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Disclaimer

The following presentation is for general information, education and discussion
purposes only.

Views or opinions expressed, whether oral or in writing do not necessarily reflect
those of PartnerRe nor do they constitute legal or professional advice.
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Quiz

In 2015, what was the average life expectancy at birth of the global population?

76.8 years (average life expectancy in the European region)

/1.4 years

67.7 years (global life expectancy at birth in 2000)

Al B b

63.1 years (2015 healthy life expectancy at birth)
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Quiz

Which country currently has the total longest life expectancy?

1. Japan

2. Switzerland (longest male life expectancy — 81.3 years)

3. Norway (longest life expectancy in 1960 — 73.6 years)
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Quiz

What is the socio-economic gap in male life expectancy at birth in England and
Wales?

3.7 years (UK gendergap)

5.9 years

7.3 years (US gap between highest and lowest educational groups)

Il BN

9.3 years (gap between Mexico and Japan female life expectancy)
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Why this presentation?
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Drivers of Future Longevity

= Introduction: A Look Back

= Medical Progress

= Socio-economic Influences

= Medical Progress — the Next Generation

=  Conclusion
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Development of Life Expectancy
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Development of Life Expectancy
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Development of Life Expectancy
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Development of Life Expectancy
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Death rate by age, England and Wales, 1915 to 2015
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What happened in the 20t century?

Age-adjusted Death Rates for Selected Major Causes of Death: United States, 1900-2013+:

Influenza and Pneumonia
md Major causes of death
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Drivers of Future Longevity

= [ntroduction: A Look Back

= Medical Progress

=  Socio-economic Influences

= Medical Progress — the Next Generation

= Conclusion

Institute
and Faculty
of Actuaries

B
A

o)
LR

24 November 2017 Drivers of future longevity 16



Gains in life expectancy are dropping

United States: Change in life expectancy at birth (both sexes)

Life expectancy 1990 32015
1990 (75) 2000 (77) HIV/AIDS & tuberculosis

1 I Diarrhea/LRI/other

I NTDs & malaria
1990-2000 +2yrs IMdLHIIIdl disorders
i INeunataI disorders

I Nutritional deficiencies

Cancers

Cardiovascular diseases
2000 (77) 2010(78.8) Ichronic respiratory

| Cirrhosis

IDigesﬂve diseases
2000-2010 +1.8yrs | neurological disorders

IMem:aI & substance use

IDIabel:es{urnq/blnnd/endo
IMuscquskeleta\ disorders
J other non-communicable
2010 (78.8) 2015 (79.1) Transport injuries
I Unintentional injuries
ISeIf-harrn & violence

2010-2015 +0.3yrs | war & disaster

a) NTDS are neglected tropical diseases (e.g.
haokworm, dengue fever, leprosy)

b} " Diabetes" includes urogenital, blood, and
endocrine diseases

74 75 76 V2. 78 79 80 gggﬁ Institute
source: Institute for Health Metrics and Evaluation , J% ‘ and Facu lty
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Heart disease: past and present

Influenza and Pneumonia

« Medical innovations &

— CAD investigation & treatment: ICU,
coronary angiogram, clot busters, CABG,
stents

Rate per 100,000 U S. standard population

— BP control and new drugs — ACE inhibitors

— Lipid research, treatment with statins

— Heart rhythm control, atrial fibrillation,

anticoagulants, pacemakers, ICD - Other heart
+ Public health, lifestyle — Congenital heart defectsurgery
— Immunization — Disappearance of rheumatic heart disease
— Education, screening for BP, cholesterol, %ﬁ Institute
smoking, diabetes, diet, exercise (v) i
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Heart disease: future

* Future -

Influenza and Pneumonia

Primary goal is prevention of coronary artery disease
Established disease cannot be reversed

Innovations in medical treatment will benefit, but...

Most gains through CV risk factor reduction and treatment

Challenge of publicinertia to healthy diet, weight loss, exercise,
smoking cessation, treatment

Political role, e.g. banning softdrinks in schools, smoking in
public places, and more?

Continued mortality improvement may prove difficult with obesity
epidemic 22

NG
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Cancer: present and future

« Medical innovations

— Early detection, screening — mammography, PSA, occult blood,
chest X-ray, family history

Influenza and Pneumonia

— Improved imaging =
— Surgical improvements, more localized treatment

— Chemotherapy, radiotherapy

Rate per 100,000 U_S. standard population
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Trends in 5-year Relative Survival Rates (%), 1975-2012

Site 1975-1977  1987-1989  2006-2012
All sites 49 55 69
Breast (female) 75 84 91
Colorectum 50 60 66
Leukemia 34 43 63
Lung & bronchus 12 13 19
Melanoma of the skin 82 88 93
Non-Hodgkin lymphoma 47 51 73
Ovary 36 38 46
Pancreas 3 4 9
Prostate 68 83 99
Urinary bladder 72 79 79 ZES. | institute
. _ _ ﬁ@\ and Faculty
Source: American Cancer Society & SEER con. 9 | of Actuaries
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Cancer: present and future

standard population

* Future ‘.,

— Liquid biopsy

— Immunotherapy

— Check-pointinhibitors
— Personalized medicine

— Early detectionthrough screening at risk populations

+ Challenges and limitations
— Widespread, unselected screening — too many false positives

— Personalized treatments will be very expensive, and regulatory barriers

— Current treatment effective, breastcancer 92% 5 yr survival, but lung cancer still lagsat 19% .
) ) I.x@x.\ and Faculty
— Improvements in LE slowing L2217 | of Actuaries
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Influenza and Pneumonia

Stroke: present and future

* Medical innovations :

— Dedicated stroke units =

— Thrombolytics
— BP control and new drugs — ACE inhibitors
— Lipid research, treatment with statins

— Heart rhythm control, atrial fibrillation, anticoagulants, ablation

* Future
— Regrowth of dead brain tissue unlikely
— Improvements more in disability

— Benefits at older ages have lessimpact on longevity %%agﬁ
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What risk factors most drive death and disability — UK?

Metabolic risks
Envircnmental/occupational risks

Behavioral risks

2005 ranking

Tebacco

Dietary risks

High blcod pressure

High bedy-mass index
Alcchel & drug use

High total cholestercl

High fasting plasma glucose
Occupaticnal risks

&ijr pollution

Low physical activity

Impaired kidney functicn

2016 ranking

Tebacco

Distary risks

High blood pressure

High body-mass index
Alccheol & drug use

High total cholestercl

High fasting plasma glucose
Occupational risks

Air pollution

Impaired kidney function

Low physical activity

Source: Institute of Health Metrics and Evaluation

% change 2005-2015
-F7%
-15.9%
17 7%
-0.7%
2.0%
-21.6%
-10.0%
3.3%
-15.0%
4.4%

17 2%
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Antimicrobial resistance - AMR

. L . New Antibiotic Approvals
* Rapid growth of antibiotic resistance in the us

i 1
- Caesarean deliveries, joint replacements, cancer drugs and organ I I I I I I

transplants supported and made safe by antibiotics 1980 19851990 19~ 200- 2005- 200-

1984 1980 1994 1999 2004 2009 20M

* Primary causes - overuse of antibiotics in human and veterinary
care

= & 5 3

=1

* Methicillin-Resistant Staphylococcus Aureus (MRSA): kills more
Americans than HIV/AIDS, Parkinson’s, Emphysema & Homicide

R - -]

-« Steady fall in new antibiotic development last 30 years, inadequate Source: PT. 2016 Apr0(4) 27783
to replace obsolescence from AMR

* More difficult to find new antibiotic than other drugs & less profit oS
@ Institute
- Patents expire before R&D costs recouped (@i“ and Facuity
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Obesity Epidemic

1994

Obesity (BMI230 kg/m?)

Diabetes

N 22 0%-259% N =26.0%

[ Missing Data 0 <140% & Mssingdata 3 <4.5%

[ 14.0-17.9% I 18.0-21.9% & 45-59% B 60-74%

220 -259% . 226 0% B 75-89% m 29.0%
Obesity (BMIZ30 kg/m?) Diabetes

[ Missing Data <14.0% 1 Missing data “4.5%

140%-179% W 18.0%-219% . 45%59% . 6.0%-7.4%
. 75%-80%  mm >00%

Sources:  http:/Amww.cdc.gov

Changing Geographic Patterns

of Heart Disease Mortality in the US
1973-2010

1973-1974
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Age-adjusted high total cholesterol and low HDL among
US adults 1999-2000 to 2015-2016

m —
25 = Low high-density lipoprotein cholesterol®=2
222 213
High total cholesterol’ 1.8
m -
18.3 174 18.4
g 15
10
5 —
0 1 | 1 I 1 1 I 1 I
1988 2001= 2003 2005- 2007= 2008-= 2011= 20158 2015=
2000 2002 2004 2006 2008 2010 2012 2014 2016 ‘ngﬁ .
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Drivers of Future Longevity

= [ntroduction: A Look Back

» Medical Progress

= Socio-economic Influences

= Medical Progress — the Next Generation

= Conclusion
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Life Expectancy vs. GDP per Capita

80+
70
3
)
& -
60 “
50+
$500 $5 000 $50 000 ;ﬂﬁ% stute
Source: gapminder.org ,:@‘ 2?i<'::tau(;url|?s
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Social disparity — Life expectancy

82
80
78
76
74
72
70
1982-1986 1987-1991 1992-1996 1997-2001 2002-2006 2007-2011
Class 1 Class 2 Class 3 Class 4 Class 5 Class 6 Class 7 -
%@5 Institute
i@% and Faculty
Source: ONS Longitudinal Study w of Actuaries
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24 November 2017

250

200
206
184
150 16.0 ah 16.3
140
13.2
100
50
0.0

Least
Deprived Index of Multiple Deprivation Decile 2010 (lower tier)

Smoking prevalence (%)

Source: Public health England
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Social disparity — Childhood diet

Consume 5 or more portions of fruit and vegetable a day

Percent
Least
deprived depnved
I
. : . gﬂ?§ Institute

Source: Health and Social Care Information Centre (HSCIC) S
[/ N\ | and Faculty
22 | of Actuaries
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Social disparity — Child obesity

25%

20%

Obesity prevalence
&
x

2

0%

Source: Public healtn engiana

B Year 6

M Reception

Least
deprived

Index of Multiple Deprivation 2010 decile

Most
deprived
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BAdmssion Episcdes for alcohol-relaled conditons - Narrow (per 10,000)
70 4

mAiconhol-refaled Mortalty (per 100,000)

56.6 56.9
5.7
8.6 40.5 39.8

Rate

T

Least
Deprved Index of Multiple Deprivation 2010 decile (lower tier)
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Social disparity — Physical inactivity

35%
30%
25%
20%
15%
10%
5%
0%
Least deprived Most dep%ﬂ
% Inacti !E Institute
nactive d Facul
Source: Public health England 0 ,‘_\\@4\ g? ActauCaL:,iEyS
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Drivers of Future Longevity

= [ntroduction: A Look Back

» Medical Progress

= Socio-economic Influences

= Medical Progress — the Next Generation

=  Conclusion
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Medical Progress —the Next Generation

- Gains of medical progress can’t repeat the old and will need new directions,
but basics remain.....

* Prevention, early diagnosis, lifestyle improvements remain important
- What will make the difference?

— Artificial intelligence

— Genomics

— Stem cell therapy
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The Next Generation — Artificial Intelligence

+ Diagnosis
— interpreting images, Al software to analyse symptoms and signs
* Online consultations
— Babylon app asks questions, arranges online GP appointment and sends prescriptions
» Treatment
— IBM Watson assisting in cancer therapy
+ Precision medicine
— search and match mutations with diseases in huge data sets of genetic information and medical records
* Drug creation
— Al technology can do 2 months work in one day searching therapies based on molecular structure

* Healthcare revolution
|
— possible only if available to mainstream users LY,

AN
£
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The Next Generation - Genomics

- Gene editing

— CRISPR/Cas9and other molecular scissorson cells
outside body and re-infusing them

— Infusing molecular scissors which are activated in
target tissue, e.g. Hunter's syndrome in liver

— Stillin R&D
— Potential for single-gene disorders such as cystic
fibrosis, haemophilia, and sickle cell disease Cleavage
@ PreCISlon Or personallzed medl(;lne https://upload.wikimedia.org/wikipedia/commons/5/51/GRNA-Cas9.png

— Mining data sets of genetic information and medical
records to find links between mutations and disease

— Developing cancerdrugs for mutations found
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The Next Generation - Stem cell therapy

MODERN MEDICINE

* Regenerative medicine -
Soon printing a human heart on
— Heart damage repair demand will no longer be sci-fi
— Diabetestype 1 nonme
— Replacing organs - joints, trachea, skin, bladder, heart /:

+ Hematopoietic stem cell transplantation (bone marrow
or umbilical cord blood)

— thalassaemia, sickle-cell disease, leukaemia :
* Microtissue platforms ("Organ on a chip”) mimics Specific | mowwser oo o
organ functions
— Heart, kidney, lung
— Testing of drugs & replace animal testing
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Drivers of Future Longevity
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Conclusions

+ Gains in medical progress can'’t repeat the old and need new
directions, but basics remain.....

* Prevention, immunization, screening, early diagnosis, lifestyle
Improvements

 Future medical gains in LE?
— Atrtificial intelligence
— Genomics

— Stem cell therapy

» Potential losses in LE?

P

— AMR, obesity, alcohol and drug abuse, pollution, climate change, ;@ﬁﬁ Institute
. . ,Jw\i and Faculty
population growth, food shortage, conflicts LT | of Actuaries

24 November2017 Drivers of future longevity 42



Questions

The views expressed in this [publication/presentation] are those ofinvited contributors and notnecessarilythose of the IFo A. The IFOA do not endorse anyof the
views stated, norany claims orrepresentations made in this [publication/presentation] and acceptno responsibilityor liability to any person forloss ordamage
suffered as a consequence oftheir placing reliance upon any view, claim or representation made in this [publication/presentation].

The information and expressions of opinion contained in this publication are notintended to be a comprehensive study, nor to provide actuarial advice or advice
of any nature and should notbe treated as a substitute for specific advice concerning individual situations. On no accountm ay any part of this
[publication/presentation] be reproduced without the written permission ofthe IFOA [or authors, in the case of non-IFoAresearch].
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