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1 Introduction 
Nutrigenomics is an emerging scientific discipline that recognises that the subtle differences 
between people’s genetic make-up affects their risk of acquiring particular diet-related diseases;  
the ideal foods (or ideal diet) for one person will not be the same as for their neighbour 
(Ferguson et al. 2007).  

There are many human conditions (such as Inflammatory Bowel Disease (IBD) in general; or 
Crohn’s Disease (CD) in particular) that run in families, indicating that they have a significant 
genetic component; but not everyone with the same genetic risk factors develops full-blown 
IBD. It appears that the diet and lifestyle choices made by each individual affect the rate of 
onset and severity of IBD. The nutrigenomics research being conducted in New Zealand has 
the potential to demonstrate exactly how certain components of our food may interact with one’s 
genetic pre-disposition and trigger the chronic inflammation that leads to IBD. 

There was a strong rationale in the selection of CD as a proof-of-principle target to establish 
Nutrigenomics New Zealand (NuNZ):   

 the disease has a strong genetic basis, as evidenced by twin studies, 

 dietary intervention is a typical first step in therapy and may directly lead to disease 
remission, 

 there are differences between individual responses to diet, as would be anticipated if the 
genetic background influences dietary requirements, 

 there are established linkages with gastroenterologists who are already working with 
highly motivated patient groups. 

Research in New Zealand is indicating that there are certain foods that are generically ‘safe’ for 
people at risk of developing IBD: their texture and composition mean they are reported as 
neutral by practically everyone. There are other foods that are reported as ‘harmful’ by 
practically everyone at risk of IBD. Most interestingly, there is a third group of foods that some 
people report as improving their condition and others report as making it worse. As these 
responses are analysed in detail the researchers have found some where the different reactions 
to the food appear to be attributable to the particular risk-factor genes carried by the 
respondents. 

1.1 Related discipline 

Pharmacogenomics: Studying the interaction of our individual genetic make-up with prescription 
medicines (Kaput et al. 2007); it has been estimated that up to half of prescribed medicine is 
ineffective because of individual genetic variability in the way we metabolise drugs. 

1.2 Megatrends and economics 

New Zealand has an enviable comparative advantage in the production of food: clean air and 
water, low population pressure, fertile soils, a benign climate. We have become recognised 
internationally as exporters of high quality foods and innovators in food production, storage and 
handling. The new discipline of nutrigenomics provides New Zealand with an opportunity to 
create a new high-value export-focused food sector.  

The New Zealand Foundation for Research, Science and Technology has recognised the 
potential for nutrigenomics to open up new business opportunities for innovative companies in 
the food industry. Their funding (Contract C02X0403:“Nutrigenomics: Tailoring New Zealand 
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foods to people’s genes”) is building up a skilled team of scientists that is unpicking the complex 
web of information around human genetic variation, food components and disease risk and 
providing the necessary capability to capitalise on this technology platform. Members of the 
NuNZ research team are drawn from three organisations: the University of Auckland, 
AgResearch and Plant & Food Research. The long-term strategic intent is to leverage the 
capability platform with industry and develop an entirely new export sector around `knowledge-
embedded’ foods with proven efficacy, tailored for people’s individual genotypes 
(i.e. personalised foods and personalised nutrition). 

There are now many other important diseases with known genetic risk factors but where there is 
additional input from the diet, that are the subject of nutrigenomic study; these include asthma, 
obesity, cardiovascular disease, some cancers (such as lung and gastrointestinal tract cancer), 
type II diabetes and neural tube defects. There is significant global commercial interest in the 
concept of delivering ‘personalised foods’, tailored to human genetic variation. Some 
multinationals such as Unilever and Danone have developed their own nutrigenomics research 
teams. The basic premise of personalised foods is likely to appeal to baby boomers and the 
‘worried well’ in general, i.e. people who are affluent enough to have the luxury of worrying 
about optimising their diet, rather than just securing enough calories. Major nutrigenomics 
research efforts are now established in Europe and the USA, as well as New Zealand. 
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2 Research and applications 
A search on the Web of Knowledge for review articles related to nutrigenomics identified some 
85 reviews, mostly written in the last 5 years. Key reviews define the technology and its 
implications (van der Werf et al. 2001; van Ommen & Stierum 2002; Muller & Kersten 2003; 
Kaput & Rodriguez 2004; Ordovas & Corella 2004; Joost et al. 2007; Kaput 2008). There has 
been a marked increase in the proportion of those reviews related to ethical issues around this 
emerging technology; and, most significantly, the speed with which commercial organisations 
have begun to offer disease risk, and associated diet and lifestyle advice, based on a very small 
number of known risk factor genes. 

NuNZ has established strong links with four international research teams: 

 Dr Jim Kaput, Director, Division of Personalized Nutrition and Medicine, FDA/National 
Center for Toxicological Research, Jefferson, Arizona. 

 Dr Ben van Ommen, TNO Nutrition and Food research, Zeist, Netherlands, is the overall 
co-ordinator of the European Union Strategic Initiative in Nutrigenomics, (NuGO). 

 Dr Ahmed El Sohemy is Assistant Professor, Department of Nutritional Sciences, 
University of Toronto, Canada, where he established a research programme in gene-diet 
interactions and holds the Canada Research Chair in Nutrigenomics.  

 Profs John Hesketh and John Mathers (Professor of Human Nutrition and Director of the 
Human Nutrition Research Centre at the University of Newcastle; Co-ordinator of the EU 
Framework 6 Integrated Network, NuGO) have visited our labs.  

2.1 The farm to fork value-chain 

Most applications of nutrigenomics will be in the production of personalised processed foods 
with ingredients selected to avoid triggering certain diet-related diseases associated with 
common genetic variants. There is also the potential for knowledge about particular 
phytochemical components to inform breeding programmes, leading to the development of 
differentiated fruit or vegetable varieties containing more or less of a particular compound. 

2.2 Progress in New Zealand 

Four key outputs were identified in a review at the completion of the first 4 years of the 
nutrigenomics programme: 

2.2.1 A nutrigenomics capability for New Zealand 

NuNZ has successfully developed a multi-disciplinary team that spans three collaborating 
organisations (AgResearch, Plant & Food Research and the University of Auckland). Within 
New Zealand NuNZ has contracts covering a collaboration with the Canterbury IBD Research 
Group, Canterbury District Health Board (which provides access to clinical information and DNA 
of people with IBD and controls); and with the Krissansen Lab, University of Auckland (for 
confidential access to clinical information and DNA for people with Crohn's disease, and 
allowing NuNZ to conduct a food preference survey). NuNZ also has agreements with Auckland 
IBD Research Group, Auckland District Health Board (providing access to clinical info, DNA, 
and food preference data for additional people with Crohn’s Disease), and with Auckland 
Paediatric Gastroenterologists, Auckland District Health Board (providing access to clinical 
information, DNA, and food preferences of paediatric cases of people with Crohn’s  Disease).   
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2.2.2 Human capability development 

Training of New Zealanders is a key role expected of this programme, and NuNZ has had a 
major impact on training the next generation of nutrigenomics scientists. In 4 years NuNZ has 
mentored or is still mentoring nine Postdoctoral Fellows, including two FRST Postdoctoral 
Fellows, five PhD Students, five MSc Students, one Honours Student, one Diploma Student and 
two Intern Students.  

2.2.3 Engagement with end users 

NuNZ has been proactive in paving the way for future uptake of nutrigenomic food concepts by 
the food industry, as well as preparing for the necessary acceptance of these concepts by 
health professionals, regulators and the public. This has been achieved through food industry 
workshops, public events such as ‘Hot Science with Kim Hill’, community and health 
professional talks by the leading researchers and the publication of an industry-oriented 
newsletter. 

2.2.4 Creating an Asia-Pacific nutrigenomics network and other scientific linkages 
with international groups 

Our initial contacts in the nutrigenomics field, plus a burgeoning international literature that 
emphasised the need for large population numbers for statistically significant studies, led the 
four Objective Leaders in NuNZ to become part of a collaborative manuscript making a case for 
strategic alliances in the field [29]. We have worked to put these principles into practice 
wherever possible. As well as having an increasing presence in the international literature, we 
have been key players in establishing a series of international nutrigenomics conferences based 
in the Asia-Pacific region; New Zealand hosted the first in 2006 and will host the fifth in 2010. 

The first tranche of funding runs out in September 2010, but the programme has agreement to 
enter negotiation rather than the contestable route for renewed funding at the same level for a 
further 4 years. 
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3 Issues 

3.1 Regulatory 

There is no agreement on how to label foods optimised for specific genetic risks; currently, 
‘gluten-free’ or ‘lactose-free’ or ‘may contain traces of nuts’, etc., are (arguably) simple versions 
of nutrigenomic labels, indicating something of importance about the food to interested sub-
groups of the general population. 

3.2 Health  

There is a mistaken assumption that optimal health can be guaranteed by eating the best diet 
for your genetic risk factors. The factors are only risk factors, and with the best choices in the 
world you may still contract the disease you are concerned about (or a different disease). One 
more desirable output from nutrigenomics research may be improved generic dietary advice 
emerging from better nutrigenomic knowledge (Bergmann et al. 2008). Komduur et al. (2009) go 
further and suggest that by focusing attention on a reductionist approach to quantifiable health 
risks and disease susceptibility, nutrigenomics may be contributing to ‘healthism’ and health 
anxiety. 

3.3 Environmental 

There do not appear to be specific implications of nutrigenomics for environmental issues, 
beyond the normal issues of modern agricultural production, storage and handling throughout 
the export supply chain. 

3.4 Ethical 

There are always new moral and ethical issues that arise as new knowledge is uncovered.  
There are already a number of resources accessible over the internet to provide background 
principles: 

 The European Nutrigenomics Organisation (NuGO) has a bioethics guideline tool that 
establishes certain important principles: informed consent, management of biobanks; use 
and exchange of data and samples. 

 Clinical Laboratory Improvement Amendments in US establish quality standards for the 
accuracy and reliability of tests 

 United Nations: International Declaration on Human Genetic Data, 2003 (IDGHD). This 
covers the collection, storage and use of human genetic and proteomic data; the principle 
of prior, free, informed, express consent; and a requirement for the obligatory provision of 
genetic counselling when providing information based on genetic data. 

Ethics does not in general provide answers to moral issues; but a sound ethics framework can 
help to ask the right questions. Some common ethical questions relating to nutrigenomics 
include: 

This is expensive research of unknown significance: would it not be better to invest in alleviating 
poverty? Who will benefit from research: only the rich who can afford genotype-specific advice?  
And then only in rich countries that can provide genotype x diet data, and where genotype-
specific foodstuffs may be available? There is some scepticism that nutrigenomics will genuinely 
modify an individual’s susceptibility to a chronic disease; and several countries have now begun 
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large-scale nutrition intervention trials (USA, Israel, Spain and France) to test the concept 
(Subbiah 2008). 

Nutrigenomics research, in common with all work involving human genetic data, has a very 
special status, because of its impact that may extend over many generations. Indeed this issue 
alone provoked a debate with a Māori representative at a bioethics workshop. I inadvertently 
used the term ‘my genetic data’, and was instantly challenged: since I share a large proportion 
of that genetic information with my parents and offspring, and a smaller proportion with more 
distant relatives, how can I call it ‘my’ genetic data? Do I need everyone else’s permission 
before I seek to know more about the genetic data that I am carrying? Who ‘owns’, and who can 
use, information about the genetic data identified for an individual? The IDGHD has determined 
that everyone has a right to decide not to be informed about their genetic data. Set against that 
is a conventional ethical expectation: if information gathered for one purpose reveals “serious 
and imminent risk of harm” there is an implicit responsibility to pass the information on to others 
who may share that genetic material. 

Delivering nutrigenomic information and advice to the public raises more specific issues.  
People are notoriously bad at calculating risk; we tend to be overly worried about remote 
possibilities we don’t control (e.g. harm from genetic engineering or spray residue), but almost 
blind to those risks we can moderate by adjusting our behaviour, e.g. smoking or drink-driving.  
By discovering something about our risk factors for health or disease states are we 
unnecessarily putting at risk our future happiness? Given the present very limited set of genetic 
risk factors that are reasonably well understood, is there a risk of ‘Lifestyle impoverishment’; a 
risk-based prognosis may be inaccurate and lead to you selecting an unnecessarily restrictive 
diet. The US Government Accountability Office has already determined that nutrigenetic testing 
can mislead consumers, given that recommendations at that time were based on fewer than 20 
risk-factor SNPs (US GAO 2006). 

As mentioned above, IDGHD establishes the principle that genetic data should be made 
available to an individual only by a trained genetic counsellor. This advice is already being 
provided by counsellors over the web in response to internet sales; is this as effective as a face-
to-face appointment (Castle & Ries 2007; Ries & Castle 2008)? 

Health professionals are struggling to keep up with the advances in genetic knowledge; what 
proportion of time and resources should be set aside for training health professionals in the 
principles and limitations of nutrigenomics? On the positive side, nutrigenomics provides firm 
evidence of the opportunity for epigenetic and environmental factors to modify gene expression, 
and provides a useful counter-balance to the prevailing reductionist, drug-oriented paradigm 
(Genuis 2008). It is good to see deliberate attempts to make the emerging knowledge available 
to nutritional professionals (Trujillo et al. 2006). 

There are a set of insurance or employee liability-related ethical issues that arise from 
knowledge about genetic risk factors. The IDGHD has already established that genetic data 
should “not be made accessible to third parties … employers, insurance companies, 
educational institutions and the family”. Nevertheless, is it not likely that over time insurance 
premiums will be adjusted in the light of your genetic risk profile? Will your employer want to 
know your genetic predisposition to disease?  If there is an appropriate diet available to prevent 
the development of a disease, should you be punished for failing to adhere to that diet? This is 
already an issue for the health costs of chronic smokers.   

Who will produce nutrigenomic foods: and at what price? If they are suitable for only a small 
number of consumers, will the cost be exorbitant? Should a company that offers genetic 
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screening also be allowed to sell proprietary nutrigenomic products based on the information it 
hands out? Will proprietary nutrigenomic foods be developed for all disorders, or only those with 
a potentially profitable market niche? Would it be more appropriate to ensure nutrigenomic 
research leads to the provision of information about how diet can be used to reduce the risk of 
common, polygenic diseases (Bergmann et al. 2008)? 

3.5 Risk and impact management 

Ozdemir et al. (2009) express concern at the piecemeal development of nutrigenomic 
knowledge and the lack of a legislative, multidisciplinary oversight body independent of the 
stakeholders presently driving the research and its application in genetic screening. Consumer 
acceptance of innovations is believed to depend on ‘distal’ factors (such as the nature of the 
innovation itself and the society in which it is implemented), and ‘proximal’ factors (such as the 
perceived cost-benefit of the innovation, or perceptions of its risk); a good case study of 
nutrigenomics has been published describing how an analytical framework can be developed 
and applied to disruptive innovations such as nutrigenomics (Ronteltap et al. 2007). The 
engagement of researchers in the New Zealand nutrigenomics programme with community 
groups and clinical professionals is admirable, but needs to reach a wider audience. If this 
present research programme can facilitate informed debate around the potential risks and 
benefits from nutrigenomic knowledge it will definitely be useful. 
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4 Summary 
Nutrigenomics has the potential to deliver a new, high-value food industry sector aimed at 
delivering knowledge primarily to the ‘worried well’. There is also an opportunity for 
nutrigenomic knowledge to lead to broader, population-based benefits in terms of the 
importance of diet and lifestyle choices in reducing disease risk. The community needs to be 
given the opportunity to consider the value of the likely benefits and the accompanying risks in 
terms of the opportunity cost of the research and the potential for misinterpretation or abuse of 
the resulting information. 
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