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Science Minister Lord Drayson is seeking an extra £1billion for science from the Treasury, on the grounds that this will help rescue the economy from recession.
 He has stated that the Government should focus its science spending strategically on areas of competitive advantage – particularly on exploiting the information in NHS electronic medical records, linked to DNA and genomic information.
 
The Chief Executive of the US gene sequencing company Illumina recently advocated sequencing every baby’s genome, using the blood spots collected at birth in the NHS, and claimed that the benefits will outweigh the harms.
 The aim would be to identify raised risks of developing an array of conditions, including heart disease and many cancers, so that those at high risk could then be screened more regularly, or given drugs or dietary advice to reduce their risk. 
However, many doctors and scientists are sceptical that screening everybody’s genomes will be good for health, and major ethical and social issues also arise about consent and privacy.
What is ‘early health’?

“Our vision for the future is to enable a new "early health" model of care focused on earlier diagnosis, pre-symptomatic disease detection and disease prevention”. GE Healthcare.

The Government set up its Ministerial Medical Technology Strategy Group (MMTSG) in October 2007. 
 The meetings are co-chaired by the US company GE Healthcare, a subsidiary of General Electric, and the Minister of State for Public Health, Dawn Primarolo. The industry documents submitted to the meetings:

1. Promote the idea that ‘early health’, involving human genome screening and health surveillance, is the future of medicine and will improve public health and save the NHS money;

2. Oppose any pre-market regulatory assessment of genetic tests, and other medical tests, on the grounds that this would stifle innovation;

3. Argue that public procurement by the NHS should be used to stimulate innovation, along the lines proposed in the 2006 Cooksey Review of health research funding
 and Lord Darzi’s 2008 review of the NHS
.

The idea of ‘early health’ is described in a 2008 paper from the industry side of the MMTSG.
 In this vision of the future, screening people’s genomes (their genetic make-up) will routinely be applied to identify high risk individuals and populations, and it is claimed that “tailored prevention programmes” will improve personal and public health. Industry will communicate more directly with patients and there will be “more innovation that will blur the regulatory boundary between drugs, biologics, devices, cosmetics and nutritionals”. There will be increasing consumerism, including ordering directly over the internet, bypassing medical professionals, and more suppliers will be engaged in “nurse-led care”. 
The same idea is being promoted in North America by a coalition of ‘life science’ companies, and was recently described in a presentation by Burrill & Co, a specialist venture capital company for such companies.
 It envisages:

· routine genetic screening – using whole or partial genome scans conducted by gene testing companies - delivered by nurse-staffed pharmaceutical outlets in Wal-mart and other stores; 

· widespread use of home diagnostics and remote health monitoring, with blood samples collected via Blackberrys and iPods; 

· smart cards including electronic health records and DNA; 

· consumer-driven personal health planning, involving companies such as Google Health; 

· tools to monitor medication regimens to drive compliance, and tools to measure physical activity and diet, linked to online work-outs and incentive programmes (such as paying people to lose weight);

· roaming nano-devices in blood vessels to diagnose and fix problems, and nano-particles to add nutrients to food;

· a shift from ‘one size fits all’ healthcare to personalisation, prediction, prevention/disease pre-emption and patient responsibility.

Several companies are competing to drive down the cost of whole genome sequencing to implement this vision, and others are already marketing interpretations of all or part of people’s genomes (their genetic make-up).
,

The Burrill presentation claims that people will be empowered and live longer lives, and that this approach will be cost-effective. However, it also predicts a near-doubling of the pharmaceuticals market by 2020, including the creation of big new markets in ‘wellness’ (the ‘prediction and prevention’ of disease) and obesity. The presentation highlights the ability for healthcare companies to “generate value” throughout people’s lives, from ‘wellness’ to terminal illness. 
The Government and ‘early health’
Following the election of the New Labour government in 1997, the idea of a ‘genomic revolution’ in healthcare was promoted by a small circle of government advisors, including Sir George Poste (formerly of SmithKline Beecham, and subsequently President Bush’s bioterrorism advisor); Sir Richard Sykes (until recently, Rector of Imperial College, and formerly Chairman of GlaxoSmithKline); Sir David Cooksey (founder of Advent Venture Partners); Professor Sir Mark Walport (Director of the Wellcome Trust); and Professor Sir John Bell of Oxford University (now Chair of the Office of Strategic Coordination of Health Research, OSCHR).
 The incentive for the pharmaceutical industry was the creation of the “pre-symptomatic patient”: a massive expansion of the market for drugs and healthcare products to rich, healthy people, identified as ‘genetically susceptible’ to various diseases.
,

As part of the development of New Labour’s ‘Third Way’ philosophy, Tony Blair and Gordon Brown promised a new stage of capitalism that would deliver “prosperity for all” based on the idea of a new ‘knowledge-based’ economy, with an emphasis on ‘partnership’ between the public and private sectors. 
,
,
,
 A string of reviews, policy documents and changes in government structures and research funding systems followed, all influenced by the same small circle of advisors. Following lobbying by George Poste and others,
,
,
,
  the Department of Trade and Industry (DTI) 1999 report “Genome Valley”  repeated claims that genomics would revolutionise healthcare by allowing predictive profiling, without making any assessment of the likely costs, or of the claimed benefits to health or the economy.
 The report also highlighted the value of making NHS data available to industry for research as Britain’s ‘unique selling point’ (USP) in the knowledge-based economy. XE "The Government’s Genome Valley report\: a commitment to making NHS data available to industry for research" 
In June, 2000, Tony Blair and President Bill Clinton announced the completed draft of the human genome. 
 The publicity, organised by the Wellcome Trust, involved numerous claims that genomics would revolutionise healthcare. The plan for genetic screening, NHS smart cards, and what later became known as ‘early health’ was endorsed by the NHS Plan
, the DTI’s Foresight Programme’s report: Healthcare 2020
 and by the House of Lords Science and Technology Committee’s report on Genetic Databases, published in March 2001.
 The reports supported the transformation of the health service to implement the genetic ‘prediction and prevention’ of disease and the establishment of the UK Biobank genetic research study – funded jointly with the Wellcome Trust - as a pilot study for a national genetic database in the NHS, to be built as a public-private partnership.
Blair approved the decision to build the centralised database of electronic medical records known as the ‘Spine’ at a ‘sofa meeting’ in February 2002. 
,
,
 In his major speech to the Royal Society in May, he stated: “There are crucial issues of privacy of genetic information that we need to deal with. But our national, public [NHS] system will enable us to gather the comprehensive data necessary to predict the likelihood of various diseases - and then make choices to help prevent them”.
 In 2006, the National Audit Office (NAO) revealed that the Treasury never assessed the claimed benefits of the National Programme for IT in the NHS, the costs of which had by then escalated to £12.4 billion (now £12.7bn) to 2014.

The Government first proposed screening the genome of every baby at birth in its Genetics White Paper in 2003, so that the information “could then be used throughout their lifetime to tailor prevention and treatment regimes to their needs as further knowledge becomes available about how our genes affect our risk of disease and our response to medicines”. 
 This proposal was subsequently rejected by the Human Genetics Commission (HGC) on the grounds of its excessive cost, lack of benefit to health, and concerns about ethical issues such as lack of consent and potential misuse of the information. 
,
 Nevertheless, the HGC recommended that the proposal should be revisited in 2010.
Since the recession, Science Minister Lord Drayson has promoted the idea that the Government must focus its research funding investment on pushing ahead with exploiting the data stored in electronic medical records, linked with genetic information, in order to rescue the economy.2 
The idea has been supported by the Prime Minister
 and two Secretaries of State (John Denham
 and Lord Mandelson
), and MPs have called for evidence about it.
 The Government has also set up a new Office of Life Sciences, which is required to take action to stimulate investment in the life sciences industry by the end of July.
 The House of Lords Science and Technology Committee, which has previously supported the idea of a ‘genetic revolution’ in healthcare, is due to publish a new report on ‘genomic medicine’ in May.

However, the claimed benefits of ‘early health’, including genetic ‘prediction and ‘prevention’ of disease, have still never been subjected to independent scrutiny. 
Is ‘early health’ good health?

Screening for early signs of diseases such as cancer, or for risk factors for heart disease - such as cholesterol levels or blood pressure - can save lives. However, all screening programmes also lead to lead to large numbers of ‘false positives’: people who are wrongly told they are at high risk, or appear to have early signs of a disease that they will never get. Many of these people receive unnecessary treatment.
 
Currently, proposed new screening programmes are assessed by the NHS’ National Screening Committee, which weighs up the benefits and harms before approving them. However, the Government is moving to a new system where screening will be provided by private providers. For, example new in-store ‘polyclinics’ in Sainsbury’s have been proposed following Lords Darzi’s review of the NHS. They would offer a mixture of NHS and private services, and: “Patients will be able to get a full health MOT at Sainsbury’s, while the stores get the footfall and increased sales”.
 
The ‘early health’ model proposed by the life sciences industry suggests that such ‘health MOTs’ could in future include screens of all or part of people’s genomes, linked with advice on medicines, supplements, cosmetics and functional foods (such as cholesterol-lowering margarines) that they could buy. 
However, many scientists and doctors have already warned that screening healthy patients is not usually a good idea because:
,
 

· Most tests are not designed for use by people with no symptoms
or elevated risk.

· Most tests on well people won't accurately predict the diseases
they will get.

· Some tests on well people will suggest diseases that they will
probably never get.

· What a test claims to do for your health or tell you about a
disease isn't adequately regulated or fully researched.

· Diagnosis is complex, based on clinical experience and research,
signs, symptoms and context. These determine which tests to do
and how to understand their results.

· Information from many home testing kits and full body scans is
usually not clinically useful.

In addition, health systems which prioritise rich, healthy people over poor sick people – such as the US system
 - are not generally cost-effective.
Conflicts-of-interest are likely to arise because there are four clear commercial drivers for so-called ‘early health’:

· Rich, healthy people make a much better market for health products than poor sick people do;

· The market for medical tests (diagnostics and prognostics, i.e. predictive tests) is relatively small, but tests are key to controlling access to medical services and hence the much bigger and more lucrative healthcare market.

· Data-mining of stored medical and genetic information can facilitate direct-to-consumer ‘personalised’ marketing, bypassing GPs as gatekeepers and earning ‘top up’ payments for commercial companies;

· A research focus on internal risk factors (including genes and other biological risk factors, collectively known as ‘biomarkers’) can avoid blaming unhealthy products or pollution for ill health. It also sidelines politicians’ failures to tackle health inequalities or crack down on the marketing of unhealthy foods.

This does not mean that all testing or screening of healthy people is a bad idea, but it does mean that it is important to weigh up the benefits and harms, including costs. There are particular concerns about genetic screening because of:
· The large numbers of genetic variations that exist: sufficient to classify 95% of the population as at high genetic risk of at least one disease;

· The high costs of and poor cost-effectiveness of genetic screening;

· The scientific evidence (discussed below) that genes are poor predictors of most diseases in most people and are not generally useful to make decisions about medicines or lifestyle.
Is genome screening of benefit to health?
 “The overall conclusion based on these arguments is that the predictive value provided by genetic screening tests for either disease susceptibility or normal variation will be too low to have widespread medical or social application”. Professor Andrew Wilkie, Oxford University. 2006.
 
The major differences in people’s health and life expectancy observed in Britain and throughout the world have little to do with individual differences in biology. Thus, genetic factors do not explain why a child born in a Glasgow can expect a life 28 years shorter than another living only 13 kilometres away. According to the World Health Organisation, these differences are largely due to the social environment where people are born, live, grow, work and age, not differences is biology. 
,

Although the identification of rare genetic mutations can provide useful information to individuals, including people at risk of (relatively rare) familial forms of cancer, the evidence that people’s genomes will be useful to predict and prevent common diseases in the general population is non-existent.

Many scientists have long argued that the claims made about the medical value of tests for ‘genetic susceptibility’ to common diseases have been over-sold. 
,
,
,
,
,
 As more results about the links between genes and diseases become available, the evidence that they were right has grown. 
For example, testing all 18 genes that have been linked to type 2 diabetes does not appear to improve prediction compared to measuring existing risk factors.
 The much-hyped ‘fat gene’ (the FTO gene), combined with other known genetic factors, explains less than 1% of the differences in Body Mass Index (BMI) observed between individuals. Only about 6% of observed differences in cholesterol levels in the general population and none of the observed differences in blood pressure have been explained by the genetic factors so far identified.
,
,

In November 2008, the journal Nature published an article called “The case of the missing heritability”, which stated: “When scientists opened up the human genome, they expected to find the genetic components of common traits and diseases. But they were nowhere to be seen”.
 It reports that “…even when dozens of genes have been linked to a trait, both the individual and cumulative effects are disappointingly small and nowhere near enough to explain earlier estimates of heritability”. In April 2009, the New York Times also reported that genes show limited value in predicting diseases.
 
Common genetic differences are not more but less predictive than most other types of test, and no common genetic variants exist – either singly or in combination - that meet medical screening criteria for the general population.
 Whilst some scientists argue that predictions will improve in future, when hundreds or even thousands of genetic variations are combined to calculate an individual’s risk, others argue that these claims are unrealistic.
,
 Even combining multiple genetic variants is no longer expected to give useful or reliable predictions of most diseases in most people.
,
 
In addition, confirmed genetic links, such as the link between the FTO gene and increased risk of obesity, are not useful to tailor medical advice, because encouraging a healthy diet is good for everyone.

Similar problems have plagued pharmacogenetic tests (genetic tests for drug response), with a few exceptions. Although many genes have been discovered that influence how an individual responds to drugs, the differences in response have generally been too small to be clinically useful. 
,
,
,
 Pharmacogenetics is proving its importance in the field of cancer, but these tests involve looking for genetic changes that occur in a cancer when a patient has already become ill. They do not involve testing the genetic make-up that a person is born with, and are not relevant to the plan for ‘early health’.
Some genetic research into common diseases can still be useful, because small differences in risk caused by different genetic variants may give scientists important clues about the biological mechanisms of disease, even when they are useless to predict an individual’s risk. In addition, rare ‘familial’ forms of many common diseases exist, which can have a significant inherited component.
But, for most diseases in most people, genetic ‘prediction and prevention’ is a poor health strategy. Thus, implementing ‘early health’ depends on companies’ gene tests avoiding scrutiny by the NHS’ National Screening Committee, which normally weighs up the benefits and harms of every screening programme, and avoiding regulation.
Lack of regulation of genetic tests

“Clearly, despite the possibility of developing genetic tests that are useful for some diseases in some contexts (e.g. in the presence of family history of disease), companies that are marketing genetic tests (especially direct-to-consumer genetic tests) have a financial incentive to exaggerate the importance of tests that may be about as effective as the Magic 8-Ball I keep on my desk”. Dr Peter Kraft, Harvard, 2008.
 

“There is insufficient scientific evidence to conclude that genomic profiles are useful in measuring genetic risk for common diseases or in developing personalized diet and lifestyle recommendations for disease prevention.” Janssens et al. (2008).

“There is a growing business selling new genetic tests based on very preliminary research - the evidence is far too flimsy to be accepted by evidence-based medical practice.” Sense about Science (2008).
 
No common genetic variants that meet medical screening criteria for the general population have been identified to date, however many tests for common genetic variants are already being marketed. This has the potential to harm health by:

· targeting the wrong health advice at the wrong people;

· confusing healthy-eating messages or advice to quit smoking;

· leading to the over-treatment of healthy people who may take unnecessary medication or supplements;

· undermining public health approaches and diverting resources from the social, environmental and economic changes that are needed to prevent ill-health.

In Britain, no pre-market assessment is currently made of the clinical validity or utility of genetic tests that are available outside the NHS. In the USA, so-called ‘home brew’ tests (tests that are not marketed as kits to multiple laboratories) also receive no assessment. This means that ‘genetic information’ – combined with medicines, supplements, foods, skin creams, lifestyle advice and additional tests – can be marketed when it is not valid (for example, even when the gene plays no role in the claimed disease) or when it serves no useful purpose (for example, when the proposed intervention is no more effective or necessary in people with one genetic variant than with another).
A review of commercially available genetic tests published in 2008 found significant statistical associations with disease risk for fewer than half of the 56 genes included in the tests.
 The authors also questioned how the companies studied could provide meaningful genetic risk assessments for complex diseases in the absence of information about multiple genes and gene-gene interactions, and how personalised advice on supplements and diets could be given in the absence of any reliable data on gene-diet interactions. 
These problems are not limited to genetic risk profiles marketed by US companies on the internet. For example, in 2007, GeneWatch UK found that UK company Genetic Health was marketing misleading genetic information via its Harley Street clinic.
 An ITV programme which featured Genetic Health providing four celebrities with tests, broadcast in November 2007, was the subject of a complaint by the British Society of Human Genetics.
 Geneticists and health professionals subsequently warned the public that genetic tests that claim to predict the risk of developing life-threatening diseases are a waste of money and can frighten healthy people.

Other misleading genetic tests that have been marketed in the UK include tests marketed by UK companies via the internet (the so-called ‘Nicotest’); by US companies via alternative healthcare providers (the ‘Genovations’ tests); and by the then UK-based company Sciona, which sold genetic tests with dietary advice in the Body Shop in 2001/02. 
  Following criticism of its claims by GeneWatch, Sciona relocated to the USA and has since been the subject of a critical investigation by the US Government Accountability Office (GAO).
 

Leading UK psychiatrists have also denounced plans by other US companies to market genetic tests claiming to identify susceptibility to bipolar depression or schizophrenia on the internet.
,

The role of data-mining in the NHS
“… through Connecting for Health (CfH), the UK is already in an enviable position to take advantage of the opportunities it offers. In the future, the ability to mine the data taken from this environment will bring about a true revolution in the practice of medicine, opening new industrial as well as healthcare horizons”. Industry ‘early health’ paper to MMTSG, 2008.

"This is not the genetic community saying here's something important that you should pay attention to. This is the Web 2.0 community looking for a market." Venture Capitalist firm Farnbrough, 2008.

The idea of a national genetic database is too expensive to be paid for by government alone. A public-private partnership would involve the information in electronic medical records being passed to private companies, alongside genetic information obtained by analysing people’s DNA.  

In January 2009, data-sharing proposals, hidden in Clause 152 of the Coroners and Justice Bill, would have allowed DNA stored in the NHS to be analysed without consent and genetic data to be linked to electronic medical records and shared with any company or government agency: including foreign governments and the police.
 Following massive public opposition, the Secretary of State for Justice, Jack Straw, was forced to drop the plans. However, these plans are being re-considered, not abandoned. In April, the Government announced that people will not be able to get their records removed once they are on the NHS database, although they can still opt out before their GP loads information from their existing medical file.

In December 2008, Connecting for Health held a consultation about the sharing of medical data for research without consent.
 This would include sharing of genetic information with ‘researchers’, although the consultation did not mention this. 
 Nor did it say who the ‘researchers’ seeking access to this data are – although the group overseeing the programme includes GE Healthcare, as well as five other industry representatives.
 
Before genetic information could be widely shared, blood samples stored in the NHS would first need to be analysed to obtain genetic information from a much larger number of people than is currently the case.
Blood samples taken from every baby at birth are stored in the NHS and linked to electronic medical records using the NHS number. The outcome of a 2005 consultation about whether blood spots stored from babies in the NHS could be accessed by commercial companies has never been published.
 Currently, the Human Tissue Act restricts the extent to which DNA stored in the NHS can be analysed for research without consent, however it allows mothers to consent to the newborn blood spots being used for research, on their babies’ behalf. This process may be open to abuse because of the lack of information available to the mother at the time and because the child might disagree with how the blood spots have been used later in its life.

Google is one of the companies that is now seeking access to genetic data stored in the NHS. Google has already been involved in discussions at the Department of Health about how to handle the vast amount of genetic information expected to be generated from analysing DNA samples stored in the NHS. 
 The gene testing company 23andMe is funded by Google and is jointly run by Google-founder Sergei Brin’s wife.
 Together with 23andMe, Google has also been lobbying the Conservative party’s advisors.

23andMe recently announced it would be charging people with Parkinson’s Disease in the US a reduced price to have their genes tested and take part in genetic research on the disease. Rare inherited forms of Parkinson’s Disease exist and Sergei Brin announced he has a rare mutation in a gene linked to this disease, as part of the publicity for his wife’s company.
 However, the inherited component of the disease is small and environmental factors are much more important.
 This means that the research results that 23andMe says it wants to feed back to participants are likely to be meaningless. The San Franciso Valleywag website has reported that
:

· Brin is making a charitable donation, presumably tax-free, to the Fox Foundation for Parkinson’s research;
· The Fox Foundation is giving that money to 23andMe;
· 23andMe will get to count the tests paid for by the charity as revenues, thereby pumping up its financial results, directly benefiting both Google and Brin’s wife.
23andMe has stated that it hopes to conduct similar studies for other diseases in the future.
,85 It has already created an online club for mothers-to-be, supposedly to study the role genetics plays in health conditions affecting pregnant women.

Claiming to be doing ‘research’ rather than data-mining or marketing has advantages for companies like GE Healthcare, Google and 23andMe, because ‘researchers’ are likely to be able to obtain access to medical data stored in the NHS, via the Secondary Uses Service. The plan for ‘early health’ could also go ahead using web-based data-sharing tools, without relying on all NHS data being uploaded to the central NHS database.
 
Researchers funded by the tobacco, nuclear, chemical and food industries have all undertaken ‘genetic susceptibility’ research in the past.  Access to medical data and DNA by ‘researchers’ could therefore mean access by a wide range of commercial companies, including researchers funded or employed by internet and gene testing companies, the pharmaceutical industry, the private healthcare industry, the food industry, the tobacco industry, employers and insurers. Because genetic tests are not regulated, research results could be fed back to participants and used as the basis of ‘personalised marketing’ even though most research results are expected to be wrong, or, at best, misleading. 
Privacy, surveillance and the state
"Someday we'll have a complete pedigree of the entire human population, and everybody will be connected to everybody on a huge family tree that looks like Google Maps". Professor George Church, co-founder of the Human Genome Project , 2009.

“We're not far away from people having biosensors that transmit data into the [electronic medical] record. It's not science fiction. It's definitely coming. That's why Microsoft and Google are interested." Professor Arnold Rossoff, 2007.

There will be no secrets about paternity anymore”. Professor Sir John Sulston, 2008.
 
Even advocates of whole genome sequencing acknowledge that privacy can no longer be protected if a universal genetic database exists, linked to electronic medical records.3 People will be both tagged and categorised by their genetic information, because DNA is left wherever someone goes and can also be used to identify relatives.
The next phase of ‘early health’ will move beyond whole genome sequencing to continuous surveillance.  Gordon Brown’s first visit to a UK university as Prime Minister involved visiting the SAPHE project at Imperial College with Sykes and Darzi.
  The project team is developing ”a new generation of telecare networks with miniaturised wireless sensors worn on the body and integrated into homes, offices and hospitals to allow for continuous healthcare monitoring”.
, 
 
In 2009, the Office of Science and Innovation funded the Science Horizons public engagement exercise jointly with GE Healthcare. A large number of serious concerns were raised by members of the public about ‘early health’.
, 

Conclusions

The Government has invested billions of pounds of NHS money in the idea of ‘early health’, which includes using people’s genetic make-up (their genomes) and information stored in their medical records to try to predict which diseases they will get and treat them while they are still healthy. Ministers are preparing to invest billions more in this approach, on the grounds that winning the race to commercialise the human genome will be good for the economy. 
However, many doctors and scientists are sceptical that ‘early health’ will be good for health, and there are major privacy concerns because the plan involves total surveillance of the whole population. 
Google and 23andMe, and other gene testing companies, want the power of information to be wrested from the medical profession.11 But companies like theirs - which interpret people’s genomes to tell them their supposed genetic risk - will have the power, not individuals.
The aim is to tag and categorise every individual using their DNA, with data-mining of personal and genetic information allowing personalised marketing of medicines, supplements, skin creams and healthcare services. The motivation is that rich, healthy people make a much better market for health products than poor sick people do. As a side-effect privacy will be wiped out as every individual and their relatives will be traceable via their DNA, and categorised as 'genetically susceptible' to something. 
There is no evidence that this approach will be good for health, or cost-effective, because the claims made by commercial companies and a narrow circle of advisors were never assessed by Government before it began to implement the plan.
In addition, there is an obvious regulatory gap: half the 'genetic information' sold by companies has been demonstrated to be false, and the rest remains misleading. No genetic variants – either singly, or in combination - meet medical screening criteria for the general population. This will not be changed by sequencing whole genomes. The reason is that, whilst technology will undoubtedly get cheaper, biology is complex and most common diseases are strongly influenced by social, environmental and economic factors, not by genetic differences.
This massive marketing scam can only work if regulators are kept away - hence gene testing companies promote the idea that customers have a 'right to know' misinformation, without interference from regulators or professionals.

An independent assessment of the likely costs and benefits of ‘early health’ is long overdue. In addition, GeneWatch UK would also like to see:

· Regulation of genetic testing, so that it is used only in situations where it is of benefit to health and ethically justified;

· Legal safeguards to prevent genetic discrimination and erosion of privacy and rights;

· Public involvement in setting the health research agenda and restrictions on commercial conflicts of interest.
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