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Clinical observation
Family history of heart attack linked to increased risk

JAMA (1951)

Cases
N = 100

Controls
N = 146

Family
History 27% 14%



Traditional approach to DNA-based prediction
focused on rare, monogenic mutations

Author notes
Please check these figures carefully and return any comments/amendments that you might have to 
me as soon as possible. In particular, we would like you to check the following:
 
• Do the figures convey the intended message?
• Are all the labels accurate and in the right place?
• Are all the arrows in the right place?
• Are any chemical structures correct?
• Have shapes and colours been used consistently and accurately throughout the figures?
• Have any of the figures been previously published, or have they been supplied by a colleague(s) 

who is not a named author on the article?

To mark up any corrections, please use the commenting tools in the PDF, or print and draw by hand, 
rather than directly editing the PDFs.

Fig 1

Nature Reviews | Genetics

• SORT1 
• PCSK9
• APOB
• ABCG5–
   ABCG8 
• LPA
• LIPA
• LDLR
• APOE

• LPL 
• TRIB1
• APOA5/A4/

C3/A1
• ANGPTL4

• IL6R
• CXCL12
• SH2B3

• COL4A1–COL4A2 
• MIA3
• REST–NOA1
• ZC3HC1
• 9p21 
• PDGFD
• SWAP70
• KSR2
• ADAMTS7
• BCAS3
• FLT1 
• SMAD3 

• GUCY1A3
• EDNRA
• NOS3
• FURIN–FES 

• PPAP2B
• WDR12 
• VAMP5–VAMP8–
   GGCX
• ZEB2
• AK097927
• MRAS
• SLC22A4–SLC22A5 
• ANKS1A
• PHACTR1
• TCF21
• KCNK5
• PLG
• HDAC9
• ABO
• SVEP1

• CYP17A1–CNNM2–
NT5C2 KIAA1462

• ATP2B1
• HHIPL1
• MFGE8–ABHD2  

SMG6–SRR RASD1–
SMCR3–PEMT

• UBE2Z–GIP–
ATP5G1–SNF8

• PMAIP1–MC4R 
ZNF507

• SLC5A3–MRPS6–
KCNE2 
POM121L9P–
ADORA2A 

Triglyceride-rich 
lipoproteins

LDL cholesterol
and lipoprotein(a)

+nȯammation Cellular proliferation 
and vascular 
remodelling

Vascular tone 
and nitric oxide 

signalling

 2athway remains uncertain

Vasodilation

Nature Reviews | Genetics

Manuscript number NRG-15-099 Kathiresan 29|11|16

Heart attack
3x increased risk ↑ Cholesterol

Familial hypercholesterolemia

0.4% of the population



How might DNA predispose to heart attack?
2 models – monogenic and polygenic

Monogenic

Polygenic

Rare driver mutation in each individual

Cumulative impact of many variants



Can a polygenic score identify individuals with risk 
equivalent to a monogenic mutation?

Khera,* Chaffin,* … Kathiresan | Nat Genetics | 2018
Khera,* Chaffin,* … Kathiresan | Circulation| 2018



Test genome-wide polygenic score
in 300,000 additional people

Normally distributed in 
population



Test genome-wide polygenic score
in 300,000 additional people

Normally distributed in 
population

Significant gradient
in risk



Top 8% of the population has polygenic risk equivalent
to a monogenic mutation

Greater than
3-fold risk



Traditional risk factors used in clinical practice
are inadequate to pinpoint at-risk patients

Some traditional risk factors are slightly elevated, 
but not enough to be useful

Remainder 
of population

Top 8% 
of polygenic score

Family history 35% 44%
Hypertension 28% 32%
Type 2 diabetes 2% 2.7%
Hypercholesterolemia 13% 20%

Current smoking 9.2% 9.5%
Body mass index 27.3 27.7
Systolic blood pressure 140 141



Genome-wide polygenic score for heart attack
identifies 20x than monogenic mutations

Prevalence

Mode of detection

Odd ratio for MI

Intervention

Monogenic Polygenic

0.4%

3x

↑ LDL-cholesterol

8%

3x

Currently 
undiagnosed

Lifestyle
Medication

Statin, ezetimibe
PCSK9i



Approach works for other common diseases . . .
including those without monogenic risk factors

% of population
at >3-fold risk

Heart attack 8.0%
Atrial fibrillation 6.1%
Diabetes 3.5%
Inflam. bowel 3.2%
Breast cancer 1.5%

Atrial fib. Diabetes

Inflam. bowel Breast cancer



How does polygenic susceptibility to obesity 
impact weight over the lifespan?

Khera,* Chaffin,* … Kathiresan | Cell| 2019



Genome-wide polygenic score for obesity
2.1 million variants

Discovery GWAS
2.1 million variants

N > 300,000 

Locke et al. 2015

Normal distribution
N = 288,016



Impact of polygenic obesity to obesity in
Middle age

UK Biobank
288,016 participants
Mean age 57



Impact of polygenic obesity to obesity in
Middle age

UK Biobank
288,016 participants
Mean age 57

Weight

Gradient across deciles
29 pounds
+ 4.8 kg/m2 159 lbs

188 lbs



Impact of polygenic obesity to obesity in
Middle age

UK Biobank
288,016 participants
Mean age 57

Severe obesity

Gradient across deciles
25-fold
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Impact of polygenic obesity to obesity in
Young adulthood

Framingham / CARDIA
3,722 participants
Mean age 28
Followed 27 years
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Impact of polygenic obesity to obesity in childhood
Birth – 18 years

ALSPAC birth cohort
7,425 participants
Recruited 1991-1992
Followed birth to age 18
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B. 8 Months (N=5,011)

Impact of polygenic obesity to obesity in childhood
Birth – 18 years

ALSPAC birth cohort
7,425 participants
Recruited 1991-1992
Followed birth to age 18

8 months



●
●

●

●

●

●

●

● ●

●

25.00

25.25

25.50

25.75

26.00

1 2 3 4 5 6 7 8 9 10

Polygenic Score Decile
W

ei
gh

t, 
Po

un
ds

 (M
ea

n 
+/
− 

95
%

C
I)

C. 18 Months (N=3,955)

Impact of polygenic obesity to obesity in childhood
Birth – 18 years

ALSPAC birth cohort
7,425 participants
Recruited 1991-1992
Followed birth to age 18

18 months
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D. 3.5 Years (N=3,321)

Impact of polygenic obesity to obesity in childhood
Birth – 18 years

ALSPAC birth cohort
7,425 participants
Recruited 1991-1992
Followed birth to age 18

3.5 years



●

●

●

●
●

●
● ●

●

●

54

56

58

60

62

1 2 3 4 5 6 7 8 9 10

Polygenic Score Decile
W

ei
gh

t, 
Po

un
ds

 (M
ea

n 
+/
− 

95
%

C
I)

E. 8 Years (N=6,049)

Impact of polygenic obesity to obesity in childhood
Birth – 18 years

ALSPAC birth cohort
7,425 participants
Recruited 1991-1992
Followed birth to age 18

8 years
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F. 18 Years (N=3,614)

Impact of polygenic obesity to obesity in childhood
Birth – 18 years

ALSPAC birth cohort
7,425 participants
Recruited 1991-1992
Followed birth to age 18

18 years



Impact of polygenic obesity to obesity in childhood
Birth – 18 years

●

●

●

●

●
● ●

● ●
●

7.4

7.5

7.6

7.7

1 2 3 4 5 6 7 8 9 10
Polygenic Score Decile

W
ei

gh
t, 

Po
un

ds
 (M

ea
n 

+/
− 

95
%

C
I)

A. Birth (N= 7,425)

●

●
● ●

●

●
● ●

●

●

34

35

36

37

1 2 3 4 5 6 7 8 9 10
Polygenic Score Decile

W
ei

gh
t, 

Po
un

ds
 (M

ea
n 

+/
− 

95
%

C
I)

D. 3.5 Years (N=3,321)
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How does polygenic susceptibility to 
Alzheimer’s dementia impact risk?

Zahid* … Khera | Manuscript in preparation



Polygenic score for Alzheimer’s disease
5-fold risk gradient across deciles in middle age



Polygenic score for Alzheimer’s disease
5-fold risk gradient across deciles in middle-age

ApoE locus: 
70% of predictive value

Remaining variants: 
30% of predictive value



Polygenic score for Alzheimer’s disease
Impact increases with age

Dementia diagnosis



Polygenic score for Alzheimer’s disease
Impact increases with age
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Impact increases with age
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Polygenic score for Alzheimer’s disease
Impact increases with age

Polygenic score for Alzheimer’s disease
Impact increases with age

Dementia diagnosis Cognitive function



Polygenic score for Alzheimer’s disease
Impact increases with age

Polygenic score for Alzheimer’s disease
Impact increases with age

Dementia diagnosis Cognitive function



Conclusions @amitvkhera

Polygenic scores enable ‘genome-interpretation’ from 
the time of birth for a range of important diseases

and they will continue to improve in coming years



Conclusions @amitvkhera

Polygenic scores enable ‘genome-interpretation’ from 
the time of birth for a range of important diseases

and they will continue to improve in coming years

IDENTIFY
high-risk 

individuals

DISCLOSE
risk to 

participants

INTERVENE
to decrease 

risk of disease


