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The unravelling of the human genome has the potential to radically extend many of the
strategies used in public health nutrition to improve health and to increase food availability,
accessibility and utilization. The present paper divides nutrigenomics into two broad but
differing areas in asking about possible public health applications: (1) the increasing mismatch
between population growth and global food security, on top of the already approximately 800
million of the world population who are food insecure; (2) possible responses to the rising
prevalence of non-communicable diseases as the Western diet becomes increasingly
inappropriate to the needs of those consuming it. It is clear that complex interactions of
multiple polymorphisms play a role in how individuals and sub-populations respond to dietary
interventions. All these applications present public health and ethical challenges, particularly in
ensuring that any benefits that do come from nutrigenomics are not restricted to the wealthy
minority of only the affluent nations. The present paper concludes that the public health
applications of nutrigenomics are probably at least a decade away, especially for developing
countries. Clinical applications are likely to be more immediate, probably resulting in ‘designer
diets’ for individuals with particular polymorphisms, but unless governments take on the role of
ensuring some extent of equity in access, any benefits are most likely to go to those who can
afford the screening, tests and treatment. At the same time, greatly increased international
efforts are needed towards the continuing, and in some cases worsening, global malnutrition, as
genetic manipulation of crops is unlikely to provide more than part of the solution.

GM organisms: Micronutrients: Non-communicable diseases: Nutrigenomics:
Public health nutrition

Public health nutrition aims to develop ‘population-based
strategies to promote good health through healthy diets’
(Mensink & Plat, 2002). This guiding principle has been
recognized for at least 50 years, since Keys et al. (1965)
recognized that ‘. . . responsiveness to change in the diet
tends to be related to the intrinsic characteristics of the
individual’, and has been accepted community wisdom for
very much longer. Broadly speaking, public health nutri-
tion, among other objectives, seeks to reduce global and
household food insecurity, improve the quality of diets
and prevent and control nutritionally-related diseases. This
framework will be used here.

It has been acknowledged since the start of nutrition
science that individual variability is present and affects the
individual’s dietary and nutrient requirements, as well as

their nutritional status and hence health. For this reason
the RDA is the median and 2 SD (where these values are
known) and upper and lower ranges are often given, e.g.
upper tolerable levels of intakes, and these levels can vary
according to age, gender and ethnicity (Walter et al. 2001;
Karter, 2002). The unravelling of the human genome and
much of the work on the genetics of man, and the human
food supply and diseases may assist in addressing individ-
ual variability, or may just make it even more complex,
e.g. as the extent of this variability is increasingly under-
stood through the identification of increasing numbers
of genetic polymorphisms (Krauss, 2000; Stover & Garza,
2002a). New paradigms for addressing chronic diseases
as being caused by gene instability are already being pro-
posed, especially with the increasing longevity of most
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populations (Fenech, 2003). These paradigms would
have nutritional consequences in terms of recommended
increased intakes of some micronutrients and other dietary
recommendations, and will affect how individuals access
health care, especially in terms of nutritionally-related
diseases that have a clear genetic component in their aeti-
ology (Simopoulos, 2002; Kavalier & Kent, 2003).

From a utilitarian point of view, the ethical basis on
which much of public health is implicitly based, effective
public health nutrition interventions generally rely on the
notion of the greatest good for the greatest number of
the population (Beauchamp & Childress, 1994). Some inter-
ventions appear to be safe across a whole range of popu-
lations and there is little argument against their use,
although cost-effectiveness must be sufficiently positive, or
to be seen as such, in order to continue to convince health
policymakers that the investment and the rewards are
appropriate. One of the burdens that public health nutrition
interventions have to bear is that they are never completed.
For example, even if elimination of the iodine-deficiency
disorders is declared and documented, it relies on
susceptible populations living in the same endemically
iodine-deficient environments continuing to receive iodine
indefinitely (most often through fortified salt), or at least
until a better system of ensuring adequate iodine nutrition
is found (Andersson et al. 2004). Genetic manipulation
could conceivably, at some future date, help to improve the
sustainability of some public health nutrition interventions
(Stover & Garza, 2002b) by addressing the physiological
needs of individuals in susceptible populations, or by
changing the disease environment.

The present paper looks at the public health ramifi-
cations of the nutrition and gene interface of nutrigenomics.
At present, there are two dominant areas of investigation
in nutrigenomics, relating to impact on: (1) global and
household food insecurity; (2) improved prevention and
management of nutritionally-related non-communicable
diseases.

In discussing the first area of investigation, food security
and genetic manipulation of crops and foods to improve
the diets of populations, two broad strands will be used
as examples: (1) reducing global and household food
insecurity by using biotechnology, particularly looking at
increasing the yields of cereal crops and other staples by
genetic manipulation of foods (GM foods or organisms);
(2) improving the quality of diets, especially of popu-
lations living in poverty, by increasing the content and
bioavailability of micronutrients. The latter particularly
concerns the micronutrients of most public health interest,
such as Fe, Zn, folate and vitamin A, and can be achieved
by improving accessibility and availability through plant
breeding, fortification and supplementation. The impli-
cations of both broad approaches will be examined.

In relation to the second area of investigation the present
paper will discuss: (a) the global epidemic of chronic
(or non-communicable) diseases, looking particularly at
susceptibility to changing diets and exercise patterns that
are leading to over half some adult national populations
being overweight and obese; (b) population variation in
response to diet and what this variation might mean for
population-level public health recommendations.

The implications of both factors for public health
nutrition practice will be addressed. Little attention will
be paid to the manipulation and development of novel
or functional foods, although progress in this area may
eventually have important public health implications for
the prevention and management of some chronic diseases
(Simopoulos, 2002; Wahlqvist, 2002).

The ultimate question being addressed in the paper is
whether biotechnology and nutrigenomics will make an
important difference to the health of the public.

Reducing global and household food insecurity

There are many dimensions to improving household food
security beyond the simple provision of, and access to,
sufficient food at a community or societal level. In the
present paper, because of space constraints, attention is
focused on those issues that relate primarily to increasing
either the quantity or quality of the food supply. This focus
does not imply that food supply per se is the main con-
straint on households being able to achieve food security,
but this issue is bigger and beyond the scope of the present
paper. There is also a brief discussion of the manipulation
of plants to produce vaccines and other possible therapeu-
tic uses.

Improving crop yields (increasing quantity)

The 1960s were considered to be ‘a decade of despair’ in
relation to the world’s ability to cope with the food
population balance (Khush, 2001). Among dire, and not
unreasonable, predictions included: ‘in 15 years, the famines
will be catastrophic and revolution and social turmoil and
economic upheavals will sweep areas of Asia, Africa and
Latin America’ (Paddock & Paddock, 1967). However,
there was widespread adoption of ‘Green Revolution’
technology, so that whereas, between 1960 and 1990, the
population of low-income countries grew by 80%, food
production doubled (Khush, 2001). It also meant that in
1997, the average per capita food availability was 18%
greater than that in 1966.

The widespread adoption of the ‘Green Revolution’ was
facilitated by: (a) the development of new grain varieties
by plant breeding; (b) the development of irrigation
facilities; (c) the availability of inorganic fertilizers; (d)
generally facilitative government policies. The new rice
varieties produced 5–7 t unmilled rice/hectare v. 1–3
t/hectare for conventional varieties, and a six-fold increase
in wheat production in Asia (Khush, 2001). The proportion
of the population of the developing world that was
malnourished fell from 46.5% to 31% between 1965 and
1995 (ACC/SCN, 2000). The increase in the per capita
availability and decreased cost of production led to a
decrease in the real price of rice and wheat.

In the 1990s there was continued population growth, a
drastic slowdown in the expansion of cereal production,
a reduction in other crops (e.g. legumes and coarse grains)
and changing food habits, such as increased consumption
of animal foods and fruits and vegetables. At the same
time there was increasing recognition of environmental
damage and constraints, such as the marginalization of
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less-productive lands, water and salination, and damage
from excessive fertilization. In the Indian sub-continent
over half the children <5 years of age continue to be
malnourished, while in sub-Saharan Africa the situation is
actually deteriorating (ACC/SCN, 2000).

Clearly, there was a need for the next ‘Green Revolu-
tion’; perhaps the new tools of genetically modifying foods
were to be the answer. At the same time, there was con-
tinued research and development on the genetic improve-
ment of crop cultivars to increase yields (by modification
of plant types, hybridization e.g. with wild strains and
increasing attention to genetic stability and tolerance to
environmental stress) by conventional, and effective,
methods (Welch & Graham, 2000; Bouis, 2002b). This
improvement programme has continued, despite ever
decreasing public expenditure on research and develop-
ment (Pinstrup-Andersen, 2000). It was also recognized
that there was a need to revise management strategies that
addressed such areas as production inputs (water and
nutrients) and their real costs, including environmental
costs of non-renewable resources. A further avenue was to
decrease losses by, for example, integrated pest manage-
ment and reducing post-harvest losses, and there was a
need for responsible government policies and an under-
standing of a controlled role for the private sector.

However, there were other consequences and realiza-
tions, probably the main one being that there are limits to
expanding food supplies, at least using such tools, dramatic
though the results had been. Further advances are possible,
such as in ‘biofortification’, double cropping, inter-crop-
ping and biotechnology (Bouis et al. 2002; Khush, 2002).
However, there are still ecological and environmental
constraints in terms of fertilizer use, farming of marginal
lands and social issues of whether the very poor receive
their share of the improved yields. There were also
nutritional consequences as the new grain crops displaced
legumes and other contributors to dietary adequacy in poor
diets (Haddad, 2000).

Consequently, much hope is being held in the promise
of genetic manipulation of plants and animals to make the
next great leap forward. Further increases in crop output
globally will come from increased land under cultivation
(especially land previously unsuitable because of trace
element deficiencies, high salinity or being too dry),
increasing crop yields through genetic modification (either
by plant breeding or by introducing genetic material from
another organism that will increase yields) and by decreas-
ing post-harvest losses. These factors would all increase
availability, although this increase would be taking place
against a background of increasing amounts of grain being
used for animal feed. Increasing accessibility, especially to
poorer populations, would also have to take place, even if
crop yields do markedly increase.

However, there are almost certainly limits and raising
world cropland productivity is becoming more difficult
(Brown, 2001). As Brown (2001) has pointed out, the
heart of the effort, as plant breeders dramatically boosted
the genetic yield potential of wheat, rice and maize, was
an increase in the share of the plant’s photosynthate,
the product of photosynthesis, going to the seed. The
theoretical upper limit is estimated at 60% (v. 20% for

originally domesticated wheat, which rose to ‡50% in
improved varieties) since the plant’s roots, stem and leaves
also require photosynthate (Brown, 2001). This estimate
suggests a potential limit for higher-yielding grains and
perhaps other staples, although they have been less
exploited for their potential than the three main grain
staples.

A further issue, besides macronutrient increases, is the
profitability of new crops, which will not be taken up by
small subsistence farmers (or large farmers for that matter)
if the nutritionally-enhanced crop is not as viable or prof-
itable as the crop it is replacing. Thus, genetic modification
is not only used to increase the nutritional quality of plants
and food (in fact, it is far less commonly used for this
purpose), but more commonly it is used to achieve a
desirable commercial quality, e.g. ‘switching off’ the gene
that is responsible for fruit softening, or ‘switching on’ the
gene that makes a plant resistant to a pest (Food Standards
Agency, 2003). It is worthwhile remembering in this
debate on GM foods that foods widely available in the UK
at present, such as ‘calrose 76’ rice, ‘alamo-X’ oats and
‘golden promise’ barley, were all produced for different
qualities, such as shorter stalks, resistance to blight and
higher yields with good malting qualities respectively, by
irradiation using g or x rays (Food Standards Agency,
2003).

The important issue, however, is just how much will
genetic modification actually help to close the hunger
gap. Genetic manipulation (through conventional breeding
methods) helped the developing world in the 1970s, but
even with GM foods it is argued that there is a limited
extent to which yields can continue to be greatly expanded
(Brown, 2001). For example, the genetically-enhanced
potato developed in India by implanting a gene from the
amaranth plant (a traditional, widely-eaten food) has a
40% higher protein content, which actually translates into
28 g protein/kg, an incremental increase on usual potatoes
that is unlikely to lead to any marked impact on health
(Murdur, 2003). However, it has been pointed out that
potatoes are eaten by the very poor and therefore any
increase is welcome.

It is apparently more likely that the advances will be
in increasing the negative terrains in which crops can
be grown, such as dry, high-saline and generally more
marginal lands, but even this strategy will have environ-
mental and ecological consequences, and already limits are
apparent. Between 1950 and 1981 the area in grain
expanded from 587 · 106 hectares to its historical peak of
732 · 106 hectares and by 2000 had fallen to 656 · 106

hectares, as a result of a combination of poor farming
practices on marginal lands, encroachment by urban areas
and economic failures (Larsen, 2003). Half the world’s
annual population growth of seventy-seven million occurs
in just six countries, Bangladesh, China, India, Indonesia,
Nigeria and Pakistan. Each of these nations faces a steady
shrinkage of grain land per capita and will, therefore, be
heavily dependent on future grain imports. In countries
that already have heavy levels of undernutrition, it is
unclear whether they will be able to import all that is
needed, or that global grain markets will actually be able
to meet their added demands (Larsen, 2003).
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Projects in their early stages include: the development of
a tomato plant variety that will grow in soil containing
high levels of salt; the removal of a trigger protein for
an allergy from rice; the protection of plants from mould
(Food Standards Agency, 2003); all of which are worth-
while, but none of them is likely to make a substantial
impact on relieving the world’s hunger. Virtually none of
the current global commercial GM crop developments are
being directed towards alleviating hunger in the poorer
parts of the world. Increased yields of soyabean (51%
GM), maize (9% GM), cotton (20% GM) and oilseed rape
(11% GM; data from Food Standards Agency, 2003) are
not likely to contribute much, as most of the maize will go
to animal feed, the soyabean crops to processed foods and
the cotton is, if anything, likely to have a negative impact
on the economics of the Third World, e.g. in West Africa
(Toumani Touré & Compaoré, 2003). However, maize,
soyabean and oilseed are the major sources of energy and
protein for UK livestock (Food Standards Agency, 2003),
as they are for many other industrialized countries,
especially the USA.

The implications are, in essence, that while biotechnol-
ogy is often cited as a potential source of higher yields,
biotechnologists have been engineering new plant varieties
for two decades and they have yet to produce a single
variety of the three major grains (wheat, rice and maize)
that could dramatically increase yields (Brown, 2001). It is
suggested this lack of success is because the conventional
plant breeders have already made most of the possible
improvements in terms of plant structure to raise yields.
However, where pest resistance has been an important part
of the genetic modification, along with other factors such
as protection from a specific herbicide, then economies
of scale prevail. In the USA, where 30% of the maize is
GM, and other countries, e.g. Argentina where 90% of
the soyabean crop is GM, increased yields, and therefore
increased profits, are being made. It is suggested, therefore,
that most of the contribution of biotechnology is likely
to come from developing crop varieties that reduce insecti-
cide use, are more drought tolerant or more salt tolerant
(Brown, 2001). The potential for plant breeding is that it
could, if successful, reach out to the most remote farming
communities and could also increase productivity, particu-
larly in trace mineral-deficient soils in arid areas, and that
it is cost-effective and sustainable (Bouis, 2002a). How-
ever, given the priorities mentioned earlier and seed macro-
nutrient potential, current biotechnological approaches to
genetic manipulation seem unlikely to play a major role
in reducing global food insecurity. A possible exception
might be if a drought-resistant food crop becomes well
established over large parts of Africa.

Improving quality of diets

If there appears to be a more limited role for biotechnology
in expanding yields than has been hoped, improving the
quality of diets may hold more promise (Bouis et al. 2002;
Khush, 2002). The micronutrient content of diets, in
particular, could be improved, as deficiencies in quality,
even more so than quantity, are more likely to occur in the
diets of those living in poverty. There are four recognized

broad approaches to reducing micronutrient malnutrition,
a problem affecting at least two billion of the world’s
population: (1) increasing dietary diversity through
improved micronutrient availability, knowledge and acces-
sibility; (2) improving access through fortification; (3)
increasing intakes through supplementation; (4) supportive
public health measures (such as the promotion of breast-
feeding), social policies (such as poverty alleviation)
and social factors (such as reducing the disease burden;
Darnton-Hill, 1998). The present paper focuses primarily
on reviewing attempts to increase dietary diversity.

Increasing dietary diversity. In order to increase die-
tary diversity, micronutrient availability, accessibility and
utilization and the reduction of losses all need to be
improved. Some interventions will address more than one
of these factors. Here the focus is on research that has
attempted to increase the micronutrient content of staple
foods by genetic enhancement. In order to improve house-
hold food security in the poorest families, it is necessary
to consider the main food sources for this sector and the
potential for improvement in these staple crops. The four
main methods of achieving this improvement are to: (1)
increase minerals and vitamins in the staple food by
conventional plant breeding; (2) increase minerals and
vitamins by the introduction of genes that code for trace
element-binding proteins, by over-expression of storage
proteins already present or increased expression of proteins
that are responsible for trace element and micronutrient
uptake into the plants; (3) decrease the levels of inhibitors
or anti-nutrients that inhibit bioavailability, such as
phytates; (4) increase enhancing compounds that increase
bioavailability such as ascorbic acid or citric acid
(Lonnerdal, 2003).

The potential for ‘biofortification’ is apparent from the
example of existing germplasm varieties that have been
identified as having Fe concentrations ranging from 6 to
24mg/kg and Zn concentrations of 15–58mg/kg (Bouis,
2002b). Physical attributes that can be useful are modifi-
cations to tall, traditional and low-yielding varieties (to
improve yields), reducing the effect of milling (to reduce
losses of Fe, thiamin and other B-vitamins), and emphasiz-
ing the grain as opposed to other parts of the plant (which
of course must still be able to support the grain) in order
to increase the levels of micronutrients in the grain.
Increased micronutrient content has been described in
cereals, legumes and tubers; for example, rice and legumes
selected for increased Fe, carrots and sweet potatoes for
b-carotene and maize with reduced phytate and increased
Fe and Zn absorption (Bouis, 2002b). For vitamin A, four
new enzymes were introduced from the daffodil (Narcissus
pseudonarcissus) and Erwinia uredovora to produce
b-carotene in the rice grain where it did not exist before
to produce ‘golden rice’. Wheat, cassava, sweet potato and
maize have all been successfully genetically manipulated
to increase b-carotene, as have rice and maize to contain
high ferritin content, although the efficacy and effective-
ness of these approaches still needs to be demonstrated
(Lonnerdal, 2003). The potential for improving carotene,
Fe and Zn content in maize and cassava genotypes through
plant breeding has been established (Maziya-Dixon et al.
2000).
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The increased micronutrient content may also improve
accessibility to the poor by reducing costs, as many of these
higher-micronutrient grains have also shown improved
yields (Bouis, 2002a), and by decreasing inputs, e.g.
herbicides and amount of fertilizers. Biofortification has
been explicitly cited as improving accessibility, e.g. to poor
and remote farming areas where fortified processed foods
may not reach (Bouis, 2002a). However, even most of the
groups involved in promoting these approaches consider that
no single intervention will solve the problem of micro-
nutrient malnutrition (Bouis, 2002b; Lonnerdal, 2003). The
reason is partly that biofortification of staple foods cannot
deliver as high a level of minerals and vitamins as
supplementation or industrially-fortified foods. Other rea-
sons include the observation that enzymes genetically
introduced to reduce phytate, e.g. microbial phytases (e.g.
from Aspergillus fumigatus) introduced into wheat and rice,
were inactivated by boiling and cooking temperatures
(Lonnerdal, 2003). Even increasing the levels of expression
of trace element-binding proteins, so that more atoms of
trace element are bound per protein molecule, has not
necessarily been the solution. For example, the introduction
of human lactoferrin into rice to bind Fe increased the
Fe content by ‡120%, but it is still unlikely to provide
substantial dietary Fe; a similar outcome was found when
ferritin from Phaseolus vulgaris was introduced into rice
(Lonnerdal, 2003). Sometimes the micronutrient-binding
protein is not where it would be most useful, e.g.
leghaemoglobin is present in the root nodules of legumes,
but when introduced from soyabeans into potatoes there was
reduced growth of the potato tuber and reduced production
(Lonnerdal, 2003). Various dietary ligands can enhance
micronutrient absorption, e.g. cysteine or cysteine-rich
peptides increase Fe absorption and histidine facilitates Zn
absorption. Inserting a gene for a rice metallothionine-like
protein that contains a large number of cysteine residues has
potential, but the long-term effects are not known. Further-
more, Lonnerdal (2003) cautions about the possibility that
high-level expression of metal-binding proteins may lead to
accumulation of toxic metal ions.

Nevertheless, for poor populations food staple consump-
tion so dominates diets that primary food staples can
provide 40–55% of the total Fe intake in lower-income
households. While doubling the existing low levels of a
particular micronutrient would certainly help, it has been
calculated that in Bangladesh it would reduce rates of
anaemia among the women in lower-income households
by only 3–6% (Bouis, 2002b). Although this improvement
is modest, the simulation estimated that it would mean
that forty-four million cases of anaemia per year could be
prevented in Bangladesh and India if 10% of total rice crop
were to comprise the newly-biofortified varieties (Bhargava
et al. 2001). This outcome represents a benefit :cost of
19:1, and if expected benefits of higher agricultural
productivity are factored in it would be 79:1. Calculations
for the adoption of ‘golden rice’ are that it might increase
total provitamin A by 23–26% of the requirements for adult
women and preschool children (or £80% if bioconverted
at more efficient rates, as might be the case because of the
physical characteristics of the rice endosperm; Bouis,
2002b).

The implications are that ‘significant advances will be
made in the near future with regard to establishing GM
foods with increased contents of trace elements and
optimized composition of enhancers and inhibitors of
trace elements’ (Lonnerdal, 2003). However, the author
goes on to caution that much further research is needed
to prove that this approach will lead to healthy plants and
that the micronutrient status will be markedly improved in
consuming populations, as well as needing to resolve the
social issues of property rights, economic implications
(such as not being able to export to the EU market) and
acceptability and safety issues. The time frame is not
expected to be anything less than another decade for both
conventional plant breeding and GM staples.

GM plants and animals to produce vaccines and
medicines. While much of the controversy has been
about plants as food and the genetic manipulation of them,
there is also the extraordinary area of manipulating plants
to produce vaccines and other possible medicines. In
the area of pharmaceutical production there are already
preliminary results on vaccines from fruit and vegetables,
maize that will benefit cystic fibrosis sufferers etc. At
Thomas Jefferson University genetically-engineered tobac-
co mosaic virus has been inserted into spinach (Spinacia
oleracea) plants, instructing the plant to manufacture
fragments of protective antigen of Bacillus anthracis,
which is needed to develop anthrax vaccine (Crop Biotech
Net, 2003b). Whether this development is seen as an
amazing opportunity or a sin against nature is a matter of
individual perspective, but a perspective that seems to be
becoming more polarized.

Currently, infectious diseases seem a less fertile area,
except in the development of novel ways of delivering
vaccines through GM foods. The contribution of under-
nutrition to infectious disease mortality has again been
demonstrated in a recent article by Black et al. (2003),
showing it to be a major cause of mortality, with food-
borne diseases remaining the major cause of diarrhoeal
morbidity and mortality throughout the world, especially
as the pathogens continue to evolve. The genomic
sequences of approximately ninety bacterial genomes,
including several food-borne pathogens, have been identi-
fied and should give useful insights into possible preven-
tion and treatment options (Wells & Bennik, 2003). Such
techniques have also highlighted the extent of genetic
diversity among many food-borne bacterial pathogens
(Wells & Bennik, 2003). Genes from rice have been
inserted in an East African cooking banana, matooke, to
give it resistance to nematodes, with potential implications
for human health.

Implications

It is clear that the quality of diets or increased intakes of
micronutrients can be achieved through a variety of public
health and therapeutic measures. There has already been
considerable success both in reducing undernutrition
(although not in sub-Saharan Africa) and in reducing
micronutrient malnutrition (although not Fe-deficiency
anaemia). The role of nutrigenomics in maintaining and
improving on this success is likely to be modest but
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helpful. ‘Biofortification’ has promise, especially to reach
outlying farming communities, or if a staple with markedly
more Fe and Zn, increased enhancers or decreased phytates
or other inhibitors becomes the new staple variety for a
particular population. GM grains and other staples such
as roots and tubers show promise, but progress has been
slow to this point, in terms of possibilities for scaling up.
Targetted manipulation of the food supply by the
introduction of GM traditional and novel foods has been
claimed to have the potential to replace nutritional
supplements and/or fortification approaches (Stover &
Garza, 2002a).

In terms of safety and ethical issues, (AA Jackson,
personal communication) has noted that ‘the standard
studies which might be expected to be carried out to
demonstrate the nutritional safety of these (GM organisms)
products for animal and human consumption have not
been carried out’ and furthermore ‘do not provide
sufficient evidence that these products are safe for
consumption in the nutritionally vulnerable over extended
periods of time’. Others, including the US and some other
governments, would not agree, citing over a decade of US
populations eating GM-derived products. Nevertheless,
reservations remain strong in consumer groups, environ-
mental groups and many scientists about GM foods
(Rowland, 2002) but with a very marked trans-Atlantic
divide, reflecting different views of risk and the role of
government (Darnton-Hill et al. 2002; Finucane, 2002).
This divide is reflected in the opinion that would appear to
be that of a majority of Europeans. The UK government
recently undertook a 6-week nationwide public debate on
GM food that effectively maintained the status quo
(against expanding the role of GM foods in the British
diet).

From a developing country perspective, much of the
discussion seems to be one of wishing not to be bullied
into decisions, one way or the other. It has also been noted
that much of the discussion has been undertaken out-
side the developing countries (Finucane, 2002). A report
from the Nuffield Council on Bioethics is reported as saying
that GM crops could help small-scale farmers in develop-
ing countries: ‘GM crops will not eliminate the need for
economic, political or social change, or that they will feed
the world. However . . . (such) technology could make
a useful contribution, in appropriate circumstances, to
improving agriculture and the livelihood of poor farmers
in developing countries’ (see Crop Biotech Net, 2003a).
An important recent controversy followed when the UN
World Food Programme was given food relief supplies
from the USA, which contained GM grain. Many African
countries of South and East Africa felt they were being
forced to take it because of the ongoing famine, despite
existing legislation or ongoing in-country discussions on
the acceptability of GM foods, and potential retribution by
importing countries in Europe. As it happened, much of
grain was milled in-country, which then meant it could be
fortified. On the other side, the African Biotechnology
Stakeholders Forum has recently stated, in response to
draft legislation on zero tolerance levels for the unintended
presence of GM material in non-GM agricultural and food
products, that as much as they ‘acknowledge the EU

concern . . . African farmers should be given a chance of
choice on the technologies available’ (Crop Biotech Net,
2003c). AA Jackson (personal communication) also noted
that apparently no studies have been carried out on the
safety of GM foods in animals of poor nutritional status,
and it would be unethical to undertake such studies in
human populations (although a major population experi-
ment has been taking place for some years in US
populations, without apparent harm).

Improved prevention and management of
nutritionally-related disease

This section briefly examines the role of genetics in
obesity and the non-communicable diseases, especially
in light of the emerging global epidemic. It then goes on
to look at the implications for prevention and management
of disease, including the options of dietary management by
modifying diets and/or recommendations for populations
and for individuals, and fortification, and very briefly
supplementation, as they apply to diseases not convention-
ally thought of as deficiency diseases. The present paper then
concludes with a discussion of the implications of these
approaches, including some ethical issues, and ends with
tentative conclusions for nutrigenomics and public health.

Genetic susceptibility, or resistance, to disease

The roles of the phenotype and the environment are widely
accepted, along with physical activity, as important in the
development of chronic disease. The role of the genotype
is better described in laboratory animals and better applied
in farm animals, but is clearly also a major influence in
human non-communicable diseases, including obesity.
Most of the earlier attention was given to rare Mendelian
single-gene diseases and the growth of the discipline of
genetic counselling (Haan, 2003). However, the diseases
emerging globally are the results of complex interactions of
an individual’s genetic makeup, their environment through-
out life, including before birth, and lifestyle in the broadest
sense (World Health Organization, 2002d; Darnton-Hill
et al. 2004). Social disadvantage, stress and inter-genera-
tional effects all play unquantified and varying roles. The
more complex diseases of nutritionally-related chronic
aetiology are likely to be very much less susceptible to
current methods of genetic counselling and intervention,
and thus raises the question of the role of public health
interventions. This situation is complicated further, and
aggravated, by the fact that polymorphisms may have
several phenotypic effects associated with disease (Davey
Smith et al. 2003).

The burden of chronic non-communicable diseases
is rapidly becoming larger worldwide and is also increas-
ingly affecting the developing world. By 2020, the global
burden of chronic diseases is expected to increase to 57%
of all disease, at enormous healthcare and other costs for
societies and governments (World Health Organization,
2002c). Already 79% of deaths attributable to non-com-
municable diseases are occurring in developing countries,
predominantly in middle-aged men (World Health Organi-
zation, 2002c).
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There has been an ongoing scientific discourse on the
contribution of the genotype to obesity, and the consensus
appears to be that susceptibility to obesity clearly has a
large genetic component and that some genotypes are at
greater risk when living in, or moving to, an obesogenic
environment (Allison et al. 2001). Obesity, in fact, is one
area in which the application of both genomic and
nutritional genomic approaches has already been highly
successful. It led to the identification, by positional
cloning, of the gene that in mutated form results in the
obesity of the ob/ob mouse (Zhang et al. 1994), which
in turn led to the discovery of the previously unknown
protein, leptin, and its receptors. Leptin provides a direct
signal from the adipose tissue to the brain and also led to
the identification of white adipose tissue as an endocrine
organ and not just the site of lipid storage. Mutations in
the leptin and receptor genes have subsequently been
shown to be associated with obesity in man, as have
polymorphisms in several unrelated genes (Trayhurn,
2003).

The current epidemic of obesity is a result of a com-
bination of factors (World Health Organization, 2002b,
2003), including a decrease in physical activity, as well as
an increasingly obesogenic environment with widespread
advertising, increased and round-the-clock availability of
high-energy high-fat foods, which are themselves of
increased serving sizes, and the ubiquity of soft drinks.
These trends are particularly seen in the USA, but similar
trends are showing up in most countries (Popkin, 2002).
The control of body weight and composition depends on
food intake, nutrient turnover and thermogenesis and body
fat stores, which all have complex feedback mechanisms
and are affected by susceptibility genes that in turn may
influence energy expenditure, fuel metabolism, muscle
fibre function and appetite or food preferences. Thus, the
picture is increasingly complex and something of a moving
target (Martinez, 2000). However, as the increasing rates
of obesity cannot be explained by shifting gene pools, it
seems likely that genetic variants that were previously
‘silent’ are now being triggered by the high availability of
energy and fat-dense foods and by the increasingly seden-
tary lifestyle of modern societies (Martinez, 2000). Indian
sub-continent populations, for instance, have an apparent
higher likelihood of CVD and diabetes at the same BMI
(Whincup et al. 2002; Yajnik, 2002), and it may be that
lower BMI (but with greater percentage fat) in several
Asian populations may represent an increased risk (World
Health Organization, 2004), but not in all Asian popula-
tions (Stevens & Nowicki, 2003).

There are two over-arching concerns. Given the ob-
served ethnic and geographical variation in chronic disease
prevalence, and risk factors such as serum lipoproteins,
as evidenced by differing frequencies of polymorphisms
(Saha et al. 1995), can populations of increased suscep-
tibility to the epidemic of chronic diseases be identified?
If so, can this knowledge help in preventing the epidemic
coming to these countries or, perhaps, knowing the genetic
susceptibility, help prepare for a major epidemic of chronic
diseases such as diabetes? One way of looking at this
problem might be to look at population variation in response
to diet.

Population variation in response to diet

Implicit in this discussion is the possible use of response to
dietary manipulations to obtain a particular effect, such as
reducing a risk factor, e.g. the role of nutrients in gene
expression such as PUFA suppressing fatty acid synthase
(mRNA) expression (Simopoulos, 2002). Wide inter-
individual variation in the lipid and lipoprotein responses
to dietary change has been observed and the existence of
consistent hypo- and hyper-responders supports the hypoth-
esis that responsiveness is related to genetic variation
(Ordovas, 2004). The heterogeneity in responsiveness to
changes in dietary fat, cholesterol and fibre is explained by
variations in genes, the products of which affect lipopro-
tein metabolism, e.g. apo, enzymes and receptors (Masson
et al. 2003). However, these effects are all likely to be
polygenic and will depend on the current BMI or amount
of fat and type of fats already existent, and even lifestyle.
For example, the effect of the variant allele e4 of apoE
on CHD risk does not appear unless the individual is also
a smoker (Talmud, 2004). In other examples, whether
some of the expected effects will be seen will depend on
the polymorphism. For example, subjects carrying the A
allele of a common genetic polymorphism that influences
the effect of dietary PUFA intake in HDL-cholesterol con-
centrations show an increase in HDL-cholesterol concen-
tration with increased intakes of PUFA, whereas those who
are homozygotes for the more common G allele have the
expected lowering of HDL-cholesterol levels as the intake
of PUFA increases (Ordovas, 2004).

Given the multiplicity of genes involved in key
metabolic pathways, it is likely that differences in groups
of genes, rather than in individual genes, are required to
generate major inter-individual differences in responsive-
ness to diet (Krauss, 2000). Genetic influences on LDL-
cholesterol concentrations represent a composite of effects
on lipoprotein production, intravascular metabolism and
plasma clearance and composition, each of which may
have multiple genetic influences. Variations in the genes
for apoA-1, apoA-IV, apoB and apoE all demonstrate
evidence of the heterogeneity in the lipid response to
dietary interventions (Masson et al. 2003).

While human diets have markedly evolved since their
origin, the human genome has only marginally changed.
Nevertheless, polymorphisms of common genes are wide-
spread, including those genes key to major disease risk
factors such as apo, LDL receptor, microsomal transfer
protein, fatty acid-binding protein, cholesteryl ester trans-
fer protein etc., and have been linked to variable responses
to diets (Vincent et al. 2002). As already noted, unlike
the rare and severe genetic defects that cause monogenic
diseases, the genetic factors that modulate the individual
susceptibility to multifactorial diseases (such as CVD,
cancers, diabetes, etc.) are common, functionally different,
forms of gene polymorphisms, which generally have a
modest effect at an individual level but, because of their
high frequency in the population, can be associated with a
high attributable risk (Tiret, 2002). It is also suggested that
most of the susceptibility genes for common diseases
do not have a primary aetiological role in predisposition to
disease, but rather act as response modifiers to exogenous
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factors such as stress, environment, disease and drug intake
(Tiret, 2002).

There are also the established ethnic and geographical
differences, e.g. throughout the various ethnic groups in
Singapore (Heng et al. 1997) and elsewhere (K Cruick-
shank, unpublished results), but there is a strong likelihood
that many of these predispositions only become apparent
when members of that particular ethnic population, or
subsets of it, become overweight, i.e. the effects are not
initiated until a certain BMI is reached. Thus, any rec-
ommendations will be a moving target depending on chang-
ing dietary composition, ethnicities, gender and changing
body masses as societies become heavier and eat more
‘Westernized’ diets.

However, Simopoulos (2002) has suggested that this very
variation and heterogeneity argues against general recom-
mendations. For example, increasing the PUFA content of
the diet to decrease plasma cholesterol level and the risk for
coronary artery disease is not appropriate for women with
the apoE3/2 phenotype, as such women stand to benefit
least from a high PUFA:saturated fatty acid diet because
of a reduction in the more ‘protective’ HDL-cholesterol,
whereas men of the apoE4/3 phenotype show the greatest
improvement in LDL-cholesterol :HDL-cholesterol (Simo-
poulos, 2002). Similarly, oat bran has been shown to
decrease serum cholesterol in some studies and not others,
and possibly only subjects with the apoE3/3 phenotype have
a response but not the apoE4/4 or apoE4/3 phenotypes.
Furthermore, the variant apoA-IV-1/2 decreases the
response of the plasma cholesterol concentration to dietary
cholesterol, and in the USA about one in seven of the
population is heterozygous (Simopoulos, 2002). In
the Dietary Approaches to Stop Hypertension study, those
subjects who responded by lowering their blood pressure
the most had the genotype AA, whereas those subjects with
the genotype GG responded the least (Svetkey et al. 2001).

Implications

Implications for prevention follow from the earlier-
mentioned current understanding of variability. While
clearly genetic variation is a component in the expression
of non-communicable diseases, physical activity, diet, the
larger environment and, possibly, the intra-uterine environ-
ment and later growth are also all important factors. Given
the time frame of the current epidemic of obesity and non-
communicable diseases, it is unlikely to represent genetic
shifts as the cause. Thus, changes in the environment
are the more likely causes, including physical expenditure
patterns. Where general guidelines have been issued for
the prevention of chronic diseases, the effects of genetic
variation on dietary response have not been considered,
despite acceptance that such is the case and that it is clear
not only that individuals are not predisposed to chronic
diseases to the same extent but that response to diet and
other interventions will also vary. Accordingly, M Gibney
and E Gibney (unpublished results) argue that population-
based dietary guidelines and RDA will not in fact change
much because of the relative infrequency of polymorph-
isms making a major difference to how a nutrient is utilized
or, if at a higher frequency, that it would have been, by

default, included in earlier recommendations. Thus, public
health recommendations are unlikely to be much changed,
except to make them more effective, where possible by
tailoring them to their audience to be culturally appropriate
and to reflect special risks and predisposition, e.g. diabetes
in many populations of transitional economies.

The divide between rich and poor countries will affect
the use of such approaches. However, the disease burden
of non-communicable disease will be greater in the
developing world than in the more industrialized world in
<20 years, which means more global solutions are needed.
However, the research efforts against growing obesity
prevalence seem at present to be aiming more at a pharma-
cological answer than the hard task of changing attitudes,
behaviours and, increasingly, obesogenic environments.

Implications for disease management were formulated
by Mensink & Plat (2002) when they described the inten-
tion of much of the genetic–nutrition interface research as
being to ‘obtain detailed information on the molecular and
metabolic responses of cells and tissues, or even the whole
organism, to dietary components (by addressing) the
interactions between diet and genetic background, and
between diet and different physiological and pathological
conditions . . .’

It will become easier, perhaps routine, suggests a UK
government report, to identify genetic predispositions
in family members at risk, and probably those at risk in
the population at large (Eaton, 2003), and may lead to
the development of novel foods targetted to individuals,
families and subgroups within populations (Simopoulos,
2002). While the approach will have to vary with national
dietary patterns and the national economy, the end may
be individualized prescriptions and genome-based diets.
However, in using nutrigenomics to develop foods with
helpful phytochemicals to prevent and to treat disease, it
has been noted that while nutritional genomics may be a
powerful approach for the limited number of plant
compounds that are also synthesized in other organisms
(e.g. vitamins), applying this approach to other phyto-
chemical pathways meets with obstacles because of the
extreme diversity and limited evolutionary distribution of
many phytochemicals (Dellapenna, 1999).

Supplementation of the diet with appropriate minerals
and vitamins could in some cases help overcome inherited
metabolic blocks in key DNA maintenance pathways
(Ames, 1998). It would be expected to be especially effec-
tive when a mutation (polymorphism) in a gene decreases
the binding affinity for its cofactor, resulting in a lower
reaction rate, e.g. the common mutation in the methylene-
tetrahydrofolate reductase gene and other genes in the
folate–methionine cycle in relation to developmental
defects and cancer (Stover & Garza, 2002b). Individuals
with a polymorphism such as an alanine to valine change
in the -9 position of manganese superoxide dismutase
appear to benefit more than control subjects from a higher
intake of fruit and vegetables and/or vitamin C in terms of
protection against breast cancer (Ambrosone et al. 1999),
While this finding would not affect recommendations on
eating more fruit and vegetables, it might mean their
doctor would encourage such individuals to do so more
actively.
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A long-term goal might be to provide personalized
dietary advice based on the predicted response to nutrients
derived from the genetic profiling of an individual
(Trayhurn, 2003). Fenech (2003) goes on to suggest the
future need for ‘Genome Health Clinics’, which among
other factors would test whether an individual’s genome
damage rate is suboptimal or optimal and would guide
both diagnosis and treatment. Whether individuals will
respond more to personal nutritional advice tailored to
their own genetic profile than to advice that is given
generally to the population as a whole is currently
unknown; although personal advice to quit smoking has
greater impact than more general messages.

Based on current information, therefore, it would appear
that there is still a long way to go in designing diets
for individuals, and even further for populations. If this
potential becomes a reality, as does seem likely in some
future time, it will not be cheap medicine, identifying
individuals at risk, screening them, designing diets etc. If
such interventions are not then to be the preserve only of
the rich, governments will need to intervene. The response
may well be different by country, e.g. in the USA it is
likely to remain the preserve of the affluent. In countries
with more equitable systems, the test will be how much
the system can support. However, if specific genotypes
are identified that would clearly benefit from a particular
diet, the pressure for screening will be strong. This
process, of course, already happens, e.g. in those identified
at birth with phenylketonuria, but not, it should be noted,
in poorer countries with very much smaller health system
resources.

Global implications

The 2002 World Health Report (World Health Organiza-
tion, 2002c) found that the top ten risk factors for global
disease burden include underweight children and mothers,
Fe deficiency, high blood pressure, high cholesterol and
obesity; other factors being, for example, vitamin A and
Zn deficiency in the developing world. Clearly, there is an
ethical imperative to address these top ten risk factors.
Similarly, there is a greater need to address global and
national inequities, including such areas as poor water,
sanitation and hygiene, and all the other results of poverty,
given the increasing consensus (typified most clearly by
the adoption of the Millennium Development Goals listed
in the United Nations (2000) Millennium Declaration)
that a marked improvement in global health is unlikely
to happen without such social factors being addressed.
As action towards this improvement appears unlikely to
happen any time soon, there is an increased pressure to
find other interim methods, and this situation explains
much of the appeal of the potential of nutrigenomics
to many public health nutritionists. However, such
approaches need to be considered through a ‘poverty lens’,
as apparently good ideas sometimes have had disastrous
effects on those they were meant to help most, e.g. the
World Bank’s Structural Adjustment policies (Lancet,
1994). In fact, the gaps between rich and poor nations are
getting worse (Darnton-Hill & Coyne, 1998), and the

recent UN Human Development Report (United Nations,
2003) has shown many of the gains of the 1970s and 1980s
being lost. The richest 1% of the world’s population now
receives as much income as the poorest 57%, and overall
human development (measured by the UN as an amalgam
of income, life expectancy and literacy) fell in twenty-one
countries during the 1990s. A further over-arching issue is
how to avoid a gap in the utilization of genomic advances
in nutrition and health, as has happened in information
technology and the research technology on disease (Singer
& Daar, 2001), where only 10% of resources are spent on
those diseases that account for 90% of the global burden of
disease in the developing countries.

It is appropriate to consider the implications separately,
if often overlapping, for poor developing countries and
richer industrialized countries, with some continuum
according to local and changing situations in transitional
economies. While this approach could be criticized as
tacit support for elitism in the type of disease prevention
and control, in practical terms there seems little alternative
if effective interventions are to be put in place. Here, only
issues for poorly-resourced health systems will be dis-
cussed, although the concern that the benefits of nutrige-
nomics will go predominantly to those individuals who can
buy them, even in affluent countries, has been noted.

Food supply

Improving household food security and the quality of poor
diets will help to improve infant and child survival,
physical growth and neuro-intellectual development,
improve women’s general health and reproductive out-
comes, and overall economic development of countries
through increased productivity. The role of GM foods in
achieving this objective is still unclear to many interested
groups. Fresco (2003), for example, feels there is a
‘measure of uncertainty as to whether these theoretical
advantages (of markedly increased food supply through
genomic applications) will translate to greater household
food security and improved well-being at the individual
level’. There have also been calls for a re-examination of,
amongst other issues of concern, the purposes and uses of
intellectual property rights policies, in particular those that
impact on biotechnologies affecting food production
(Borlaug et al. 2004). Improving the quality of diets can
be done through public health measures and by improved
methods of delivering micronutrients through diets, sup-
plementation and fortification. The genetic makeup of
populations may result in rather different outcomes for
some subgroups, but at present, most Third World
governments have no choice but to feel that the benefit
outweighs the demonstrated risks to relatively few
members of the population. Where population genetic
profiles can be identified and described, as it appears will
happen more and more, then levels of fortificants in
national fortification programmes can be adjusted or
targetted more directly, if economically feasible. Other
factors, such as trade, will also influence the impact and
role of GM organisms, e.g. in terms of trade to the EU,
which is likely to continue prohibiting GM organism
imports for some time.
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Prevention of disease

In terms of the emergence of chronic diseases that results
in leaving countries with a double burden of disease, it is
unlikely that nutrigenomics will contribute much to help
avoid or alleviate these burdens. Affordable public health
recommendations are unlikely to change and the need
remains for strong measures, probably involving legisla-
tion controlling inappropriate advertising to children and
selective taxation and duties, along with very active health
promotion, possibly emphasizing traditional diets. In this
case a recent report from Spain (Hernandez-Diaz et al.
2002) is encouraging. It found, in a Mediterranean popu-
lation with natural plant foods as the main source of folate,
a relationship supporting the hypothesis that dietary folate
intake may be an independent protective factor for
myocardial infarction. As has been noted, the existing
public health measures in countries such as Australia, UK
and USA seem to have had little impact on the obesogenic
environments that have proved so effective in promoting
obesity in these countries (Nestle & Jacobson, 2000).

Fortification

There is likely to be an emphasis on fortification as a cost-
effective potentially-sustainable measure to bring micro-
nutrients to poorer populations. Identification of ethnic
profiles of different polymorphisms that will affect some
segments of societies, e.g. folic acid and the gene for
methylenetetrahydrofolate reductase, is unlikely to be a
factor in populations in which the imperative is getting the
micronutrient(s) to the vulnerable populations. The possi-
bility of gene shifts in whole populations, such as the
suggested increased prevalence of the methylenetetra-
hydrofolate reductase gene in some populations receiving
folic acid and the possible continuation of previously non-
viable pregnancies (Stover & Garza, 2002b), and whether
these shifts matter enough to overcome the clear benefits
of fortification, will probably depend on the prevalence of
the micronutrient deficiencies being addressed. It will also
depend on there being economic resources to tackle the
problem in some other way. Many countries will not be
able to afford alternative approaches that are less cost-
effective, and hence genetic polymorphism is unlikely to
become a factor in their public health decision to fortify.
Biofortification, initially with traditional breeding methods
but, if consumer acceptance develops, subsequently using
GM organisms, is likely to be a real contribution to
improving the quality of poor diets in some settings.
Nevertheless, micronutrient biofortification, however done,
will be only part of the solution (Bouis, 2002b; Lonnerdal,
2003).

Supplementation

Similarly with supplementation, affluent populations
known to have higher levels of, for example, haemochro-
matosis may find it cost-effective to screen for individuals
homozygous for the gene. However, this approach is not
an option in countries with poorly-resourced health
systems that, in addition to having a higher prevalence of

anaemia, are often those with least susceptibility to that
polymorphism. In fact, several recent reviews conclude
that screening, because of the low penetrance, is not ap-
propriate even in affluent countries (Heath & Fairweather-
Tait, 2003; Neff, 2003). It is theoretically possible to control
Fe deficiency and other anaemias and other micronutrient
deficiencies (perhaps especially in populations at high risk
of HIV infection and transmission) in developing country
settings by supplementation, although the experience to
date has not been encouraging. If possible, then the rela-
tively few individuals at greater risk because of specific,
relatively rare, polymorphisms may need to be treated
when identified at clinics, e.g. by eating modified diets
containing less Fe and other relevant micronutrients. Even
in areas with a high incidence of malaria, Fe–folate sup-
plementation continues to be of benefit to those popu-
lations most at risk, and hence to be recommended as a
public health preventive measure, even though it is known
not to be the ideal approach in communities with high
levels of infectious diseases (Stoltzfus, 2001).

Treatment

The high costs of the screening and genotype diagnosis
of developing novel and functional foods and the poor
availability of functional health systems make even the
possibility of ‘tailored diets’ an impossible dream for most
populations relying on poorly functioning and poorly
resourced health systems. More relevant may be the ques-
tion asked by Black et al. (2003): ‘where and why are 10
million children dying every year?’

Conclusions

The impact of genetic applications to nutritional problems
is here to stay, but will probably end up having unexpected
and both welcome and unwelcome outcomes. As suggested
by the many bodies now looking at the application of
genomic technology and its safety (World Health Organi-
zation, 2002d; International Council for Science, 2003),
the ethical and public health implications are being exam-
ined in a way not seen since the examination of cloning.
The conclusions of the present brief review seem to
suggest that, overall, the application will be ultimately
beneficial in public health terms, but also of a lesser mag-
nitude than sometimes promised. Its greatest potential will
be achieved if the technology is harnessed for the greater
public, and public health, good with a clear mandate to
reduce disparities both within countries and internation-
ally. If this process is to take place, the use of genetic tools
for public health purposes must be perceived as a common
good that will require active government intervention and
international cooperation, and there are some encouraging
signs, at least at the policy level, that this objective will be
realised. From a public health perspective, the generalizing
is a risky enterprise as the field is changing so rapidly and
in so many directions, some of which are probably not yet
foreseen. Nevertheless, now is the time to sieze opportu-
nities and to put in place safeguards against harm and
unexpected consequences, and especially to reduce the
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possibility of a rich–poor world divide in the access to
benefits.

In terms of increasing food supplies, preliminary evi-
dence suggests a successful outcome may be less of a boon
than initially thought, because many of the possible
breeding improvements appear to have already taken place
and further improvements will be incremental. More likely
is an increase in crop varieties, from genetic insertion
of genes and conventional plant breeding, that can be
profitably grown in previously-inhospitable environments,
such as high-saline conditions and drought-susceptible
areas, although growing on marginal lands may well have
possible adverse ecological and environmental conse-
quences. Modifying animals to be more efficient converters
of plant food also seems to have promise, but is limited.
There appears to be more promise in improving the quality
of grains and other staples by improving the amount and
bioavailability of micronutrients, but even here, population
level impact is likely to be modest.

In terms of preventing chronic disease, it would appear
that environmental and public health measures will have
more impact than genetic manipulation. The main role
here may be to identify susceptible populations and add to
the strength of advocacy to encourage resources going
towards designing effective behaviour change and to man-
date changes in national and international food systems.
In terms of both treating disease in more susceptible
individuals and differing responses to dietary modification,
it is likely that there will be some increased targetting of
individuals and sub-populations, to make more efficient
dietary recommendations. There seems to be an inevitable
difference in conclusions, and hence presumably recom-
mendations, for developing countries and affluent countries
at this time. First, because the objective in one is for
increased diets of sufficient quantity and quality, and in the
other enhanced organoleptic properties. The other factor is
that benefits and costs of approaches, as with fortification,
are greater in developing countries where fewer options
exist, although conversely more affluent countries will con-
tinue to address diseases affecting fewer and fewer of the
population. Affluent countries may also have the resources
to address any negative impact of interventions on indi-
viduals with a particular polymorphism with individual
treatment or dietary advice and, possibly, specific func-
tional foods.

In summary, the debatable answer to the question
originally posed, ‘will the biotechnology of nutrigenomics
make an important difference to the health of the public’,
is that it will probably not in the immediate future at a
population level, especially in resource-poor countries. In
this exciting and fast developing interface between
nutrition and public health, research will move rapidly
ahead and more public health ‘tools’ will be added to the
armamentarium, but these tools are likely to continue to
be part of, rather than the whole, solution. Many issues of
perceived and actual safety at a population level still need
to be addressed and communication of risks and benefits
much improved, although this process is starting to happen.
It also seems likely that some of the major impacts might
come from applications that are currently only aspirations.
The most important conclusion is that, unlike the cases of

tropical diseases research and development and pharma-
ceutical accessibility, change should actively aim to reduce
inequity, rather than worsen the current situation. Achiev-
ing greater equity is after all the greatest contribution of
public health, and the interface of public health nutrition
and genetics is hopefully set to provide important
opportunities for success.
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