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We always 

overestimate the 

change that will occur 

in the next two years 

and underestimate 

the change that will 

occur in the next ten. 

Don't let yourself be 

lulled into inaction.

http://www.brainyquote.com/quotes/quotes/b/billgates404193.html

http://www.brainyquote.com/quotes/quotes/b/billgates404193.html
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A tale of two disciplines: our talk will try to link 
the two

Genetics

• Brief science lesson

• Recent scientific 

developments

• The road from science to 

medicine

– Diagnostics

– Treatment

Implications for Insurance

• Consider various products

– Life

– Critical Illness

– Longevity

• Consider various types of 

impact

– Selection

– Anti-selection

– Claim rates
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Ethical questions

Outstanding questions



Starting with a quiz
Raise your hand if you:

1. have had a genetic test?

2. know someone who has had a genetic test?

3. know that there is moratorium on the use of genetic test 

results?

4. know what a single nucleotide polymorphism is?

5. know what whole genome sequencing is?

6. have heard of www.23andme.com?
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If you raised your hand 6 times, we recommend you 

quickly head for another venue...

Catnap Plus Doze

http://www.23andme.com/


Prof Michael Patton

Genetics
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James Watson                         Francis Crick
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“Genetics will be the most 

important part of medicine” 

Francis Crick 1968 





Human Gene Mapping Project

• US & UK

• Preliminary draft published 

• 10 years ahead of schedule 

• International collaboration 

• In own department: 25 genes 



Regional Genetic Service  

• Providing clinical and laboratory 

services for patients and families with 

inherited disease 

• SW Thames Regional Genetics Centre 

70,000 families seen in the population 

of c3 million over 25 years

– approximately 2% of the 

population



Genetic disease

• Chromosomal 

• Single gene 

• Multifactorial 



Chromosome preparation





Single Gene disease   

• Autosomal dominant 

– e.g. Huntingtons disease or breast cancer  

• Autosomal recessive 

– e.g. Cystic fibrosis 

• X linked  

– e.g. Haemophilia 



Multi-factorial disease   

GENETIC                                                            ENVIRONMENTAL

Muscular  

dystrophy Scurvy 

Brittle bone  

disease 

Haemophilia 

PKU 

Galactosaemia 

TB 

Diabetes, stroke, heart 

disease 

Spina bifida, club 

foot, cleft palate 

HIV 

MULTIFACTORIAL



Molecular  Genetic Testing 

1 Diseases with specific 

mutations

• Sickle cell disease, 

haemochromatosis, 

Huntington’s disease.

• Test will give clear 

unequivocal answer 

• Unfortunately still 

relatively few can be 

used to 100% exclude

2 Confirm but not 

exclude

• Cystic fibrosis has 

>400 mutations in 

gene. If a mutation is 

found diagnosis 

confirmed but if no 

mutation cannot 

100% exclude

• By screening for 30 

mutations we 

exclude 90% of risk 

• Many other examples 

are like this
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3 Currently too 

difficult

• We do not know 

clinical diagnosis 

• We do not know 

causative gene 

• Too many genes e.g. 

Retinitis pigmentosa

has 53 different 

genes and mental 

handicap may have 

many hundreds
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http://www.ncbi.nlm.nih.gov/projects/GeneTests/static/whatsnew/labdirgrowth.shtml

http://www.ncbi.nlm.nih.gov/projects/GeneTests/static/whatsnew/labdirgrowth.shtml


Molecular  Genetic Testing 

Currently most specialised molecular tests cost 

about £600 and take 2-3 months for results 



Power is increasing, Costs are falling fast

“In 2007 Knome charged $350,000 to sequence a human genome. 
Today it charges $40,000. Mr Conde predicts that by 2015 the price will 
have fallen below $1,000. Complete Genomics charges about $10,000 
to sequence more than 90% of a genome. It too predicts that the cost 
will drop below $1,000 within five years.”

Exponential increase in speed and cost



Next and Next Next sequencing 

• Many new techniques  - proven and unproven 

• Multiple parallel sequencing 

• Nanopore technology   

• Industrialisation of genomics 

– e.g. Beijing Genomics Institute



Whole genome sequencing   

• Craig Venter  

• Biotech pioneer and 

founder of Celera 

• Co discoverer of Human 

Genome 

• Cost of first whole genome 

sequence = US$ 17 million 



Whole genome sequencing   

• James Watson   

• Nobel prize winner for 

discovery of DNA structure 

• Cost of second whole 

genome sequence = US$ 

1 million 



Whole genome sequencing   

• Just celebrities or big egos?  

• 1000 genome study UK 

• Human Variation Study different populations 

• Personal Genome Project at University of Harvard  

up to 100,000 people

• Up to end of 2011 around 30,000 people have had 

full genome sequences    



Current problems of the US$ 1,000 whole 
genome scan   

• Volume of data

– 3 billion nucleotides per person (can sequence coding 

genes only which is 1% - exome sequencing) 

• Accuracy of sequencing

– at present need to confirm results on Sanger sequence

• Bioinformatic screening of data

– software to sieve out normal variation or polymorphism 

and to predict important changes 

• Clinical interpretation of results 

Pandora’s box effect

unwanted results  leading to 

psychological distress 



How might we use whole genome scans?   

1. Probably not to look at everything, but rather to answer 

clinical questions 

2. Diagnostic testing for deafness, blindness and mental 

handicap

3. Specific diagnosis of causes (e.g. epilepsy or 

hypertension) leading to focused treatment 

4. Pharmacogenetic screen to avoid drug reactions  

We will be able to look for 

everything all of the time
But do we want to?



How might we be using whole gene scans? 

Profiling cancers 

• Pathologists have used 

histology to determine 

the grade or prognosis 

of a tumour 

• Gene expression 

profiles may come to 

be used in same way  





Histopathology 
Genomic pathology



Direct Consumer Gene Testing ? 
Two approaches: a) SNP

SNP (Single nucleotide polymorphism) analysis 

1) 23 and me 

2) Decode 

3) Navigen

Sergey Brin and Anne Wojcicki

https://www.23andme.com/

https://www.23andme.com/




https://www.23andme.com/howitworks/

https://www.23andme.com/howitworks/


32

https://www.23andme.com/health/all/

https://www.23andme.com/health/all/
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https://www.23andme.com/you/23andwe/discoveries/

https://www.23andme.com/you/23andwe/discoveries/


How do the SNP predictions compare with other 
clinical data?*

• Will pick up 10% of people with >1.4 relative risk 

• In this 10% average relative risk is 1.6 

• Raised LDL Cholesterol gives 1.3 RR

• 23andMe plan to include other environmental and ethnic 

parameters 

• Therefore SNP + LDL Cholesterol + age =? 

*Helgason & Stefansson 2010 

Disorder /Test Relative risk 

LDL Cholesterol 1.3 x

SNP coronary heart disease 1.6 x

SNP / Cholesterol / BMI ??? 

BRCA1 /BRACA2 Breast cancer 5 x

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3181949/pdf/DialoguesClinNeurosci-12-61.pdf

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3181949/pdf/DialoguesClinNeurosci-12-61.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3181949/pdf/DialoguesClinNeurosci-12-61.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3181949/pdf/DialoguesClinNeurosci-12-61.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3181949/pdf/DialoguesClinNeurosci-12-61.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3181949/pdf/DialoguesClinNeurosci-12-61.pdf


“Lifestyle / Risk Guru” 

• New role for advising on 

risk and supporting life 

changes 

• New Age GP 

• Mentor 

• E-Coach

• Ying Yang balance 

...it is about balance



“Other types of Guru” 



Direct Consumer Gene Testing ? 
Two approaches: b) Whole Gene Sequencing 

Two potential companies 

1) Knome $100,000

2) Complete Genomics  $ 5,000  

(but only research samples at present) 





Whole Gene Sequencing 

• Whole gene sequencing will do all that SNPs do 

but with more data

• Most of population is a slightly greater or lesser 

risk of disease unless predicted to have a single 

gene disorder from their family history

– therefore most will remain around average risk 

– but some may find unexpected major disease 

risk



Medical Conclusions            Actuarial Questions

1. New genetic testing will continue to increase in power and reduce 
in cost

2. Technical problems of accuracy and interpretation can be resolved 

3. This will lead to improved medical diagnosis and treatment 

4. This could reduce the cost and improve the effectiveness of 
healthcare - health providers will encourage it’s use

5. Good for health and longevity

6. Life style improvements have already helped to increase life 
expectancy but newer preventive therapies will be developed 

7. How much could this improve life expectancy in next 40 years?

8. Direct consumer testing by Google is a disruptor in innovation and 
users will increase exponentially outside any national control

9. If the customer has risk information that the insurance company 
does not have or cannot use – will selective insurance survive, or 
how will it adapt? 
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Greg Becker

Implications for Insurance
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Current Status: Moratorium until 2017, to be 
reviewed in 2014

• Moratorium is the starting 

point

– In 2014 we’ll be making 

decisions relating to 

2017+

• European law can trump 

local initiatives

– There are already wide 

differences across Europe

© 2010 The Actuarial Profession  www.actuaries.org.uk

http://www.abi.org.uk/Media/Releases/2011/04/Insurance_Genetics_Moratorium_extended_to_2017.aspx

Gender directive take 2...

http://www.abi.org.uk/Media/Releases/2011/04/Insurance_Genetics_Moratorium_extended_to_2017.aspx


Life Insurance

• Anti-selection

– impact on 'quality of 

business' - people get tests 

and if the tests say they're 

sub-standard, they'll take 

out policies

– selective lapses

• Reducing Medical Errors

• Life settlements and viaticals
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Could 23andME help to reduce the 100,000

prescription drug related deaths each year in the US?

http://www.cancure.org/medical_errors.htm

http://www.cancure.org/medical_errors.htm


Critical Illness

• What is a diagnosis? 

– Can it be based on genetic analysis?

• When is a payout due? 

– Symptomatic? 

– If it is in your genes, is it from birth?

• Is an illness with genetic causes a pre-existing condition?

• What does earlier diagnosis on a policy with a limited term do to

– Claim rates

– Anti-selection rates

• Anti-selection of those who know their genetic future
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Annuity/longevity products

• Impaired annuities

– genetic 'readout': could it be used 

to demonstrate ill-health

• Standard annuity

– anti-selection where only 'high 

quality' lives take out the product

• All annuities

– medical advances and improved 

life expectancy due to early 

diagnosis and improved treatment
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Random clinical trial of those who had a gentics

test to see if insurance product purchasing 

behaviour was special: for LTC products it was!



Factors that can have a big effect

• Take-up within society

– Can be quick or slow

– Influenced by cost, reputation, 

benefits

• Differ by socio-economic groups

• Incremental changes; Seismic shift

– e.g. Smoking, ARVs, Viagra
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You, the audience

Ethical questions

Closing comments

Outstanding questions
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Outstanding questions, outstanding because 
they’re good or unanswered?

• What is a pre-existing condition?

• Information asymmetry: when is it good/bad - because the use 
of the information means that someone will get a higher price for 
their life insurance/annuity

– but what if the higher price is the more accurate price?

– if you have a test, should the information be made available?

– if you have not had a test, could having a test be mandatory?

• What is the accuracy of these tests: if they are inaccurate, is 
their use like that of a 'generalisation’?

• Proactive use of the data by individuals - should this to be 
encouraged?

– e.g. people presenting at ill-health annuity application

– is there a difference in mandatory or optional use?
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Outstanding questions, outstanding because 
they’re good or unanswered?

• Should/will companies take advantage of the genetic information and 
the asymmetry?

• What does this mean for the cost of underwriting when each has many 
complex predictors of disease and each is different? 

• What would it mean if the predictors of early death or longevity were 
comprehensive and more accurate than existing processes and 
calculations? 

• Will clients ever go to a PGA (a Personal Genetic Advisor) to get an 
estimate of their longevity, and plan savings according to this, or even 
bet against the insurance providers?

– Will a traded life settlements market emerge to take the bets?

• Should pension schemes ask those predicted to be centenarians to 
retire later and encourage the members to build up a large enough pot 
to cover their predicted life span?

• What will 2020 look like?
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Could, would, should ...



Starting with a quiz
Raise your hand if you:

1. know what a single nucleotide polymorphism is?

2. know what whole genome sequencing is?

3. have you heard of www.23andme.com?

4. should we extend the moratorium?

5. when reviewing the moratorium, should the scope be 

amended?

6. will laws in Europe trump those made in the UK?
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Catnap Plus Doze

http://www.23andme.com/


Questions or comments?

Expressions of individual views by 

members of The Actuarial Profession 

and its staff are encouraged.

The views expressed in this presentation 

are those of the presenter.
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