government’s investment in health research in 

New Zealand. 

 

Who are we seeking to participate in the project? 

We are seeking 120 participants (60 males and 60 females) over 18 years from the Dunedin 

population, who do not have any major illness. 

 

If you participate, what will you be asked to do? 

We will collect dietary information and blood and hair samples from you over 10 weeks. You will 

need to come to our Human Nutrition Clinic twice – once at the start of the study and once at the 

end. At the first visit you will be asked some general information about your health and exercise 

levels. We will measure your height, weight and blood pressure and a research nurse will take a small 

blood sample (5 ml). We will also take a hair sample (20 hairs from 1 mm above the follicle; near the 

scalp). You will be asked to fill in a general food frequency questionnaire asking about the foods you 

usually eat. We will give you instructions for collecting a weighed diet record, on one day each week 

for 7 the next weeks.  

In week 4 and 7 you will be asked to complete an additional food frequency questionnaire asking 

about your intake of sugars over the previous month. This will be an electronic questionnaire that we 

will send to you by email link each time. 

At the end of the study we will collect another blood sample, hair sample, measure your weight and 

ask you to complete a final general food frequency questionnaire. When you have completed and 

returned all of the diet records you will receive a $100 grocery voucher to reimburse for expenses for 

the cost of participating. 

 

Is there any risk of discomfort or harm from participation? 

During the study, you will be asked to provide 5 ml blood samples requiring a venepuncture in 

the lower arm. This is associated with short-term pain and slight bruising may occur from this 

procedure. If bruising does occur it should disappear after a few days. An experienced, 

registered nurse will draw the blood samples to minimise the risk of discomfort. 

 

What specimens, data or information will be collected, and how will 

they be used?  
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We will collect details such as height, weight, and blood pressure on two occasions. At the first visit 

you will be asked to provide some basic information about your age, ethnic group, lifestyle and diet. A 

registered nurse will take blood samples on each visit. On the first and last visits a hair sample and a 

blood sample will be taken together with a food frequency questionnaire. 

We will compare our estimates of sugars from your blood, and hair with the amount of sugar you 

consumed based on the information in your diet records and the food frequency questionnaires to 

estimate how reliable and accurate our new sugars biomarker is.  

You are most welcome to request a copy of the results of the project. 

What about anonymity and confidentiality? 

A unique code will be assigned to you to preserve your confidentiality and anonymity. The data 

collected will be securely stored in such a way that only those mentioned below will be able to gain 

access to it. At the end of the project any personal information will be destroyed immediately, except 

that, as required by the University’s research policy, any raw data on which the results of the project 

depend will be retained in secure storage for ten years, after which it will be destroyed. 

 

If you agree to participate, can you withdraw later? 

You may withdraw from participation in the project at any time and without any disadvantage to 

yourself.  

 

Any questions? 

If you have any questions now or in the future, please feel free to contact either: 

Name Devonia Kruimer 

Position PhD Candidate  

Department Human Nutrition 

Contact details: 

devonia.kruimer@otago.ac.nz 

+64 3 479 7948 

Name Dr Lisa Te Morenga 

Position Senior Research Fellow 

Department Human Nutrition 

Contact details: 

lisa.temorenga@otago.ac.nz  

+64 3 479 3978 

This study has been approved by the University of Otago Human Ethics Committee (Heatlh; H16/122). 

If you have any concerns about the ethical conduct of the research you may contact the Committee 

through the Human Ethics Committee Administrator (phone +64 3 479 8256 or email 

gary.witte@otago.ac.nz). Any issues you raise will be treated in confidence and investigated and you 

will be informed of the outcome. 

  

mailto:devonia.kruimer@otago.ac.nz
mailto:lisa.temorenga@otago.ac.nz
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Appendix E 

 

The Sugars Intake Measurement Study 

Principal Investigator: Dr Lisa Te Morenga 
Department of Human Nutrition 
Phone Number: +64 3 479 3978 

E-mail: lisa.temorenga@otago.ac.nz 

CONSENT FORM FOR PARTICIPANTS 

Following signature and return to the research team this form will be stored in a secure place for ten years. 

Name of participant………………………………………….. 

1. I have read the Information Sheet concerning this study and understand the aims of this research 

project. 

2. I have had sufficient time to talk with other people of my choice about participating in the study.   

3. I confirm that I meet the criteria for participation which are explained in the Information Sheet. 

4. All my questions about the project have been answered to my satisfaction, and I understand that I 

am free to request further information at any stage.  

5. I know that my participation in the project is entirely voluntary, and that I am free to withdraw 

from the project at any time without disadvantage. 

6. I know that as a participant I will complete questionnaires about my food intake, fill in a 7-day diet 

record and undergo anthropometrical measurements. I understand that two blood samples and 

two hair samples will be collected. 

7. I know that the study will explore the feasibility of different methods measuring sugars intakes 

and that if the line of questioning develops in such a way that I feel hesitant or uncomfortable I 

may decline to answer any particular question(s), and may withdraw from the project without 

disadvantage of any kind. 

8. I understand the nature and size of the risks of discomfort or harm which are explained in the 

Information Sheet. 

9. I know that when the project is completed all personal identifying information will be removed 

from the paper records and electronic files which represent the data from the project, and that 

these will be placed in secure storage and kept for at least ten years.  

10. I understand that the results of the project may be published and be available in the University of 

Otago Library, but that I agree that any personal identifying information will remain confidential 

between myself and the researchers during the study, and will not appear in any spoken or 

written report of the study.  
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11. I know that there is no remuneration offered for this study, and that no commercial use will be 

made of the data.  

12. I understand that the blood and hair samples will be analysed by the study investigators as part of 

this study, and destroyed after all the results of this study has been published.  

13. I understand that my samples will be disposed with opportunity to ask for karakia. 

 

Signature of participant:  Date: 

   

 

 

  

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

H16/122). If you have any concerns about the ethical conduct of the research you may contact the Committee 

through the Human Ethics Committee Administrator (ph 03 479 8256). Any issues you raise will be treated in 

confidence and investigated and you will be informed of the outcome. 
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Appendix F 

ID ________________ 

Sugars Intake Measurement Study 

 

DATE:_____________ 

 

Personal Details  

Name:  

Contact phone numbers: Day:___________________     Evening:__________________ 

Mobile:___________________ 

Indicate with * the best number for contact purposes 

Email  

Date of birth:  
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Ethnicity: Which ethnic group do you belong to? Mark the group or 

groups that apply to you: 

 New Zealand European 

 Maori  Iwi:_____________  Hapu:_____________ 

 Samoan 

 Cook Island Maori 

 Tongan 

 Niuean 

 Chinese 

 Indian 

 Other (such as DUTCH, JAPANESE, TOKELAUAN). Please 

state: _________________________________________ 

 

Medical History 

Medical History  
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Medications 

Treatment: 

Cholesterol lowering 

e.g. statins 

(simvastatin) 

Blood pressure 

lowering 

e.g. ACE inhibitors 

Blood sugar regulating 

e.g. metformin 

Anti-inflammatories 

e.g. voltarin 

Pain relief 

e.g. paracetamol 

Antidepressant 

e.g. citalopram 

Gout 

e.g. allopurinol 

Multivitamins 

Oral contraceptives 

Other 

 

 

 

 

 

 

 

 

Please include any health supplements and contraceptives you 

may take. 

Name of Medication(s): 
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Weight loss Recent weight loss   YES / NO 

Recent weight loss programme YES / NO 

Menstrual status Please circle:     Peri-menopausal 

Pre-menopausal    Post-menopausal 

Hysterectomy               Ovariectomy 

Smoking history  Never smoked  

 Former smoker  

 Current smoker  

 

Cultural Issues: 

 

Would you like your blood samples to be disposed of in a 

culturally sensitive manner? E.g. with a karakia 

 

Are there any other issues you would like the researchers 

to be aware of? E.g. participation in Ramadan 
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Appendix G 

Sugars Intake Measurement Study 

Screening 

Anthropometry  

Height (cm) 1. 2. 3. 

Weight (kg) 1. 2. 3. 

BMI (kg/m2) 1. 2. 3. 

Body Fat (%) 1. 2. 3. 

Waist Circumference (cm) 1. 2. 3. 

 

Blood Pressure  
Systolic Blood Pressure 

(mmHg)1    

Diastolic Blood Pressure 

(mmHg)1    

 

 

Checklist 
 Consent form 

 Personal details/demographic questionnaire 

 Short FFQ 

 Anthropometry 

 Blood Pressure 

 Blood sample 

 Hair sample 

 Schedule new meeting and collection dates 

 7-day diet record 

o Instruction manual 

o Diet Record Sheets 

o Scales 

o Signing Scale form 

 

 

 

  

                                                 
1 Average of triplicate 

Notes: 

…………………………………………

…………………………………………

…………………………………………

…………………………………………

…………………………………………

…………………………………………

…………………………………………

………………………………………… 

ID: …………….. 

Date: …………….. 
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Appendix H 

Sugars Intake Measurement Study 

End of study 

 

Anthropometry  

 

Height (cm) 1. 2. 3. 

Weight (kg) 1. 2. 3. 

BMI (kg/m2) 1. 2. 3. 

Body Fat (%) 1. 2. 3. 

 

Blood Pressure  
 

Systolic Blood Pressure 

(mmHg)2    

Diastolic Blood Pressure 

(mmHg)1    

 

 

Checklist 
 

 Short FFQ 

 Anthropometry 

 Blood Pressure 

 Blood sample 

 Hair sample 

 

 

 

                                                 
2 Average of triplicate 

Notes: 

…………………………………………

…………………………………………

…………………………………………

…………………………………………

…………………………………………

…………………………………………

…………………………………………

………………………………………… 

ID: …………….. 

Date: …………….. 


