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Supercentenarian (age>110)
Approximately 1 in 1000 Centenarians become Supercentenarians

Emma Morano
29 November 1899 – 15 April 2017

• Before her death at 117, Emma was the last living 
person born in the 1800s. She remains the oldest 
Italian ever. 

• Emma credited her longevity success in part to eating 
raw eggs, cookies, staying single, and positive thinking. 

https://en.wikipedia.org/wiki/Emma_Morano
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Presentation Notes
Joke on the second bullet point:  “Maybe actuaries have something to learn from Emma.”



Mortality Improvement Overview

Life, Annuity, & Health Blocks

Understanding the Past & Present

Modeling Approaches

Framing the Future – Current Trends
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Changing Life Expectancy

Three Different Country Experiences
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Presentation Notes
Mortality Improvement is changing but hard to predict

Three Different Experiences:
In 1960, Chile was far behind the U.S.
Life expectancy was only around 55, 10 years less than the U.S.
But by 2016 they had caught up
Russia has had both improvements and declines in life expectancy
The trend isn’t always constantly improving
The U.S. has shown improvement
The mortality improvement isn’t quite as dramatic as Chile
Recent improvement has been slowing


https://data.worldbank.org/indicator/SP.DYN.LE00.MA.IN?name_desc=false


Life Insurance Mortality Considerations
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Underwriting for Mortality Risk is Changing in Life Insurance

Quicker, Paperless, & Less Invasive Underwriting 

Alternative Sources for Health Information

Net Amount at Risk Is Significant (e.g. Pandemic PV impact)

Presenter
Presentation Notes
Underwriting is Very Important for Life Insurance Because of Anti-Selection Risk
Technology and Improving the Customer Experience is driving this change
Disease Pandemics and Other Severe Events Can Have an Immediate “Shock” On a Life Company
Many products have premiums or other charges that are adjustable to recoup losses as a result of adverse deviations in experience.



Annuity & Pension Mortality Considerations
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High-Level Risk Assessment on Group & Pension Business 
No Underwriting for Retail Annuities

Pension Transfer Market - Large Blocks of Liability Being Transferred In Single Transactions 

Longevity Risk is a “Slow Bleed” Risk that Can Emerge Over Time

Perpetuity Value is an Upper Bound on PV (interest-rate sensitive) 

Longevity Risk & Mortality Risk Can Be Somewhat Offsetting

Presenter
Presentation Notes
In general, we don’t underwrite to gain insight into how healthy someone could be
Some companies don’t want to manage this on their balance sheet
There is a risk over time, but it wouldn’t all come due at once like a Life Insurance shock event	
Underfunded Public Programs like Social Security Annuities are an example
There is a lot of analysis that is needed to understand what that offset might be



Health & Disability Morbidity Considerations
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Morbidity and Mortality are Related but Difficult To Correlate

Costs are Driven by the Length and Severity of Sickness

Some Liabilities Can Be Hard to Invest For and Predict (LTC)

Presenter
Presentation Notes
Correlation and Offsets with Life & Annuity business is difficult to quantify
Talking very broadly about “Health” products such as Health Insurance, Disability, Critical Illness, Long Term Care, etc.
Long Term Care products even have “rate adjustments” to deal with this difficulty 



Historical Mortality Improvement

https://ourworldindata.org/life-expectancy (CLIO-INFRA TO 1949; UN POPULATION DIV FOR 1950 TO 2015)

20th Century

HISTORICAL DRIVERS

Clean Water
Sanitation
Vaccinations
Child Mortality Improvement
Smoking Cessation
Improved Work Environments
Statins & Other Drugs
Rise in Wealth

1901

2015

Presenter
Presentation Notes
India has roughly doubled the life expectancy at birth
Historical studies can have missing information
Not all country-level data is available when you look back in time
“A Rising Tide Lifts All Boats”
At a country level:
The Lowest Life Expectancy Today > The Highest Expectancy 100 years ago   




U.S. Historical Mortality Improvement
“Cohort Effects” Seen Along a 45° Diagonal

https://www.soa.org/resources/experience-studies/2018/mortality-improvement-scale-mp-2018/

The vertical dashed white line on the heat map is the boundary between the historical and 
projected rates, and the thin vertical gray lines indicate the 2018 rates. 

Presenter
Presentation Notes
The “MP improvement tables” are used for Pension Reserves
Cohort Effects can differ by country based on unique experiences and situations
And it can change over time
The development of this table 
Assumes recent improvement experience at each Age will persist in the short-term
Grading to a Long-term improvement rate of 1% at most ages 
Also Grading to a 0% improvement rate at older ages
You’ll see this on the next slide where we see ages 0-120




Mortality Improvement Scales at a Glance
The MP Pension Mortality Improvement Rate Varies by Calendar Year

Presenter
Presentation Notes
This is a 3D representation of the right side of the heat map you just saw
This represents the mortality improvement projection into the future
The MP table differs from many other tables such as the G2 and AA
G2 and AA tables are static over time
Doesn’t vary by calendar year 2019, 2020, 2021, etc.



U.S. Mortality Improvement Slowing
Recent Years Have Even Shown a Mortality Increase

“US Population Mortality Observations - Updated with 2017 Experience” , Society of Actuaries, January 2019, 
https://www.soa.org/Files/resources/research-report/2019/us-population-mortality-observations.pdf

Presenter
Presentation Notes
In the United States…
Looking at the recent trends in mortality improvement over all ages 
Slowing
Even had years with negative improvement 

https://www.soa.org/Files/resources/research-report/2019/us-population-mortality-observations.pdf


Experience Varies by Age and Time Period

“US Population Mortality Observations - Updated with 2017 Experience” , Society of Actuaries, January 2019, 
https://www.soa.org/Files/resources/research-report/2019/us-population-mortality-observations.pdf
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Presentation Notes
Noise In The Trend
This experience can vary significantly from year to year for each age band though
The top graph has a one-year mortality improvement/worsening
These bottom graph shows how there is some mean reversion or smoothing over time
We don’t see 4% changes, on average, for any extended period of time where we might see that from year to year 
But it still shows that certain ages can experience improvement while others worsen over long periods of time

https://www.soa.org/Files/resources/research-report/2019/us-population-mortality-observations.pdf


Future Life Expectancy by Country

OECD Health Database  https://stats.oecd.org/index.aspx?DataSetCode=HEALTH_STAT
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Presentation Notes
Looking at Life Expectancy by Country
We do see this upward trend by country that we discussed before
But each Country has its own experience
Note: we are looking at Future Life Expectancy from an older age
Not Life Expectancy at Birth
A metric that may be more relevant to a block of insurance business
Japan is leading the way, which shows there still is head room for improvement
India Life Expectancy at older ages was not available in this study 

https://stats.oecd.org/index.aspx?DataSetCode=HEALTH_STAT


Cause of Death at Different Ages
U.S. Population Study

“US Population Mortality Observations - Updated with 2017 Experience” , Society of Actuaries, January 2019
https://www.soa.org/Files/resources/research-report/2019/us-population-mortality-observations.pdf
Murphy SL, Xu JQ, Kochanek KD, Arias E. Mortality in the United States, 2017. NCHS Data Brief, no 328. Hyattsville, MD: National Center 
for Health Statistics. 2018., Human Mortality Database www.mortality.org
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Presentation Notes
Cause of Death is not always something that is analyzed in actuarial studies
But it may be helpful for models in the future if we want to get more insight into ways to improve health
Also can be helpful to understand drivers at this level for underwriting purposes
We can see how the drivers of mortality change over a person’s lifetime
One thing this chart doesn’t show is how many deaths are happening at each of these age bands
Obviously we would see much more deaths in the 65-74 age band than the 5-14 age band

https://www.soa.org/Files/resources/research-report/2019/us-population-mortality-observations.pdf


Improvements in Fighting Disease

OECD Health Database  https://stats.oecd.org/index.aspx?DataSetCode=HEALTH_STAT
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Presentation Notes
Looking at a couple of the big individual drivers of mortality…
We can see improvement is being made in Heart Disease…
In the US improvement has leveled off in recent years while other countries continue their improvement.
Possibly due to lifestyle differences

https://stats.oecd.org/index.aspx?DataSetCode=HEALTH_STAT


Improvements in Fighting Disease

OECD Health Database  https://stats.oecd.org/index.aspx?DataSetCode=HEALTH_STAT
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…And we can see improvements being made for Cancer as well
Brazil
Maybe there is a reason why they have lower cancer rates
Investigating and understanding potentially anomalous data and experience is a consideration that actuaries do have to deal with

https://stats.oecd.org/index.aspx?DataSetCode=HEALTH_STAT


Mortality by Income Study
Median Household Income by County

“US Population Mortality Observations - Updated with 2017 Experience” , Society of Actuaries, January 2019
https://www.soa.org/Files/resources/research-report/2019/us-population-mortality-observations.pdf
Murphy SL, Xu JQ, Kochanek KD, Arias E. Mortality in the United States, 2017. NCHS Data Brief, no 328. Hyattsville, MD: National Center 
for Health Statistics. 2018. 

Presenter
Presentation Notes
This is a county-level map.
Each “State” in the United States is broken into “Counties”
This map shows the richer counties in red, and the poorer counties in blue
Still a coarsed-grain in some sense 
Because there can be wealth disparities within each county
A mortality study was done that combines 
This “Wealth by location” information
By “Causes of Death by location” information

https://www.soa.org/Files/resources/research-report/2019/us-population-mortality-observations.pdf


Mortality by Income Study
Counties with the Highest Median Household Income

“US Population Mortality Observations - Updated with 2017 Experience” , Society of Actuaries, January 2019
https://www.soa.org/Files/resources/research-report/2019/us-population-mortality-observations.pdf
Murphy SL, Xu JQ, Kochanek KD, Arias E. Mortality in the United States, 2017. NCHS Data Brief, no 328. Hyattsville, MD: National Center
for Health Statistics. 2018. 
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Presentation Notes
The most affluent counties had a lower rate of mortality than average for all causes of death
(Below 100%)
We can also see the changes in those rates over 18 years


https://www.soa.org/Files/resources/research-report/2019/us-population-mortality-observations.pdf


Mortality by Income Study
Counties with the Lowest Median Household Income

“US Population Mortality Observations - Updated with 2017 Experience” , Society of Actuaries, January 2019
https://www.soa.org/Files/resources/research-report/2019/us-population-mortality-observations.pdf
Murphy SL, Xu JQ, Kochanek KD, Arias E. Mortality in the United States, 2017. NCHS Data Brief, no 328. Hyattsville, MD: National Center
for Health Statistics. 2018. 
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Presentation Notes
The poorer counties had a higher relative mortality than average for all causes of death
(Greater than 100%)
The one exception is Alzheimer’s in 1999
Alzheimer’s and Dementia are diseases of old age, so to get them you have to survive for a while
All COD 
Increasing disparity (From 1999 to 2017)


https://www.soa.org/Files/resources/research-report/2019/us-population-mortality-observations.pdf


Opioid Epidemic

“US Population Mortality Observations - Updated with 2017 Experience” , Society of Actuaries, January 2019
https://www.soa.org/Files/resources/research-report/2019/us-population-mortality-observations.pdf
Rudd RA, Seth P, David F, Scholl, L. Increases in drug and opioid overdose deaths—United States, 2000–2015. MMWR Early Release 
2016;64:1378–82. CrossRefPubMed

Presenter
Presentation Notes
One cause of death that is getting a lot of attention in the United States
In the grand scheme of deaths still a small contributor to overall mortality, but a bigger contributor to the recent mortality improvement trends.


https://www.soa.org/Files/resources/research-report/2019/us-population-mortality-observations.pdf


Life Expectancy Updates

“US Population Mortality Observations - Updated with 2017 Experience” , Society of Actuaries, January 2019
https://www.soa.org/Files/resources/research-report/2019/us-population-mortality-observations.pdf

U.S. Statutory Reserves Have Conservatism Built In (~85th Percentile)

Presenter
Presentation Notes
We have even seen the updated statutory life expectancy has declined from 2017-2018
This isn’t necessarily driven by the Opioid epidemic
These life expectancies might look a little higher than other estimates
U.S. Statutory methodologies have some conservatism built in
Not a true best estimate
So these Statutory tables for Pension Annuities assume people will live longer than they likely will on average

https://www.soa.org/Files/resources/research-report/2019/us-population-mortality-observations.pdf


Eliminating Certain Causes of Death

CDC National Vital Statistics Report https://www.cdc.gov/nchs/data/nvsr/nvsr64/nvsr64_02.pdf

Life Expectancy Related to Fighting Disease (U.S.)

At Birth…
31% chance of dying from heart disease (or 41% from a “major  cardiovascular” disease)
22% chance of dying from cancer

Age Curing Heart Disease Curing Cancer
55-60  25.6  => 30.9  (+5.3) 25.6  => 28.4 (+2.8)
60-65 21.6  => 26.7 (+5.1) 21.6  => 24.1 (+2.5)
65-70 17.8  => 22.8 (+5.0) 17.8 => 19.9 (+2.1)
70-75 14.3  => 19.1 (+4.8) 14.3  =>16.0(+1.7)
75-80 11.1 => 15.7 (+4.6) 11.1  => 12.4 (+1.3)
80-85 8.4  => 12.7 (+4.3) 8.4  => 9.3 (+0.9)

Presenter
Presentation Notes
Notice that “Curing Cancer” isn’t a silver bullet for health improvement
Curing Heart Disease would be more impactful
Multi-Decrement models highlight the fact that when one mortality decrement goes away, the other can rise to fill the void



Future Mortality Improvement

Framing the Future

Mortality 
Improvement

Wearables

Data Privacy

Underwriting
Transparency

Predictive, 
Preventative, 
Personalized 

Medicine

Genetic 
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Information 
Asymmetries 

&
Anti-Selection

Continuous 
Underwriting
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Wearables 
Fitbit & Apple iWatch are only the first generation
Data Privacy 
General Data Protection Regulation in Europe 
State based regulations in the US
Data Privacy is important for every company
Underwriting Transparency
Understanding Models, not having black boxes
Making sure you don’t have models that violate local regulations
Predictive, Preventative, Personalized Medicine
Data that drives health insight will also be relevant to insurance companies
Focus of private enterprise as well as U.S. government
Genetic Information
Starting to see first generation insights
Will improve by time as costs decline, more sequencing is done, and more data is available for AI models
Anti-Selection
New quicker underwriting approaches could lead to anti-selection
How do you make relationships with customers so information is willingly shared?
Continuous Underwriting
Or maybe instead of “underwriting” we might use the term “insight”?




The Art of Modeling
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Extrapolation, Simulation, and Alternative Approaches

How Complex Should Your Model Be?
(Group vs. Individual Level, Multi-Decrement Cause of Death, Improvement Timelines)

Experience Takes Years to Emerge 

(Human Lives are Long Compared to Animal Studies)

Alternative Views of the Future

(Improvement Plateau vs. Medical Breakthroughs)

Simulations & Scenario Testing Can Offer Insight

Presenter
Presentation Notes
Not every model needs to be a detailed, multi-decrement cause of death model 
As we saw on one of the previous slides, mortality experience is noisy in the short run
There are different opinions of whether mortality improvement should be higher, lower, or the same as historical experience
One mortality model cannot be used for every purpose.  A pricing model for Annuities is probably not going to be the same as a model that stresses Life blocks for capital analysis purposes.  Keep in mind that even stochastic and other scenario generators are dependent on hyper-parameter assumptions such as drift and volatility.



THANK YOU
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