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Chapter 1

The new genetic world
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We have witnessed a revolution in genetic technology and discovery.



Chapter 2

Nicotine use disorder requires smoking initiation



Environmental and genetic factors influence each 
step in the transition to addiction

Initiation
First puff – First cigarette

Established smoking
100 cigarettes lifetime

Nicotine Use Disorder

Never Use



Genetic factors strongly influence the 
transition to nicotine use disorder
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Chapter 3

Variation in genes for nicotinic acetylcholine receptors and 
nicotine metabolism are the strongest contributors to smoking 
behaviors.



Human Molecular Genetics  2007



Nature, 2008



Thorgeirsson et al., 2010

TAG Consortium, 2010

Liu et al., 2010



Genome Wide Association with Cigarettes per Day
A Proxy for Nicotine Use Disorder

GSCAN Consortium., 2018

CHRNA5 – nicotinic receptor subunit

CYP2A6 –
nicotine 
metabolizing 
gene
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Cessation – the ultimate goal



Smoking Cessation

Initiation
First puff – First cigarette

Established smoking 
100 cigarettes lifetime

Nicotine Use Disorder

Never Use

Cessation



Genetic Variants Predict Smoking Cessation Success





Median age of smoking cessation

Low genetic risk 52 years
High genetic risk 56 years

Median age of lung cancer diagnosis

Low genetic risk  65 years
High genetic risk 61 years
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On the road to precision health



The Challenge…
moving science into the community





Smoking status
Total Current Former

N 142,973 40,988 101,985

Age (years) 57.5 ± 7.9 54.8 ± 8.1 58.6 ± 7.5

Sex, n (%)
Female 65,383 (45.7) 19,138 (46.7) 46,245 (45.3)
Male 77,590 (54.3) 21,850 (53.3) 55,740 (54.7)

Education (years) 13.2 ± 5.1 12.6 ± 5.0 13.5 ± 5.2

Age started smoking (years) 17.3 ± 3.6 17.5 ± 4.3 17.2 ± 3.3

Duration smoked (years) 26.6 ± 12.9 37.3 ± 9.0 22.3 ± 11.6

Pack years of smoking 24.5 ± 19.2 29.9 ± 19.3 22.3 ± 18.8

UK Biobank dataset - Demographics and sample characteristics by smoking status
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How to apply genetic knowledge into precision health

• Complex behaviors and diseases occur as a result of many 
genomic variants, paired with environmental influences.

• A polygenic score tells you how a person’s genomic risk 
compares to others.



Across a population, a polygenic score is a normal distribution 

• Over 100,000 
variants 
contribute to 
our genetic 
profile.



Polygenic 
score decile

Proportion continued smoking
Age 40 Age 50 Age 60

Bottom 10% 0.41 0.18 0.04
10-20% 0.42 0.20 0.05
20-30% 0.44 0.21 0.06
30-40% 0.47 0.23 0.07
40-50% 0.50 0.28 0.10
50-60% 0.55 0.34 0.14
60-70% 0.62 0.44 0.24
70-80% 0.74 0.59 0.41
80-90% 0.86 0.78 0.67
Top 10% 0.96 0.93 0.90

People with a higher polygenic risk are more likely 
to continue smoking at age 40, 50, and 60
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Proportion continued smoking
Age 40 Age 50 Age 60

Bottom 10% 0.41 0.18 0.04
10-20% 0.42 0.20 0.05
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We selected a threshold of the lower 60% of risk



Proportion smoking by 
polygenic score

The lowest polygenic score group -
lowest 60%, by age 40 half have quit 
smoking and by age 60 most have 
quit.
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Proportion smoking by 
polygenic score

The lowest polygenic score group - lowest 60%, by age 40 
half have quit smoking and by age 60 most have quit.

60%- 70% group –
Median age of quitting smoking is 48

70%-80% group –
Median age of quitting smoking is 56

80%-90% group –
At age 60, 67% continue to smoke

Top 10% -
At age 60, 90% continue to smoke



When do you bring a test into clinical care

!Analytic validity
!Clinical validity
!Clinical utility
!Ethical and social issues
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When do you bring a test into clinical care

!Analytic validity
!Clinical validity
!Clinical utility
!Ethical and social issues



The time is nowfor precision health

• A person’s genetic variation predicts their difficulty quitting 
smoking and smoking related health outcomes.

• Those at highest genetic risk need to strongest treatment to 
successfully quit smoking.

• Should we consider harm reduction strategies for those at 
highest genetic risk?
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