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Welcome to the HNRC 20th Anniversary Symposium 

The Human Nutrition Research Centre (HNRC) was established in 1994 as a multi-
disciplinary, cross-faculty research centre. The remit was to undertake research into the links 
between nutrition and health and, in particular, on interventions which could reduce the risk 
of common non-communicable diseases and so improve  public health. 

This continues to be our aim and over the past 20 years the number of staff in the HNRC has 
increased several fold. We have expanded our research approaches to take advantage of 
emerging technologies such as those in nutrigenomics and have major interests in 
interactions between diet and the genome. 

Innovative methodology is a major building block for all research. We have undertaken
research on new tools for the measurement of dietary intake which are appropriate for             
different population groups from the youngest young to the oldest old. 

HNRC staff play a significant role in nutrition research and policy development at national 
and international levels. We currently have more than 100 staff and student members. 

In 2008, we were re-designated as a University Research Centre. 

 

Staff and students at the HNRC Annual Research Day, October 2013. 
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Molecular Nutrition 

Dianne Ford

Molecular nutrition encompasses the study of how food, or its molecular components, interact with and affect the functions of 
cells and tissues at the molecular level, including the influence of genetic variation. 
Specialists in this theme have the toolkit and expertise to delve into important topics in human nutrition to provide an 
understanding at the most fundamental level of how diet can have an impact on human health. We apply state-of-the-art 
techniques to a broad spectrum of research, and collaborate within Newcastle University to augment areas of renowned 
strength, such as ageing, and also across the UK and worldwide.
Early topics of focus in the area of molecular nutrition in HNRC feed into current research. For example butyrate, derived 
from the fermentation of dietary starch, has been a long-standing focus. Early work was concerned with effects of butyrate 
on colorectal cancer (Mathers). Butyrate has direct epigenetic actions, thus there is a pathway from this earlier work to a 
much broader body of current research on epigenetic effects of diet, an important mechanism through which the diet can 
influence cell function and health. Current activity in this area includes research on folate, also a focus for HNRC research 
activity from the early days. Recent work on dietary folate has revealed effects on DNA methylation of maternal intake 
transmitted to the offspring, and effects to alter susceptibility to detrimental effects of a high fat post-weaning diet (McKay, 
Ford, Mathers). Other epigenetic actions of diet we study include effects on DNA methylation of dietary restriction, partly 
within the Newcastle University CISBAN imitative (Mathers) and also focused specifically on actions of SIRT1 (Ford). A 
perspective on epigenetic impacts of diet on health at the population level was introduced through work linking genotype, 
nutritional status and DNA methylation using a large cohort of human mothers and offspring, and research in this area 
of epigenetic epidemiology flourishes (Relton).  Colorectal cancer remains an important topic of research activity. As the 
enabling tools and technologies became available, impacts of genetic differences in cell signalling pathways with key roles 
in cancer development, such as WNT (Mathers), and in DNA repair processes (Hesketh, Mathers), were uncovered. Work 
on micronutrients additional to folate has also flourished. Zinc has been a longstanding focus, and discoveries in this area 
include new zinc transporters and their regulation (Ford, Valentine), with links to Alzheimer’s disease (Valentine). Research 
on the micronutrient selenium is another strength (Hesketh), and has revealed effects of genetic variation on the function 
of selenoproteins and different responses to supplementation. Recent work includes molecular epidemiological studies on 
how selenium intake combined with genotype affects risk of diseases such as cancer and cardiovascular disease. HNRC 
research has also uncovered influences of genotype on Vitamin A metabolism, supported by in vitro data on enzyme kinetics 
(Leitz). Our research also covers non-nutrient bioactive components of the diet, and modifying effects of inter-individual 
genetic variation. For example, work on the soyabean isoflavones has uncovered effects of genotype on metabolism and 
also effects on adipose tissue metabolic activity (Ford).

A holistic understanding of the complex network of interactions between diet, inter-individual variability and health requires 
sophisticated analytical technologies and the capacity to interpret and represent complex data sets. We use metabolomics 
to measure how individuals differ in how they process and respond to foods. Work with collaborators in Aberystwyth (Draper) 
has uncovered characteristic profiles of urinary metabolites that link to specific patterns of dietary exposure (Mathers). Thus, 
metabolomics may provide the basis of robust measurements of dietary intake in human nutrition studies and thus overcome 
the limitations of relying on self-reported food intake. Genomic technologists underpin much of our research, and collabora-
tions with bioinformaticians and systems biologists (for example though CISBAN, Shanley) provide the capacity to interpret, 
interrogate and maximise the value of these large data sets.

As HNRC moves into its third decade, there are exciting opportunities ahead. As “omic” technologies become more ad-
vanced and affordable we will take the opportunity to delve deeper into how genetic makeup makes our individual responses 
to nutrition different. A more integrated perspective on this question is already been realised by HNRC-led research within 
the EU-funded Food4Me project, which is exploring if personalising dietary advice based on genotypic and phenotypic 
profiles improves compliance with dietary recommendations. As new genomes are sequenced and annotated, and as tools 
to make targeted genetic changes in different organisms become more usable, there are opportunities to use new tractable 
and informative model organisms in molecular nutrition research. Achieving public understanding of nutrition research, par-
ticularly in the molecular arena, is challenging but important. HNRC engagement activities will continue to raise awareness 
and improve public understanding of our work with the aim of the knowledge we uncover leading eventually to improved 

health through better diet. 



Public Health Nutrition
Ashley Adamson

Strong foundations in public health nutrition were laid by Rugg-Gunn in establishing the Ashington cross-sectional studies 
as important cross-sectional and longitudinal studies. Twenty years on Public Health Nutrition in the HNRC continues the 
traditions in nutrition epidemiology but now also includes strong research strands in complex interventions and underpin-
ning methodology. Our vision is to improve our understanding of the drivers of food choice and explore how these can be 
influenced to enhanced health and well-being across the life course.  

The value of early work Ashington studies was further enhanced through follow-up of the 1980 cohort at 32–33 years 
(Mathers, Rugg-Gunn and Adamson) and follow up of the 2000 cohort at 17 years (Adamson and Mathers). These studies 
highlighted the importance of childhood lifestyle factors as antecedents of obesity risk in adulthood. 
The Ashington survey was revisited in 2010 and extended to include primary schoolchildren in Newcastle. These data 
provided a unique opportunity to measure the impact of introduction of school food policy in England in 2007–2009 this 
showed that significant improvement in total diet for children aged 4–7 years who had school lunches while for 11-12 year 
olds although school lunches improved, there was limited evidence of effect on total diet. 

In 2006 a new longitudinal study, the Gateshead Millennium Study (GMS) (http://research.ncl.ac.uk/gms/) has followed 1029 
children born to Gateshead mothers in 1999/2000. This year we will revisit the cohort aged 15-16yrs as they prepare to 
leave school or continue their education. The GMS ‘children’ have proved a rich data source and has led to further studies 
to understand the origins of obesity and seek solutions as will be elucidated in the presentation by Basterfield and Jones. 
In other work we undertake mixed methods research that addresses concerns around nutrition and oral health, such as 
evidence synthesis on sugars and dental caries that informed the recent WHO guidelines and research exploring factors 
influencing childhood dental erosion (Moynihan). While at the other end of life’s spectrum research links between food intake 
(measured using an adapted 24-hour multiple pass method) (Mather, Adamson and Foster) and health-related outcomes in 
the oldest old as part of the Newcastle 85+ study are also being investigated. 

Work in developing interventions began in 1997 with the Family Food and Health study and continues today, to give only a 
few examples: based on extensive systematic reviews, we have developed and are piloting lifestyle-based interventions, de-
livered via the Internet, to enhance healthy ageing (The LiveWell Programme: http://research.ncl.ac.uk/livewell/); MapMe is 
a cluster RCT of tools to improve parental recognition of obesity;  NuLevel is an RCT of a weight loss maintenance interven-
tion;  while Foodscape includes systematic review of the evidence and development of interventions to increase ‘healthiness’ 
of offers by ‘out of home’ food outlets. 

We have a strong focus on methodology, including the development of tools to measure food environments and individual 
behaviours and to improve dietary assessment methods. Much of this work has contributed to the development of online 
24-hour dietary recall tool INTAKE24 as will be presented by Foster.  In parallel with work to improve dietary assessment 
while reducing the burden and cost, work in collaboration with Aberystwyth University is seeking an alternate approach to 
characterising intake. In work, which links with the molecular nutrition in the HNRC, a novel metabolomics-based approach is 
being used to discover metabolites in urine, which are characteristic of the consumption of specific foods.  This proof-of-prin-
ciple work is currently being extended to discover and validate additional biomarkers of food intake (with Aberystwyth and 
Imperial College). The overall aim is to integrate the outcomes from these metabolomics- and computer-based approaches 
to produce novel, objective, acceptable and cost-effective approaches to dietary assessment with wide utility.

Increasingly our work has been linked to policy either provide evidence for or to evaluate policy interventions. Findings from 
work to measure the impact of introduction of school food policy in England showed the impact of nutritional standards and 
the potential of the provision of school lunches to improve children’s overall diet (Spence, Adamson, White & Matthews) and 
have since been used as evidence in the development of the School Food Plan (2014) (www.schoolfoodplan.com/) including 
the provision of universal free school meals. This work in evaluation of implementation of a public health policy sits with other 
policy evaluation such as that on OfCom regulations for advertising foods to children (Adams) and work on front-of- pack 
food labels (Adamson).

As we move into our third decade Public Health Nutrition in HNRC is in a strong position to contribute to public health 
improvement. We welcome new academic staff (Brennan and Wrieden) and researchers brought about by funding of NIHR 
professorship in translational research (Adamson). Facilitated by our membership of Fuse – the centre for translational 
research in public health www.fuse.ac.uk and NIHR School for Public Health Research http://sphr.nihr.ac.uk/ we will continue 
to undertake innovative research to contribute evidence and to work with policy and practice to ensure this evidence is 
translated to improve health and well-being of the population.  



Food Quality and Health

Chris Seal

The Food Quality and Health research theme aims to understand and optimise 
how diets, foods and food components affect human health.  Our research 
encompasses a multidisciplinary approach across the whole food chain, explor-
ing the impact of primary production, food processing and storage methods on 
the nutritional and sensory properties of food and on the impact of diet on health.  
We have unique access to facilities such as the University’s farms to explore 
the impact of agronomic practice on product quality e.g. organic vs conventional 
systems for crop and animal-based foods.  The launch of NU-Food, our Food & 
Consumer Research Facility, provides us with state-of-the-art facilities for con-
sumer research and work with volunteers in intervention studies.

We use dietary intervention studies with robust design to investigate the impact of 
changing diet/novel foods on health outcomes, including how this can be affected 
by an individual’s genotype (covered separately in this meeting by Georg Lietz). 
Some studies aim to provide evidence to support health claims for foods or ingre-
dients, while others inform public policy (e.g. Department of Health) or improve 
our understanding of mechanisms of the effects. The GrainMark study indicated 
that eating large amounts of wholegrain rye for 16 weeks improved health meas-
ures in a dose-response manner.  This study was the first to use a metabolomics-
based approach to identify hydroxylated phenylacetamides as biomarkers of 
consumption of wholegrain sourdough rye bread in humans and was carried 
out in parallel with the MEDE study using common protocols.  In contrast, the 
WHOLEheart study demonstrated no apparent effect of a similar intervention with 
a mixed whole grain-containing diet on cardio-metabolic outcomes.  The VegBP 
study investigated if 16 weeks consumption of high-nitrate green leafy vegetables 
would improve blood pressure and cardiac function in people with mild hyperten-
sion; the results of this study are still being examined, but suggest that whilst high 
nitrate vegetables have reduced blood pressure in some short- and medium-term 
studies, they do not have a long-term effect in this group.

We have shown in experiments with different plants foods that the content of bio-
active components and nutrients can be affected by growing and storage condi-
tions.  Recently substantial media interest was generated by a systematic review 
comparing data on the composition of organic and conventionally-produced crop 
foods. Another recent study showed that correct post-harvest handling of toma-
toes (never in the fridge!) improved their taste significantly and more than dou-
bled their shelf life. Our studies have shown that feeding dried carrots, containing 
the bioactive compounds polyacetylenes, reduced tumour growth in the APCmin 
mouse model of intestinal cancer, and we are currently investigating which com-
pounds are involved and if the effect can be extended to humans.  Our research 
in bioactive component links closely with research in the University on medicinal 
plants, including research on cognition and type 2 diabetes.  

Our research covers the whole life course which is well illustrated by our work on 
fat soluble vitamins including investigations on vitamin K status in children and 
older people with unstable warfarin status in collaboration with clinical haematolo-
gy colleagues, using new methods to measure vitamin A status in African children 
and exploring the relationship between vitamin D intake and status and cognitive 
decline and mortality in the oldest old in collaboration with the 85+ study team.



The role of epigenetic processes in health and disease

Caroline Relton

Epigenetic mechanisms mare involved in regulating gene activity which creates 
phenotypic variation without altering the underlying genetic code. Epigenetics 
is a potentially important mechanism by which environmental factors can affect 
physiological function and disease risk. In particular, DNA methylation (a form of 
epigenetic marking) has become increasingly integrated in to population-based 
studies as a potential modifiable indicator of underlying biological changes.

Two examples of population-based studies will be used to highlight the role of 
epigenetic processes in health and disease and the application of a range of epi-
demiological tools to strengthen causal inference. Firstly, exploration of the role 
of DNA methylation in the mediation of the association between maternal vitamin 
B12 levels in pregnancy and offspring IQ. Secondly, consideration of the role of 
epigenetic processes mediating the link between maternal over- and under-nutri-
tion during pregnancy and later offspring health.



The role of epigenetic processes in 
health and disease 

Using compartmental modelling to estimate vitamin A stores 
and β-carotene bioconversion in humans

Georg Lietz 

Better methods are needed to assess vitamin A (VA) status and the efficiency of 
bioconversion of β-carotene (BC) to retinol (ROH).  Data on plasma ROH kinetics 
from 2 h to 14 d after an oral tracer dose of [13C10]BC and [13C10]retinyl acetate 
(RAc) to 33 healthy young adults were analyzed using model-based compart-
mental analysis (WinSAAM, the Windows version of the Simulation, Analysis 
and Modeling software).  The 6-compartment model that fit data for all subjects 
predicted 5.3 pools of plasma ROH were transferred into extravascular stores 
each day, with ~17%/d recycling back to plasma; 6.5%/day was irreversibly lost 
and total body VA stores (TBS) were 146  ± 89 μmol (mean ± SD).  We derived a 
simplified isotope dilution (“Olson”) equation for TBS, eliminating several factors 
and assumptions: TBS = F * (1 / SA), where F (fraction of dose [FD] absorbed 
and retained) was estimated as 0.61 from the kinetic data and SA (specific activ-
ity) is FD 13C10[ROH] in plasma 3 d after dosing / plasma ROH pool (μmol). 

TBS calculated using the equation was 149 ± 85 μmol, essentially the same 
as the value predicted by the model.  BC bioconversion, calculated as FD 
13C5[ROH] (derived from BC) / 13C10[ROH] (derived from RAc) at 2 d, averaged 
23 ± 11% and was significantly correlated (R=0.942) with WinSAAM’s estimate 
based on areas under the curves (26 ± 12%).  Our results indicate that both TBS 
and BC conversion to ROH can be estimated based on blood samples taken 3 
and 2 d, respectively, after dosing.  With further refinement, one sample at 3 d 
may suffice.

We acknowledge funding from BBSRC (UK) and DSM, Basel, Switzerland

Georg Lietz2, Hyunjin Park1, Anthony Oxley2, Alan Boddy2, Phil Berry2, Adrian Wyss3, 
Wolfgang Schalch3, Michael H. Green4

1ICAN Nutrition Education and Research, Seoul, Korea; 2Human Nutrition Research Centre, New-
castle University, Newcastle upon Tyne, U.K; 3 DSM, Basel, Switzerland; 4Department of Nutritional 
Sciences, Penn State University, University Park, PA 16802



The WNT signalling pathway in people at higher risk of colorectal cancer 
and its modulation by non-digestible carbohydrates

Fiona Malcomson 

Abstract

The WNT signalling pathway is involved in the regulation of several processes, including 
cell proliferation, differentiation and apoptosis, in the large bowel. Hyperactive WNT signal-
ling is common in both inherited and sporadic forms of colorectal cancer (CRC). People 
with colonic polyps (precursors of CRC), or with inflammatory bowel diseases, such as 
ulcerative colitis (UC), are at increased risk of CRC. CRC risk is modified by diet and 
there is convincing evidence for a protective role of non-digestible carbohydrates (NDCs) 
through fermentation by colonic bacteria to produce butyrate. Furthermore, butyrate has 
been shown to modulate WNT signalling positively. This study aimed to investigate differ-
ences in the WNT pathway in people at higher risk of CRC, with quiescent UC or a history 
of polyps, and to investigate the effects of supplementing healthy participants with NDCs 
on WNT signalling in the large bowel. 

Using a 2*2 factorial, double-blind RCT design, 75 healthy participants were given two 
NDCs, resistant starch (RS) and/or polydextrose (PD), or placebo for 7 weeks. Colorectal 
mucosal biopsies were collected before and at the end of intervention and used to quantify 
expression of WNT pathway-related genes and of BAX and BCL-2 (two regulators of apop-
tosis) and to assess colonic crypt cell proliferation. The regulation of WNT gene expression 
by epigenetic mechanisms was investigated by quantifying expression of microRNAs and 
DNA methylation. Differences in WNT pathway gene expression in people at higher risk of 
CRC were investigated in an additional 38 participants with quiescent UC or a history of 
adenomatous polyps.

Higher-risk participants had altered expression of c-JUN and WNT11 and increased 
SFRP1 methylation, suggesting enhanced WNT pathway activity. A lower BAX to BCL-2 
ratio was found in higher-risk participants, indicating a reduction in BCL-2 family-mediated 
apoptosis. Whilst crypt cell proliferation was reduced in higher-risk participants, the propor-
tion of mitotic cells in the top half of the crypt appeared to be increased compared with 
controls.

In healthy participants, RS supplementation reduced expression of CTNNB1, encoding 
β-catenin (a key component of the WNT pathway), and c-MYC, suggesting a reduction in 
WNT signalling. RS and/or PD reduced expression of two antagonists of WNT signalling, 
SFRP1 and SFRP2, suggesting an increase in WNT activity. RS increased total colonic 
crypt cell proliferation but did not alter the proportion of mitotic cells in the top half of the 
crypt (a marker of crypt health).

This study has shown that WNT signalling is aberrantly active in the macroscopically-nor-
mal mucosa of people at higher risk of CRC, resulting in dysregulation of proliferation and 
apoptosis. Results from the intervention study suggest that the increase in proliferation in 
participants supplemented with RS may have resulted from induction of the WNT pathway. 

This study was funded by the BBSRC (BB/H005013/1).



Advances in Dietary Assessment     

Dr Emma Foster

In 2000 we were involved in developing and co-ordinating the dietary assessment for a primary school 
based fruit and vegetable intervention. At that time the only food photographs available for estimat-
ing portion size were the adult food photographs developed by Nelson et al. (1997)1. We used, as a 
number of studies had, the 4 smallest portions in the adult food atlas to gain an estimate of portion 
size from the children. It soon became evident that children were struggling with the task.

From this work developed the idea for my PhD studies which looked at dietary assessment in primary 
school children with particular focus on portion size estimation. The study tested young children’s 
ability to estimate portion size using adult food photographs and food models. The models proved 
slightly more accurate than the photographs however, children over-estimated portion size using both 
methods.

This led to the first of a series of Food Standards Agency funded projects to examine whether portion 
size estimation was a task children were able to do when provided with age-appropriate portion size 
aids. The study developed a series of food photographs2 and a computerised portion size assess-
ment aid, known as IPSAS. The tools were found to greatly improve the accuracy of estimates and 
from 11 years of age children were found to estimate with an accuracy and precision approaching that 
of adults. The tools were further developed to cover the top 100 foods reported in the National Diet 
and Nutrition Survey3 and a relative validation against weighed intakes was undertaken.

Advances in technology have been applied to dietary assessment methods to make participation in 
dietary surveys more attractive, accessible and less burdensome whilst greatly reducing the cost. 
In the US the multiple pass 24hr recall has been the method of data collection in the National Food 
Surveys since 19944. Traditionally an interviewer administered recall it has recently been developed 
as an online recall with the system taking on the role of the interviewer. It is intended that the system, 
ASA24, will be used in the future National Health and Nutrition Examination surveys5.

We conducted a short study which explored the potential of extending IPSAS into a computerised 
24hr recall for use with children aged 11-16 years. A prototype tool SCRAN was produced which 
demonstrated potential and was very well received by the young people. Recent and extensive work, 
funded by Food Standards Agency Scotland, facilitated an exciting partnership with colleagues in 
culture lab to further develop this tool into a user-friendly online 24hr dietary recall for use with people 
aged 11 to 24 years, INTAKE24. Further work is planned to develop INTAKE24 for use with older 
adults with a view to the tool being used to assess diet in the Scottish Health Survey.

Other exciting advances in technology assisted dietary assessment include the use of mobile phones 
to keep a photographic record of the foods consumed. Martin et al. have used this along with re-
searcher identification of foods and estimation of portion sizes6. Boushey et al. at Purdue University 
are working on an automated system of food identification and portion size estimation7.

1. Nelson M, Atkinson M & Meyer JA (1997) A photographic atlas of food portion sizes. London: MAFF publications.

2. Foster E, Hawkins A, Adamson AJ. Young Person’s Food Atlas - Secondary. London: Food Standards Agency; 2010.

3. Gregory J, Lowe S. National Diet and Nutrition Survey: young people aged 4 to 18 years. London: HMSO; 2000.

4. http://www.cdc.gov/nchs/tutorials/Dietary/SurveyOrientation/DietaryDataOverview/Info1.htm

5. Raper N, Perloff B, Ingwersen L, et al. An overview of USDA’s dietary intake data system. J Food Compos Anal. 2004 Jun- 
Aug;17(3-4):545-55.

6. Martin CK, Han H, Coulon SM, et al. A novel method to remotely measure food intake of free-living individuals in real time: the remote 
food photography method. Br J Nutr. 2009 Feb;101(3):446-56.

7. Boushey CJ, Kerr DA, Wright J, Lutes KD, Ebert DS, Delp EJ. Use of technology in children’s dietary assessment. Eur J Clin Nutr 

2009;63 Suppl 1:S50-7



The Food4Me Proof of Principle Study: an Internet-based Randomized Con-
trolled Trial of Personalised Nutrition in Seven European Countries 

Carlos Celis

Abstract

Background: Improving lifestyle behaviours has considerable potential for reducing 
the global burden of non-communicable diseases, promoting better health across 
the life-course and increasing wellbeing. However, realising this potential will require 
the development, testing and implementation of much more effective behaviour 
change interventions than are used conventionally. Therefore, the aim of this study 
was to conduct a multi-centre, internet-based, Proof-of-Principle (PoP) study of 
personalised nutrition (PN) to determine whether providing more personalised di-
etary advice leads to greater improvements in eating patterns and health outcomes 
compared to conventional population-based advice.

Methods: 5561 volunteers were screened across seven European countries; the 
first 1607 participants who fulfilled the inclusion criteria were recruited into the trial. 
Participants were randomly assigned to one of the following intervention groups for 
a 6-month period: Level 0 - control group - receiving conventional, non-PN advice; 
Level 1 – receiving PN advice based on dietary intake data alone; Level 2 – receiv-
ing PN advice based on dietary intake and phenotypic data; Level 3 – receiving PN 
advice based on dietary intake, phenotypic and genotypic data. 

Results: 1607 Participants had a mean age of 39.8 years (ranging from 18 to 79 
years). Of these participants, 60.9% were women and 96.7% were from white-Eu-
ropean background. The mean BMI for all randomized participants was 25.5 kg.m-2 
and 44.8% of the participants had a BMI ≥25.0 kg.m-2. 

Conclusions: Food4Me is the first large multi-centre RCT of web-based PN. The 
main outcomes from the Food4Me study will be submitted for publication during 
2014.   

Trial registration - NCT01530139 (http://clinicaltrials.gov/show/NCT01530139 )



The Gateshead Millennium Study: Challenges and Solutions

Angela Jones and Laura Basterfield

Abstract 

Obesity remains a global public health challenge. Recent survey data show that 
33.3% of English 10-11 year old children are overweight or obese(1), and do not meet                     
recommendations for physical activity(2) (60 minutes moderate-to-vigorous intensity      
physical activity (MVPA) daily(3) or aspects of dietary intake(4) (5 portions of fruit and veg-
etables daily). 

The Gateshead Millennium Study (GMS), a longitudinal birth cohort recruited in 1999/2000 
in northeast England(5), was established to investigate failure to thrive in infants. Data 
have been regularly collected since birth, with direct measurement of the children from 7 
years old. With the emergence of the obesity epidemic, the data collected in the GMS have        
become important for examining the early origins of obesity in a contemporary population. 

This presentation will outline the methods used by the GMS to measure body composition, 
physical activity, dietary intake, and parents’ perceptions of child weight status, as well as 
the outcomes of this work. It will give two examples of how the findings from the GMS cohort 
have led to new avenues of investigation, addressing the challenges presented by childhood 
obesity. The different strategies employed by the new research areas which have emerged 
from the GMS aim to offer complementary approaches to improve health outcomes in future 
generations. 

1. The Health and Social Care Information Centre (2013) National Child Measurement Pro-
gramme: England, 2012/2013 school year.

2. Health Survey for England 2008 (2009) Volume 1: Physical activity and fitness.

3. Chief Medical Officers of England Scotland Wales and Northern Ireland (2011) Start      
active, stay active: a report on physical activity from the four home countries’ Chief Medical 
Officers. London: Department of Health.

4. Department of Health (2011) National Diet and Nutrition Survey. Headline results from 
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New frontiers in nutrition research

John C. Mathers

Abstract

This is a very exciting time to be engaged in nutrition research, with great oppor-
tunities, not only for advancing basic understanding of nutrition-function-health 
relationships but also for developing and implementing nutrition-based interven-
tions to improve human health and wellbeing. Our nutrition research will need to 
address major societal challenges including population ageing and obesity in the 
context of global pressures on food sustainability. In the next few years significant 
advances in several areas are anticipated to include:

 i) Measurement:  Measurement is the bedrock of all science and in nutri-
tion there is a continuing challenge to provide better estimates of dietary intake 
for all population groups and to do this more economically and with less burden 
for both researchers and participants. Developments in computer-based science, 
including image analysis and food recognition systems, together with biologically-
based approaches such as metabolomics offer great promise in describing and 
quantifying what is eaten with the potential to escape from the tyranny of conven-
tional food intake measurement tools. 

 ii) Models: Better models usually mean better science and, increasingly, 
nutrition researchers are employing a much wider range of better models. These 
include a wider range of species – from ants to zebrafish – and also better in vitro 
models. Scientists are no longer constrained to use less-than-ideal cell lines. Now 
is the time to take advantage of developments in stem cell biology and to employ 
“self-organising” organoids as realistic models for the study of the effects of nutri-
tion on specific organs, for example the gut, the eye or the brain.

 iii) Mechanisms: The last decade was dominated by genomics-based 
research which has enabled nutritionists to begin to reveal the exquisite ways in 
which nutrition interacts with our genome to influence health. Now there is a rap-
idly expanding molecular toolkit available to researchers, including, for example, 
the CRISPR–Cas9 system for genome editing, which heralds a step change in 
the ability of nutrition researchers to test specific mechanistic hypotheses.

 iv) Making a difference (interventions): The near universal recognition 
that a better diet can help keep us healthier has created an appetite for effective, 
acceptable dietary interventions at all levels from the individual to societies. To 
satisfy this appetite, nutritionists will need to work in multi-disciplinary teams with 
behaviour change psychologists, digital interaction scientists, designers as well 
as other disciplines, not only to develop interventions which work but also to de-
liver them at low cost to large numbers of people. There will also be opportunities 
to develop/redesign foods with improved nutritional composition.
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Introduction                                                                   Structure of genistein          

Genistein promotes a gene expression profile characteristic of brown or beige, rather 
than white, adipocytes and increases Sirt1 expression in mouse NIH3T3-L1 cells 

Genistein is a polyphenol found at particularly high levels in soya and its products. 
Numerous studies indicate a wide range of possible health benefits of genistein 
consumption. These benefits include suppression of cancers, antioxidant functions 
and protection from diet-induced obesity.  
 
In contrast to white adipocytes, which are the site for fat accumulation, brown 
adipocytes prevent storage of fat and are involved in energy dissipation. Brown 
adipocytes are characterised by having higher numbers of mitochondria in which 
expression of uncoupling protein (UCP1) leads to the process of non-shivering 
thermogenesis as a result of electron transport through the respiratory complex 
being uncoupled from ATP synthesis. 

These findings suggest that a diet with a high content 
of genistein (e.g. a diet including large quantities of 
soya-based products) may protect against obesity by 
encouraging the development of brown, rather than 
white, adipose tissue. However to substantiate such 
claims, it is essential to demonstrate these effects in 
human volunteers 

  

Sadat A. Aziz, Luisa Wakeling, Satomi Miwa, John Hesketh, Dianne Ford 
ICaMB, Newcastle University, Newcastle upon Tyne,  UK. 

Figure 10-12. The effect of genistein  on white adipocye genes and brown adipocyte marker gene mRNA expression in 3T3-L1 maturing pre-adipocytes. Total RNA was 
extracted and levels of mRNA expression were measured by Rt-qPCR. Data are expressed relative to topoisomerase 1 (TOPO1) mRNA levels. All values are shown as 
means SEM. N=3-6.  ***P≤0.001, **P≤0.01. Statistical analysis was by one-way ANOVA followed by Bonferroni’s multiple comparisons test. Figure 10-11 reveal effects of 
genistein on whites (FAS, ACC, AP2, HSL, chemerin and resistin) , brown (UCP1 and CD-137) and mediators of white to brown (beige) (Sirt-1 and CEBPβ) mRNA expression 
levels. Figure 12 shows dose and time dependent effects of genistein on PGC1α mRNA expression level in 3T3-L1 maturing preadipocytes. 

 E)  100 µM genistein 5-100 µM genistein, day 12 

Day 
0 

Differentiation 

Differentiation+ genistein 

12 days 
Methods 

Figure 1,2,3,4,and 5. Growth and differentiation of 3T3-L1 cells in the presence and 
absence of genistein (50 µM or 100 µM).  Cells were stained with Oil Red-O stain on day 
0 and day 12 to reveal fat droplets. Photographs were taken using 40X objective lens.  

3T3-L1 pre-
adipocytes 

RNA 
extracted 

RT-
qPCR 

Cells were cultured and grown to confluence in 6-well plates. 48 h after cells 
reached confluence, taken as day 0, cells were induced to differentiate in the 
presence and absence of genistein (50 μM or 100 μM).  

Kurdistan regional government 

We made a chance observation that differentiating 3T3-L1 preadipocytes in the 
presence of 100 µM genistein invoked a change in the appearance of lipid droplets 
(Figure 1,2,3,4 and 5). This observation lead us hypothesise that genistein promoted 
the development of brown, rather than white, adipocytes.  We thus sought to obtain a 
profile of gene expression responses to genistein to determine if this shifted from a 
profile typical of white adipocytes towards a profile more characteristic of brown 
adipocytes. 

Results 

Treatment of NIH3T3-L1 preadipocytes with genistein during differentiation increased the expression of genes that 
are markers of brown adipose tissue and reduced the expression of genes expressed in white adipose tissue.  
These changes in gene expression were accompanied by an observable difference in lipid accumulation and 
increase in the level of basal and uncoupled mitochondrial oxygen consumption. 

The observations are consistent with an effect of genistein to promote the development of a brown rather than 
white adipocyte phenotype. 
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The effect of genistein  on basal and 
proportion of mitochondrial oxygen 
consumption in 3T3-L1. All values are 
shown as means SEM. N=10.  
***P≤0.001, **P≤0.01. Statistical analysis 
was by one-way ANOVA followed by 
Bonferroni’s multiple comparisons test. 
Figure (6, 7, 8 and 9) show  basal and 
proportion of uncoupled mitochondrial 
oxygen consumption 
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Whole grain intake is associated with intakes of other foods, nutrients 
and some markers of health in the National Diet and Nutrition Survey. 

By K.D. Mann1,2, M.S. Pearce2, B. McKevith3, F. Thielecke4, and C.J. Seal1  
1Human Nutrition Research Centre & 2Institute of Health & Society, Newcastle University, Newcastle upon Tyne, UK 

3Cereal Partners UK, UK & 4Cereal Partners Worldwide, Switzerland 

Introduction 

Conclusion  

Whole grains (WG) and the foods made from them are 
considered to be beneficial to health 
A reduced risk of cardiovascular disease (CVD), type 2 
diabetes (T2D), obesity and some cancers has been  
shown in WG consumers compared to low or  
non-consumers (1,2) 

Recent UK dietary data show WG intake is low, with non-
consumption of 18% in adults and 15% in children (3)  
It is important to understand whether the health benefits 
associated with intake of WG are still present at low levels 
of consumption 

Our aim was to investigate the association of daily WG intake 
with intakes of other foods, nutrients and markers of health 
(anthropometric and blood measures) in the National Diet 
and Nutrition Survey (NDNS) 2008-2011 population. 

The NDNS is a representative dietary survey of households in 
the UK. Four-day diet diaries were completed by 3073 
individuals with anthropometric measures (height and 
weight), blood pressure and blood samples collected after 
diary completion. Daily WG intake was calculated, considering 
foods with any WG content, on a dry matter basis. WG intake 
was also categorised by number of servings, with one serving 
classified as 16g of WG, according to the US definition. 
Differences in nutrient intakes between consumers and  
non-consumers of WG were assessed using t-tests. 
Associations between WG intakes, intakes of other foods and 
markers of health were investigated using tests for trend.  

WG intake for 80% of this population fell below dietary 
recommendation in other countries for decreased risk of CVD 
and T2D. This low WG intake may explain the small variation 
across markers of health in this population. Despite this, 
associations of increased WG intake with decreasing weight 
and BMI (in children only), C-reactive protein (in adults only) 
and white blood cell count were present. This suggests that 
even small intakes of WG may contribute to better health. The 
nutrient intakes of WG consumers compared with the non-
consumers were closer to dietary reference values, 
particularly for fibre intake, suggesting that increasing WG 
intake is associated with improved diet quality. 

Acknowledgments: We thank the participants of the NDNS and its co-ordinating team 
for supply of the data. The work presented in this poster was funded by Cereal 
Partners Worldwide who had no influence over the design or analysis of this research. 
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Over half (57%) of children and 44% of adults did not 
consume one serving of WG per day (figure 1). 
Around a quarter of adults (24%) and children (26%) 
consumed one serving of WG per day.  

Daily nutrient intake 

Children 1.5 – 18 years Adults 19+ years 
Consumers  

n=1333 
Non-consumers 

  n=249 
t-test 

Consumers  
n=1236 

Non-consumers  
n=255 

t-test 

Mean SD Mean SD p-value Mean SD Mean SD p-value 
Energy (kcal) 1608 443 1590 543 0.681 1839 578 1851 702 0.843 
Energy (MJ) 6.8 1.9 6.7 2.3 0.668 7.7 2.4 7.8 2.9 0.859 

% energy from protein 14.8 2.6 14.7 2.9 0.826 16.7 4.0 16.0 4.4 0.045 
% energy from carbohydrate 51.2 5.4 50.0 5.3 0.006 45.5 7.4 44.7 8.1 0.170 
% energy from total sugar 22.9 6.1 21.9 6.0 0.015 19.6 6.3 19.2 7.5 0.473 
% energy from NME sugars 14.4 5.7 14.7 5.9 0.470 11.1 5.6 13.2 7.5 <0.001 
% energy from fat 33.7 4.8 34.3 4.9 0.126 33.2 6.5 34.0 6.7 0.106 
% energy from saturated fat 13.2 2.9 12.7 3.0 0.053 12.3 3.4 12.5 3.6 0.539 
% energy from alcohol 0.3 2.2 0.9 3.8 0.046 4.6 6.8 5.4 7.8 0.185 

Fibre (g/10MJ) 17.0 4.5 14.7 4.5 <0.001 19.2 6.1 14.5 5.3 <0.001 
Sodium (mg/10MJ) 2930.7 655.0 3056.8 783.0 0.028 2979.9 776.3 3087.3 807.4 0.065 
Iron (mg/10MJ) 13.5 3.1 11.6 3.3 <0.001 14.6 3.5 12.4 5.6 <0.001 
Calcium (mg/10MJ) 1218.4 377.3 1118.6 433.4 0.003 1104.6 308.5 996.8 389.4 0.001 
Vitamin E (mg/10MJ) 10.6 2.9 11.1 3.7 0.070 11.7 3.8 11.0 4.4 0.027 
Potassium (mg/10MJ) 3323.2 664.3 3208.2 685.8 0.037 3816.7 876.1 3331.5 837.1 <0.001 
Phosphorus (mg/10MJ) 1580.0 274.5 1475.1 310.3 <0.001 1667.2 322.4 1516.7 414.2 <0.001 
Magnesium (mg/10MJ) 298.7 53.8 265.2 47.8 <0.001 344.7 73.6 287.0 100.9 <0.001 
Thamin (mg/10MJ) 2.0 0.5 1.8 0.5 <0.001 1.9 0.6 1.8 0.7 0.001 
Riboflavin (mg/10MJ) 2.3 0.8 1.9 0.9 <0.001 2.2 0.8 1.9 0.9 <0.001 
Niacin (mg/10MJ) 42.6 11.1 43.0 15.6 0.739 48.3 14.3 47.3 15.3 0.367 
Vitamin B6 (mg/10MJ) 2.8 1.0 3.0 2.0 0.346 3.0 1.1 2.9 1.3 0.723 
Vitamin B12 (mug/10MJ) 6.1 2.6 5.9 3.3 0.448 7.5 5.4 6.8 6.0 0.134 
Vitamin D (mug/10MJ) 3.0 1.9 3.2 3.3 0.548 3.9 2.7 3.8 3.2 0.775 

Table 1: Nutrient intakes of WG consumers vs non-consumers for adults and children.  

Figure 1: Percent distribution of adults and children per  WG serving.  
16g/d = 1 serving 

Nutrients: Differences in nutrient intakes between WG 
consumers and non-consumers are summarised in table 1. 
Significantly higher nutrient intakes in WG consumers are 
highlighted in green and significantly higher nutrient intakes in 
non-consumers are highlighted in blue. 

Other Foods: Increasing trend in intakes of bread, milk, 
cheese, yoghurt, fruit, vegetables, fish, ready to eat cereals 
and biscuits were significantly associated with increasing 
intake of WG. Decreasing trends in intake of fats and red meats 
were also significantly associated with increasing intake of WG. 

Health Markers: Significant negative associations were seen 
with increasing WG intake for weight and BMI (in children),  
C-reactive protein (in adults) and white blood cell count. No 
trend across servings of WG was seen for any other of the 
health markers; weight, BMI, blood pressure, cholesterol 
(total, HDL or LDL), triglycerides, haemoglobin and creatinine.   

Methods 

Results 



Vitamin D is obtained through synthesis in the skin
under the influence of ultraviolet radiation. A small
amount is also obtained by intake from dietary
sources such as oily fish, meat, eggs and fortified
fat spreads and breakfast cereals. Vitamin D is
required for calcium absorption in the gut, and so is
important for bone health.(figure 1).

Figure 1. Overview of Vitamin D Metabolism.

Older adults are well-established as a group that
are at risk of vitamin D deficiency (25(OH)D
<25nmol/l).(1; 2) When serum 25(OH)D levels fall
below 25nmol/l there is an increased risk of falls
and fractures.(3; 4) However, studies in Northern
Europe and Northern USA have also found a high
prevalence of vitamin D deficiency in young
adults.(5-7) In the UK, the National Diet and Nutrition
Survey (NDNS) has indicated low levels of vitamin
D in younger adults with 20-40% of young men and
women (19-24 year olds) with circulating 25(OH)D
concentrations of <25nmol/l.(8)

Despite the reports of vitamin D deficiency in young
adults, the causes and consequences of vitamin D
deficiency in this age group are not well
characterised.
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25(OH)D Observations
25(OH)D deficiency was more prevalent in younger
adults than older adults (67% vs. 40% below
30nmol/l, P=0.005). 25(OH)D measured by
immunoassay was lower in younger adults than
older adults. Measured free 25(OH)D was also
lower in younger adults than older adults. (Figure
3)

Results 

Background 

Conclusion 
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Aims and Objectives 
1. To establish any difference in 25(OH)D status
between younger and older adults.

2. To establish the likely causes of any age
difference in 25(OH)D status, which may include:

- Differences in sunlight exposure with age
- Differences in Dietary Intake with age
- Differences in metabolic clearance or half-life of 25(OH)D with 
age
- Differences in DBP/Albumin Levels with age 

3. To establish the consequences of any age
difference in 25(OH)D status.

Study Design
This was a cross-sectional observational study.

Figure 2. Overview of Study.

Young adults are at risk of vitamin D 
deficiency due to low dietary intake and 

shorter 25(OH)D3 half-life

Methods Causes of Low 25(OH)D in Younger Adults

Figure 3. Plots to show individual data points (hollow circles) and
mean differences by age group for (a) 25(OH)D and (b) measured
free 25(OH)D. Black dots represent the mean and the whiskers
represent 1 standard deveation.

Figure 5. Plots to show individual data points (hollow circles) and 
mean differences by age group for urininary calcium:creatinine ratio. 
Black dots represent the mean and the whiskers represent 1 
standard deveation.

PTH, 1, 25(OH)2D, Serum Calcium and 24hr
Urinary Calcium.

Dietary Vitamin D & Calcium Intake
Dietary vitamin D intake (2.6µg/d (SD 1.6) vs. 
3.9µg/d (SD 3.0), P=0.040) (Figure 4) and vitamin 
D supplement intake were lower in younger adults 
than in older adults (16.5% vs. 24%). Dietary 
calcium intakes in both age groups were sufficient 
to meet the reference nutrient intake for calcium 
of 700mg/day. 

Metabolic Consequences of Low 25(OH)D 
in Younger Adults

Participants
Participants were assessed between December
2012 and March 2013 at the Centre for
Biomedical Research at Northern General
Hospital, Sheffield, UK. A total of 112 healthy
participants aged between 18-42 (younger
adults) or 55-77 (older adults) years were
recruited.

Statistical Analysis
Analysis of covariance (ANCOVA) was used to
test for differences between age groups, after
adjustment for BMI and gender.

25(OH)D3 Half-life                                        
Half-life of 25(OH)D was assessed by oral
administration of a vitamin D stable isotope.
Participants were given a small oral dose
(60nmol) of stable isotope of 25(OH)D3.
Subsequent fasting Lihep-blood samples were
taken 5-7 days, 9(+/-2) days, 27(+/-2) days and
30(+/-2) days after administration for
measurement of serum levels of the 25(OH)D3
stable isotope. The disappearance of the
25(OH)D tracer and 25(OH)D half-life was then
determined using the terminal slope principle
also previously described elsewhere.(9; 10)

25(OH)D-t1/2
25(OH)D3-t1/2 was shorter in younger adults than in
older adults (Figure 4).

The prevalence of vitamin D deficiency in the 
young is greater than in older adults. Younger 
people have lower 25(OH)D in winter than older 
counterparts. This appears likely due to a lower 
dietary intake of vitamin D and a shorter 25(OH)D3
half-life. PTH was higher than expected in young 
adults, which might suggest biologically significant 
vitamin D deficiency, but 24-hour urine calcium did 
not differ between younger and older adults, 
suggesting that calcium absorption is relatively 
well-maintained in vitamin D insufficient younger 
adults. Therefore the consequences of vitamin D 
deficiency on calcium metabolism in younger 
adults may be limited. 

Sunlight Exposure
There was no relationship between age and 
summer sunshine exposure score (r 0.11, 95% CI: 
-0.10 to 0.33, P=0.276).

DBP/Albumin
DBP did not differ between age groups (P=0.833).
Albumin was higher in older adults than in
younger adults (P=0.023).

Figure 4. Plots to show individual data points (hollow circles) and
mean differences by age group for (a) 25(OH)D3-t1/2 and, (b) total
dietary vitamin D intake.

1,25(OH)2D did not differ between age groups
(P=0.432). PTH also did not differ between age
groups (P=0.576), but was in the upper end of
the normal reference range (10-64ng/l) in
younger (45.8ng/l) and older (47.0ng/l) adults.
Adjusted serum calcium was significantly lower
in younger adults vs. older adults (2.23nmol/l
(SD 0.008) vs.2.30nmol/l (SD 0.007), P<0.001).
24-hour urine Ca:Cr excretion did not differ
between age groups (P=0.507) (figure 5).



Evening Functions 

Drinks Reception 

Canapés and Fizz will be served in the Bamburgh Room, Kings Road Centre at 18:30. 

Buffet Supper and Dance 

Supper will be served in the Lindisfarne Room at19:15. This will be followed by live music 
from the Newcastle Ceilidh Band and a chance to take part in some traditional 
Ceilidh dancing. 

Entry to evening functions is limited to ticket holders
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