
JUNE 2017 ANNUAL MEETING – QUÉBEC CITY (SESSION 32)  1 
 

 

 
 

PROCEEDINGS OF THE CANADIAN INSTITUTE OF ACTUARIES  Vol. 48, June 2017 

Session 32: MORTALITY TRENDS IN CANADA VS. AROUND 
THE GLOBE 

Séance 32 : LES TENDANCES DE LA MORTALITÉ AU CANADA 
CONTRE CELLES À L'ÉCHELLE INTERNATIONALE  

 

MODERATOR/ 

MODÉRATEUR :  Patrick Charbonneau 

SPEAKERS/ 

CONFÉRENCIERS :   Christopher Falkous 
Carrie Kelley 
Tim Meagher 

 

Inaudible/Indecipherable = [inaudible with timestamp] 

Phonetic/unintelligible word = [word with timestamp] 

Unknown = Unidentified speaker 

 

Moderator Patrick Charbonneau: Hello, good morning to all of you. My name is Patrick 
Charbonneau from Optimum Re. I will be your moderator for this session. Special thanks to all 
of you for getting up, and even though you went out yesterday night to the beautiful city of 
Quebec. La session aujourd'hui, c'est la session numéro 32, session number 32 of the 2017 
Annual Meeting in Quebec. We'll talk about mortality trends in Canada, then all around the 
globe. Please note that this session will be recorded, so if you do have questions, please use a 
mic. We're pretty lucky today, we'll speak about different mortality trends around the globe. 
We also have different speakers from around the globe. I will introduce each of them and then 
we will start off with that.  

First, at your middle, Carrie Kelley from the United States. She will speak about US mortality 
improvements. She's a consultant actuary at Willis Towers Watson in Atlanta. She works mostly 
in individual life, and she does a lot of modelling, financial embedded value, and benchmarking. 
She has a bachelor's degree in mathematics, and she's a Fellow of the SOA. After that, second, 
we'll speak about UK mortality improvements. To your left, we have Christopher Falkous from 
the UK. He has a bachelor's degree in mathematics and a master's in operations research. He's 
working in the biometrics research field. He's researching mortality trends around the globe. 
He's a Fellow of the Institute of the Faculty of Actuaries in the UK.  

Finally, we'll speak about Canadian mortality trends. To your left, we have Dr. Tim Meagher. 
He's the Vice President and Medical Director of Munich Re in Canada. He's also an Associate 
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Professor of Medicine at the University of McGill in Montreal. He's been involved in medical 
education and consulting in life insurance. Please welcome all of them. 

[Applause] 

Speaker Carrie Kelley: All right. Hi, everybody, I'm Carrie Kelley. As was just mentioned, I'm 
from the US. I'm going to be talking to you about United States mortality improvement trends. 
First, we're just going to start with an overview of how companies are looking at future 
mortality improvement in the US, then we're going to talk about historical mortality 
improvement in the US over the past 50– 60 years, and then we're going to talk about some of 
the assumption-setting approaches that are common. 

All right, so to start, let’s look at the current state of affairs in the US. Recent US experience is 
showing lower mortality improvement, specifically for certain age groups. This trend is very 
different from what we've been assuming going forward. We're going to look at the actual 
mortality improvement trends and some of the historical data. The recent period, the last five 
to ten years, have been showing a decline in mortality improvement. Companies are struggling 
with what . . . we do with this information. What assumptions do we make around this 
information? How long do we think this is going to persist? Just generally, how does this impact 
our business and our assumption-setting process? Of course, the longevity trends are going to 
impact your risk profile, your product design and your overall profitability, so this is an 
important metric for companies to understand.  

Companies also struggle with how to capture longevity improvement and what data to look at. 
We have population data, and that's usually where companies start. They usually don't have 
enough credible company data to really get that trend, because you need a large box of data 
going back a long period of time. They have population data, and we have a couple of sources 
in the US that have very good data on this that we're going to talk about. But the population 
data doesn't really count for insurance population. We know that mortality is generally better 
for insured populations than just the general population. There are a lot of socioeconomic 
factors and things that go into that. One of the things that companies are struggling with is, we 
see this trend in the population data—how does that relate to insurance populations? What 
judgments are we making here, and how do we set an assumption for that? 

The other thing companies are struggling with is, what does our mortality improvement 
projection look like? How long are we projecting mortality improvement? Are we talking 
today's rate and projecting that forward for 20 years, for 30 years? Is using today's rate for that 
long appropriate, or should we be using some type of mean reversion? 

Okay, now we're going to look at the historical mortality improvement and just see what's 
happening in the US, what kind of data do we have? We have three primary sources that are 
publicly available in the United States with mortality data over time. The first is the CDC data. 
That's sourced from our National Centre for Health and Statistics. Now, this data is available for 
ages 0 to 84, but if you're interested in the older attained ages, all of that is grouped together 
into an 85-plus bucket, so it's a little less granular. This is the only source of data available with 
cause of death. That's important, because it allows you to see some of the underlying trends. If 
you're researching the current mortality deterioration, where is that happening? It also helps 
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you see the trends that were driving the improvement over the period from 2000 to 2010, 
which we're going to see in a little bit.  

The CDC data phases in Medicare data for ages over 65. This is important, because within the 
US the Medicare data is the only place that has actual age verification. For these death 
certificates, we know for certain that those ages have been verified. What we've been finding in 
the US is that for other sources, people are known to inflate their ages as they get older. It's a 
badge of honour. The Medicare data really helps us understand what's really happening at 
these older ages.  

We also have the social security administration. There, it's using CDC reporting, so it's the same 
data [as] Medicare at 65 plus, but it smooths the data. You'd expect the same rates, but the 
smoothing makes it different. They have the same underlying data, but there's some slight 
differences. The social security administration data gives you detailed reporting through 
attained age 119. You can see more at the older ages, but there's also not as much credibility in 
that data. You can see the trend, but then you also have to apply some judgement there as 
you're looking at that. 

The human mortality database uses the same CDC data and NCHS. It does not blend [with] the 
Medicare data. Here, they're using a different tabulation method, so you're going to get 
different rates even though you have the same underlying data. They do not use Medicare, so 
the older ages are self-reported. Then the information is organized by period and cohort. The 
[greatest] benefit [of] these three [is that] the human mortality database has the oldest data. It 
goes back to 1933. The social security administration data has data through attained age 119 on 
a more granular basis. Then the CDC data has the cause-of-death data. There are different 
reasons why you would choose to look at one source over the other, depending on what you're 
trying to drill into at the moment. 

Now we're going to look at US population experience. We're going to look at males first. What 
we're seeing here is data from the human mortality database, and we've chosen that for this 
presentation because it does go back for the longest period of time. You're also keeping in mind 
that the older ages are self-reported, so some of that may be different from what you're going 
to see in the CDC and social security administration data, where they have verification through 
Medicare.  

What's important here is that the highlighting is showing you [that] green is most improvement, 
red is least improvement. If you're looking at 1970 through 2010, this is traditionally the time 
period that, in the US, we've been focused on for creating our mortality improvement 
assumptions. You'll see that there's a lot of green, especially, you know, at these ages, these 
core ages between 45 and 75. The issue that's emerging now is for the 2010 through 2014 data, 
and 2015 data is now available as well. You're starting to see red, especially at some of these 
ages. Sixty to sixty-four actually has deterioration of almost one percent of mortality. You'll see 
that there's an interesting trend where just those middle ages, 55 to 64, have deterioration, but 
then the much older ages, 80 plus, are showing strong improvement. Then the ages 65 through 
84 are showing some modest improvement, but not as much as we've seen between 1970 and 
2010.  
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What's driving this? This is where you would drill into your cause of death information. Really, 
what we're seeing for these ages, 55 through 64, are things like accidents, accidental 
overdoses. There's been an uptick in suicides in recent years. A lot of things that aren't 
necessarily medically driven, but that are showing trends in the population that are coming 
through this. We've also seen slowdowns in mortality improvement that are also impacting this. 
Slowdowns in things like improvement in heart disease and cancer. They're still showing 
improvement, but there's some periods in this 1970 to 2010 where improvement was 
significant. Four and five percent for single causes of death that correspond with a single 
medical advance. Those are slowing down as, you know, that bleeds into the general mortality 
rate.  

Some interesting trends here. What companies are really struggling with is, for the past five or 
ten years, mortality improvement has looked great. We've been assuming that it looks great. 
Now we're starting to see this deterioration, and what does that mean? Especially given the 
causes driving this, how do we reflect that? It's hard to understand what's really underlying 
increases in overdoses and things like that, and how you're going to project that forward. 

Now, let's take a look at female mortality improvement. You'll see that we have similar trends. 
Mortality improvement traditionally for females has not been as strong, so you don't see a lot 
of green in here, especially in 1970 and 2010. You're still seeing improvement, but it's not as 
strong as the males. That stays fairly consistent. You see deterioration in the same age brackets, 
so the 55 to 64, but for females you're also seeing deterioration in 50 to 54. You're seeing some 
improvement in the older ages, but not as strong as the males. Overall, it's a similar trend. 
Some differences between the two, but again, more improvement 1970 to 2010. Now we're 
seeing less improvement or even deterioration at most ages for females. 

Another consideration in the US data is the existence of cohorts. Cohorts are birth-year 
mortality trends. Someone born in 1930 and that entire cohort or group, do they have similar 
mortality improvement? This comes into consideration because data in the UK has shown very 
strong support for this. People have started looking at US data to understand, is it the same 
thing? Is it really, the generation you were born in is what's really impacting your mortality and 
mortality improvement over time? There are a couple of reasons [why] the US seems to look a 
little different, especially if we're looking at that recent data. Accidents drive a lot of the 
mortality and the changes in mortality trends for some of the lower ages. It's not necessarily 
just a medical advancement and then that helps your generation and your mortality improves. 

We're going to look at the cohorts in a minute and see what the actual data is saying, but the 
MP series of tables used in the US, they take into consideration some of the cohort data. They 
see some considerations for some instances of cohort trends in US data. They blend that in and 
that's just one of the industry scales that are available within the US. We're going to look at, in 
a moment, heat maps of the United States to understand these cohort trends. You're going to 
see that a cohort, by definition, is going to be a strong diagonal along these graphs that we're 
going to look at. Vertical trends are period influences, so something happens in 1960 and 
mortality improves for everyone. You know, they find a cure for something and everyone is 
benefitted by that. Then horizontal trends are impacts of the influence of attained age, 
something beneficial for everyone aged 60 to 70.  
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Let's take a look at these heat graphs and see what's going on in the US. The way we have this 
set up is the first bar horizontally on the bottom has the observation year, and then the age 35 
date of birth is under that to help you see what these cohorts are. The vertical data is your 
attained age. If we look at 1970 to 1980 . . . below that, we're looking at the cohort for 1935 to 
1945. You see some evidence of a vertical trend, and we've overlaid these vertical bars to help 
you see. You see really strong improvement, the red there. That extends, it gets to a lighter red, 
but there's a bit of a trend diagonally there. You'll also see from 1970 to '80 there's a very 
strong period influence there. That's the strong vertical where it's red going up and down. Then 
a little less red, but you can see a trend there. Looking again at the cohort 2000 to 2010, or 
1965 to 1975 birth years, you'll see a vertical trend extending there as well. Those are your 
cohort influences. 

You can see in this graph, there are areas where it looks like they're cohorts. It's not persistent 
across the graph. You'll see the strong period influences breaking through there. Not a lot of 
age influences, which would be horizontal lines here. We see a lot of period influence. Some 
existence of cohorts, but it's not very strong. It's not clearly evident.  

If we take a look at females, we see a similar trend, which is what you would expect at this 
point. Nineteen-seventy to 1980, again, following that diagonal a little bit into 1960 and 1970, 
you see a bit of a cohort there. That's a strong trend persisting diagonally. Similar to males, 
you'll see a bit of a trend in 2000 to 2010. This one looks like it may also extend back to 1990. 
Again, strong period influences, especially 1970 to 1980. Again, you can see a period influence, 
the vertical looking at the 1960s and 1950.  

What does this mean overall? Looking at this data, yes, there appears to be a bit of a cohort 
trend, but it seems like there are stronger influences. You may interpret that [to mean that] the 
period trend is stronger than the cohort. The MP scale concluded—and these are graphs 
excerpted from the Mortality Improvement Scale in P2016—they concluded that, yes, there is a 
cohort. We wouldn't say that it's only cohort [that] impacts on this US data. What they decided 
to do was blend. They looked at the age base rates and then they looked at the cohort rates 
and they decided to blend those together because they were the two influences.  

Okay. Knowing what data we have and what we're looking at, what's the industry doing? How 
are they approaching mortality assumption-setting in the US? The typical approach up to this 
point has been to set an assumption. It may be a single rate, it may vary by age and duration, 
but you set that and you just apply it for X years. It's that X is ten years or 20 years, and then it 
ends at some point. Companies may have used an individual annuity scale, scale G year, G2, but 
there's not a scale for life insurance.  

As I mentioned, you may be using an assumption that is a single rate, one percent for ten years, 
or you may have an assumption that varies by age and gender. Since the historical mortality 
data does show that there's a lot of variation between ages, and then some variation between 
genders as well, companies have started to capture that more and more. We were using US 
population data, because that's the most credible data, and then making an adjustment for 
socioeconomic factors, but that was usually a very simplified change, so, for instance, insured 
data has better mortality than population data, so we're going to add 25 basis points to our 
mortality improvement rates.  
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All right, and then when you were determining how long to apply these, you might have a 
different N number of years to project mortality improvement based on whether you were 
doing life insurance or looking at annuities.  

The emerging trend is to set a near-term assumption and a long-term assumption now, and 
that's the approach that the MP scale and some other more recent scales that are coming out 
are using, where you look at the most recent data—that deterioration and whatever else you 
see—and say, okay, this we think is going to persist for X years. Maybe that's five or ten years, 
and that's our near-term assumption. Then you take into consideration additional data, some 
judgment, and say, but what do we think is going to happen over the next years 10 through 20 
or 20 through 30, and what does that look like? You [have] a near-term assumption and a long-
term assumption and you're blending those two together. You grade from one to the other 
over time. 

Socioeconomic factors are becoming a key consideration. We're starting to have more and 
more research done in the US about how socioeconomic status—whether you, for instance, 
have a college degree, or have a higher income—how that impacts your mortality. Now that we 
have more research on that, that's starting to bleed into how we look at our mortality 
improvement trends. That simple 25 basis-point adjustment, that may be changing over time as 
we know more and more and we're starting to see that it also varies by age and gender that 
there are all these factors going on. As we know more about that, companies are able to look 
more specifically at their market and say, how does this look for our market specifically and 
how can we tailor this assumption? 

What does it mean for US assumptions overall? Well, we're working to understand what this 
mortality deterioration or lower mortality improvement is, what's driving this, and what . . . 
that means for the future for your near-term views and your long-term views. Again, more 
research is emerging on that socioeconomic factor and making sure that we understand that, 
and thinking about how that impacts our assumption-setting process and what that means 
specifically for your book of business. That is it for my presentation. 

Moderator Patrick Charbonneau: Thanks. 

Speaker Christopher Falkous: Okay, thank you. I'm going to spend the next 15 to 20 minutes or 
so having a closer look at recent mortality trends in the UK. Some of you may have seen a chart 
like this before. It shows age-standardized mortality rates since 1985. In the blue line is the 
England and Wales population aged 40 to 65. The orange line is the England and Wales 
population aged 65 to 100. What you can see in the most recent period that I've just circled is, 
from 2012 onwards, an increase in mortality relative to recent trends, so that's the solid black 
line in the older age group, and an increase from 2013 onwards in the younger age group. 
What's behind this? 

The first thing it's instructive to consider is an analysis by cause of death. What I've shown here 
is periods 2001 to 2005, '05 to '10, and '10 to '15. We've got males on the left and females on 
the right. The orange line shows the total trend, and the coloured bars show the contribution to 
that total trend from each of the main causes of death. The large blue segments show that 
there's been a significant contribution to the total from cardiovascular deaths. Although for 
males in the most recent period you can see that it's reduced slightly. In green, there's been a 
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fairly steady contribution to the total from cancer deaths. The red segments show that there's 
been a fluctuating contribution from respiratory deaths, but in purple you can see that there's 
been significant negative contribution from dementia. 

At first glance, it would seem that it's the dementia deaths that are causing the recent 
slowdown. However, what that misses is the fact that since 2010 in the UK, UK doctors have 
been incentivized to diagnose dementia in their patients. There's also, over this period, been a 
change to the rules for coding death certificates. That's resulted in deaths that would have 
previously been coded as cardiovascular deaths now being coded as dementia deaths. 
Dementia is contributory, but probably not as much as it first appears, and we are seeing a 
slowdown in cardiovascular deaths.  

The next thing it's instructive to consider is the impact of winters, given the seasonal nature of 
mortality. What I've show here is [a] smoothed standardized mortality relative to the average 
2005 to 2011 seasonal trend. I've also noted on here the dominant flu strain in each winter. We 
know that flu strain H1N1 tends to affect younger people more. Flu strain H3N2 tends to affect 
older people more. We do tend to see higher mortality in winters when the H3N2 strain is the 
dominant strain. You can also see from this chart the significant impact in the 2014–15 winter, 
when H3N2 was the dominant flu strain. That's partly due to the ineffective flu vaccine that 
season.  

Now, while winter mortality has been higher than recent trends, mortality throughout the year 
has also been higher than recent trends. You can see that particularly in 2015 and 2016. Again, 
higher winter mortality is contributing to the slowdown, but it's not the full story.  

The next question it's instructive to ask is, are all sections of society being affected the same 
way? What I've shown here is an analysis by socioeconomic group. We've got males on the left, 
females on the right, and this is based on England and Wales population data. We've used a 
property index as a proxy for socioeconomic status. The yellow line at the top is the most well-
off group, and the blue line at the bottom is the least well-off group. The black dotted line is the 
population average. You can see that after a period of convergence up to around about 2010, 
all socioeconomic groups have seen a reduction in mortality improvements. It's the least well-
off, the blue line, that have been impacted the most. They've seen the biggest slowdown in 
mortality trends. 

To summarize, there's been a definite slowdown in England and Wales trends since 2011. 
We've seen a reduced trend in cardiovascular disease and negative impact from dementia. 
Causes of death are complicated by the reasons I gave earlier. Winter mortality has been higher 
than recent trends . . . as has mortality throughout the year, most obviously in 2015 and 2016. 
Those in the lowest socioeconomic groups have been hardest hit.  

Why might all this be happening? Well, let's start with cardiovascular disease. The key driver of 
cardiovascular disease is the prevalence of smoking in recent decades. What we've shown here 
on the left is the prevalence of smoking in Great Britain. You can see that since 1950 there's 
been a long-term gradual decline in smoking prevalence. It has flattened off a little since the 
mid-1990s, and that could contribute to a slowdown in improvements from this source. There's 
nothing really in that smoking pattern that would explain a sudden change in trends from 2011. 
Another potential reason is increasing obesity. On the right, we've shown the percentage of 
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English people with a BMI of 30 or greater. Again, the increasing trend in obesity will be acting 
as a headwind for this trend, but again, there's nothing in that pattern of obesity which would 
suggest a sudden slowdown in mortality from 2011.  

One argument that's been put forward to explain the recent slowdown is that mortality is pro-
cyclical. Which means that it tends to move up and down in line with the economy. Now, this 
would suggest that the slowdown that we're seeing is a result of the economy recovering after 
the great recession that arose after the '07–'08 financial crisis. There is a body of academic 
research that supports this view. I've picked up one chart from one of those papers here just to 
illustrate this. This is data from the Netherlands, 1950 to 2008. It shows percentage deviations 
from long-term trends for mortality and GDP. Now, the remarkable thing is, other than the 
period at the very end, just how closely those two lines move together. The obvious question is, 
why is mortality pro-cyclical? Why might a recession be good for population mortality on 
average?  

Well, to answer that, you've got to look beyond averages at specific subgroups. If you think of 
people who are made unemployed and lose their jobs in a recession, they're more likely to have 
mental health issues and experience suicide. Clearly, recession's not good for that group. Other 
subgroups, however, who maybe don't lose their jobs and just see a reduction in income, they 
can see a beneficial impact. That might be because they have less money to spend on smoking 
and alcohol, which would lead to a general improvement in their health, or they may drive less 
because they can't afford it. That would lead to fewer . . . traffic accidents. Now these positive 
aspects can outweigh the negative impacts in a recession. You can see that [in] the working age 
population—an overall benefit at the population level. 

Mortalities also seem to be pro-cyclical at older ages, which are less affected by losses of 
employment and income. Now, one argument that's been put forward to explain that is the 
provision of unpaid social care. In many countries, social care (things like looking after the 
elderly and the long-term ill and the disabled outside of a healthcare setting), that relies 
significantly on informal care provided by friends and family, rather than formal care provided 
by the state. Now, in a time of recession, when people are losing their jobs or perhaps taking a 
part-time job in a downturn, they maybe have more time to give this informal care to their 
friends and family. In that way, that can lead to the pro-cyclical impact being seen in older ages 
as well. 

Perhaps more important than pro-cyclicality, however, is the impact of the policy response to 
recession. In the UK, the impact was one of austerity. Whereas the stimulus response aims to 
boost government spending and cut employment, an austerity response cuts government 
spending, often on health, welfare, and social care, leading to a removal of the social safety 
nets just at the time when they're needed the most.  

A very good overview of this area is the book The Body Economic, by David Stuckler and Sanjay 
Basu. They hold out three examples of this to try to explain the impact. The first is the Great 
Depression in the US in the 1930s, where the impact varied significantly by state. They show 
how that variation is linked to the extent to which [a] state implemented the New Deal stimulus 
package. The second example they hold out is the breakup of the Soviet Union in the early 
1990s. In Russia, the policy followed was one of a rapid transition from communism to 
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capitalism. That led to mass economic difficulties, a cut in social welfare, and a spike in 
mortality rates. In other countries, such as Belarus, where they followed a form of gradual 
change from communism to capitalism, and they maintained their social protection systems, 
they didn't see the same impact on mortality.  

The third example they hold out is the impact of the East Asian financial crisis in the late 1990s. 
To get out of its economic difficulties, Thailand approached the IMF for an emergency loan, 
which was provided, but it came with significant austerity conditions, so, significant 
government cuts to government healthcare and support for employment and food. Now, that 
policy response turned the economic crisis into a public health disaster. In contrast, Malaysia 
refused assistance from the IMF on the grounds that the attached austerity conditions would 
be harmful. Instead, it followed a stimulus approach, maintained its social protection systems, 
and it didn't see the same public health disaster as Thailand. What this all means is that for 
austerity policies as significant as we've seen implemented in the UK recently, we might 
reasonably expect there to be a negative impact on health and mortality.  

However, it's not as simple as “austerity increases mortality.” To try to show that, I've shown 
here a chart showing Spain’s life expectancy at birth and at age 65. Now, Spain was a European 
country that was significantly affected by austerity, but as you can see, there's been very little 
change in the mortality improvement trend since 2000. What this means is that you really need 
to dig into the details of the government cuts and see how they affect healthcare and social 
care.  

In the UK, spending on healthcare was ring-fenced. While it did increase, it increased at far 
lower levels after the recession than before the recession. It's previously been projected that 
the National Health Service is going to have a 30 billion pound shortfall by 2021. To meet that 
with the funding that's being provided is going to require hospitals to find efficiency savings of 
two percent a year, which is going to be difficult. It's going to require healthcare services and 
healthcare demand to be managed downwards. And it's going to require non-NHS healthcare 
spending to be cut by 20 percent. What this means is that the NHS has [struggled] and will 
continue to struggle, and if we see any spikes in demand, the NHS is going to struggle to cope. 

Whereas healthcare spending has been protected, spending on social care has been cut 
significantly. While we've seen an increase in the number of over 65s in the UK over this period, 
the provision of social care activity has fallen by around about 30 percent or so. The social care 
system is in crisis. The good news is, it's been recognized, and the UK spring budget found 2 
billion pounds to ease pressures over the next three years, and the prime minister has 
promised a Green Paper on sustainable funding of social care. But that was before the recent 
election results, and that may make it a little bit more difficult to deliver on that promise.  

That's what's happened in the past. There are many other factors that we would expect to 
affect mortality over the next five to ten years. I've just picked out three obvious ones here; 
we've got migration, technology, and medical advances. Brexit has a reasonable possibility of 
affecting the 3.1 million EU nationals who are based in the UK, and the 900,000 UK nationals 
who are based in the EU. We can certainly see a large proportion of healthy working-age 
individuals leaving the UK, and less-healthy, older-age retirees returning and putting further 
strain on the health and social care system. 
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In the fields of technology and medical advances, there is a huge number of potential 
developments. Just throwing some things out there: in technology, you've got 3D bio-printers, 
nanotechnology, driverless cars, wearable devices, the Internet of Things, and smart homes. 
Under medical advances, you can include things like CRISPR, gene editing, gene drives, precision 
treatments, liquid biopsies, the 100K Genome Project, and many, many more.  

Where have we got to? Well, we've been expecting a gradual slowdown in mortality 
improvements as the strong driver from cardiovascular disease deaths fell away, due to the 
reduced impact of smoking cessation and increasing obesity acting as a headwind. The current 
slowdown could be due to the pro-cyclicality of mortality, but more likely it's due to the impact 
of the UK austerity response to recession and the negative health impacts that have resulted, 
particularly for the less well-off in society. Over the short-to-medium term, the UK Health 
Service will continue to struggle with any spikes in demand, such as bad winters. The UK social 
services are in crisis, but it's been recognized and it's being addressed. We're still expecting 
positive drivers from medical advances and technology, but exactly where that breakthrough is 
going to come from is difficult to say.  

What happens on these issues is going to significantly affect mortality improvements in the UK 
over the next five to ten years, and it's going to affect different socioeconomic groups 
differently. Understanding your socioeconomic mix of your liabilities is going to be key over this 
period. Thank you.  

 

Speaker Tim Meagher: Good morning. Everybody well? Okay, this is a first for me. I've never 
actually spoken to a room full of actuaries before, so I'm actually a bit apprehensive about this 
presentation, because when I see models and heat maps I tend to break into a rash and my 
heart goes fast. [laughter] So I won't be doing any of that. The thing that really interests me in 
this topic is the medical aspect, obviously. The drivers of mortality improvement have been in 
large part medical, and my interest is in how likely that is to continue into the future, so 
towards the end of the talk I'll get into that a little bit more. Let me just start off by showing you 
how things are in Canada. 

Let’s look at causes of death in Canada. I'm not sure how well this projects—but really what it 
comes down to is that more than half of the causes of death in Canada are explained by cancer 
and heart disease. This one is broken down into heart disease and cerebrovascular disease. But 
if you put those two together, you get what's called cardiovascular disease. Those are the two 
big drivers, and these are the main causes of death in Canada 2012, which is the most recent 
year that we have numbers for. The good news about pretty much all of these is that the 
mortality improvement from these causes of death has been continuing at pace until the most 
recent times that we have numbers for. There is some evidence that there is a slowdown in the 
cardiovascular mortality improvement, and I'll come to that in a second. I'm going to be 
concentrating on the main two causes of death, because that's where the mileage is at the 
present and for the future. The improvement has been absolutely astounding in many respects, 
particularly for cardiovascular mortality.  

This is not homogenous through the country; there's variation in provinces, and that probably is 
a reflection of access to medical care. Canada is challenged by huge geographic differences. If 
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you get a heart attack in Nunavut, the likelihood of you getting to a catheterization lab and 
getting modern treatment is so much lower than if it happens in downtown Quebec City or 
Toronto or Montreal. You can see that as the provinces become less populated, the mortality 
rates tend to be higher. That's a particularly Canadian challenge. 

As it turns out, and to keep this brief, most of the mortality improvements that we're now 
seeing are in the older age groups, 65 and older. If you look at this graph, this shows the 
determinants of mortality improvement in this country between the years 1979 and 2009. I'm 
not sure if my pointer works or not. Anyhow, you'll see the red line is the cardiovascular 
mortality line. The left panel is men and the right is women. You can see that a very dramatic 
decrease . . . has taken place between 1979 and 2009. The blue line, which is just underneath, is 
the cancer mortality rate. You can see that although there's been a slight decrease in cancer 
mortality rates . . . the improvement has been much less dramatic.  

The cardiovascular mortality story goes back a long time. This chart goes back to 1950, and you 
can see that the age standardized mortality improvement for mortality for cardiovascular 
disease has just gone on and on and on, down to the most recent years in 2013. That's a 
stunning number, and explains, to a large extent, how we keep adding years to life in this 
country, and indeed in most western countries. The question is, how long can that go on for? 
Just to give you some raw numbers here, from 2001 to 2013, the most recent decade, [the] 
death rate [from cardiovascular disease] decreased by 23 percent, as did the number of new 
diagnoses.  

That speaks to a number of things. It speaks to what we call in medicine both primary 
prevention and secondary prevention. Primary prevention is recognizing the risk factors that 
make you more likely to get a disease, such as smoking, sedentary lifestyle, lack of exercise, and 
so on. If you cut those down, the incidence of disease goes down. Once you get a disease, then 
we talk about what's called secondary prevention.  That's stopping you from dying from that 
particular disease. Mortality improvement there stems more from the cardiac advances, such 
as cardiac catheterization labs, drugs, angioplasty, and all those things. The fact that both 
mortality and incidence rates are going down suggests that we're approaching both primary 
and secondary prevention in an effective manner.  

This is what it looks like. How does this compare with other countries? You can see it's the 
same. In Canada, perhaps our mortality rates are a little better than in the US and in the UK, but 
you can see the trends from the years 2000 to 2012 all going in that similar direction. Those are 
mortality rates due to both heart disease and stroke.  

What about more cancer mortality rates? The Canadian Cancer Society published their statistics 
two days ago. I didn't update this slide, because it shows cancer mortality up to and including 
the year 2013. We don't seem to have numbers more recent than that. You can see the line, it 
is age standardized, corrected for population. You can see that there is a continuation in the 
mortality improvement. Probably if you read that newspaper two days ago, you were probably 
struck by the fact that it said one Canadian in two will get cancer. That's correct, and that's 
simply a reflection of us all getting older, because cancer is a disease of old age. The longer you 
live, the more likely you are to get cancer. That incrementally increases as you go through the 
upper decades. I'll come back to that in a second. That said, however, the actual mortality from 
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cancer once the diagnosis is established continues to improve slightly, which is a measure of 
modern treatment approaches. 

Where life expectancy will end up is the aspect of this that really interests me. You may have 
seen this particular edition of National Geographic, May 2013, "This baby will live to be 120." It 
had four different ethnic groups, so that nobody got offended. Then we had Time Magazine 
that said, "This child could live to be 142 years old." The one on the right is correct. “Could” is 
the word, I think. The one on the left, "This baby 'will' live . . . ," should be “may live” or “could 
live.” That suggests that, on average . . . we will live to 120, which I think is not correct. You 
have to take this with a grain of salt. There's tremendous excitement about where life 
expectancy might go, which is odd because we are in the face of what you've heard from the 
previous two speakers, and [which is] likely in Canada as well, that the mortality improvement 
rate is beginning to soften a little bit, so how do you put these two together? And that's unclear 
at the moment. 

This is what life expectancy has been doing in Canada since 1901. An extraordinary story of how 
we just keep adding months and years to life expectancy; about 2.5 years per decade we've 
been doing very steadily. This is a smooth line here, but obviously we've had world wars in here 
and other things, but overall, this is what's happened. If you look at it more specifically over the 
more recent times, you'll see life expectancy at birth in 1990 for both sexes was 77. In the year 
2000, it was 79, and the year 2012, it was 82, which is stunning. Let’s look at life expectancy at 
age 60, which shows how we're adding the years in later life. In 1990, you could expect to live a 
further 22 years at age 60. In the year 2000, you could expect to live 23 more years. In the year 
2012, you could expect 25 extra years. We just keep doing this. It's absolute stunning good 
news that we don't celebrate often enough, but is a reality of life at the moment.  

I'm not going to go through this slide, in the interest of time. This simply shows that we are 
presently adding years to life due to improvements for individuals living over the age of 65. We 
have basically removed the common causes of death at younger ages with vaccination and 
other public health advances. Therefore, it's [in the cohort] at the ages 65 plus where we're 
going to get, if we are going to get, extra years.  

Mortality improvements are slowing, and I don't have the kind of same depth of analysis as the 
previous two speakers. This is a draft report from the CIA that's circulating at the moment. As 
you can see, they are anticipating a slowdown in mortality improvement as we go forward, with 
about one percent for both men and women, looking for now over the next 20 to 30 years.  

What does the future hold? Here's the first question I think we have to ask. How much extra life 
expectancy can we extract from cardiovascular disease? I showed you that line, that red line 
that had dropped very abruptly. We are now right at the bottom of that red line. The analogy is 
like squeezing the lemon a little bit. Can we continue to do this at the same rate going forward? 
What would you have to do to get more mortality improvement from cardiovascular disease? 

This is an analysis—you can't read this, I realize. It just doesn't project. Well, this is actually 
done back in 1990, and the question was posed: What if we eradicated completely both cancer 
and cardiovascular disease in the future? What would we do? The analysis there showed that 
you could probably add about two years by eradicating cancer. If you got rid of cardiovascular 
diseases, well, you could probably add another three to four years, so a total of five to six. 
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That's fine, but even if you do that, you will not keep that mortality improvement line going at 
the same speed that it's been going over the last three, four, or five decades. 

Here's the question: Can you improve cardiovascular mortality any further? What would you 
have to do? You'd have to further reduce smoking rates. There has been success in reducing 
smoking rates, and it is probably reasonable to anticipate there could be some further progress. 
Once again, that's a little like the lemon analogy. You would have to particularly improve 
smoking rates amongst young women. Yes, that's a public health initiative, and there's no 
reason why it couldn't be achieved. I think there's a question as to how far that can go. You 
could improve blood pressure control, cholesterol control, improve diets, exercise. These are all 
the things that we know are bad for us, and should improve, but we have some difficulty doing 
it.  

These are what we call the cardiac risk factors, that's called primary prevention. If you prevent 
all those, if you eradicated cholesterol, if everybody walked around with a normal blood 
pressure, nobody smoked, everybody exercised and nobody was sedentary, would you remove 
all heart disease? No. The reality is that people get heart disease without any risk factors 
whatsoever. This simply underscores the fact that we don't fully understand the basic reason 
for the development of heart disease.  

What about better diagnostics and better treatment of established heart disease? Those are 
the other two things you would really have to improve on. We've seen two decades of 
extraordinary technological advances in cardiovascular medicine. I mentioned cardiac 
catheterization labs. Modern treatment for heart attack is straight to catheterization lab, and 
we actually use that metric in hospitals as a measure of good healthcare. How long does it take 
you from the first twinge of chest pain to being in a cardiac cath lab? Nobody ever thought 
about that 20 years ago. That's a modern medicine thing, but we've nailed that one now. 
Likewise, the drugs that we have to lower cholesterol and so on, and all the drugs we use in 
cardiovascular medicine, we've done really well there, and there is nothing dramatic on the 
horizon in either of those two, which I think is a cause for concern, and to a certain extent 
maybe explains the now-recognized reduction in mortality improvement rates from heart 
disease.  

What about obesity? This was considered to be the dark cloud on the horizon 10, 20 years ago. 
My view of it is that it hasn't really worked out quite like this. This is a study that was published 
last week looking at the—in The New England Journal of Medicine, which is the most 
prestigious journal in my field, and it looked at the health effects of overweight and obesity in 
195 countries over 25 years. This is going to become a very important study in the future. This 
will be analyzed upside down and inside out. This is the key sentence: "Obese persons are 
healthier and live longer now than in previous decades, because of better care and better risk 
factor management."  

The message here is not go out and get obese because you're going to do fine. That's not at all 
the message. The reality is that you don't die from obesity, you die from the complications 
thereof, which is heart disease [and] diabetes and its complications. It just so happens that we 
can treat all those things ‘way better than we used to before. Obesity is more manageable, and 
perhaps less a threat than it was expected to be 20 years ago when it was anticipated that all 
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the advances in cardiovascular medicine of the previous 20 years would be wiped out by the 
obesity epidemic. This has simply not happened. It has not materialized.  

There is one smaller dark cloud on the horizon, however, and that is the childhood obesity 
issue. I don't have time to talk about it now, but a lot of this is looking at adult obesity. The 
issue now is that kids are becoming obese at much younger ages, and therefore the cumulative 
number of obese years by the time you get into adult life is not something that we have ever 
had to contend with before. It is possible that that will be a bigger issue in the future than the 
development of obesity at age 50 and age 60. We just simply don't know about that one.  

I just want to get—if I have time—I'm good? Still, okay, perfect. I'm good. All right, so I just 
want to look at one element that we don't often look at. In your world, you're not familiar with 
this, but this is the concept of age. If I asked you, “Is ageing a natural phenomenon or not?” you 
would probably say, yes, absolutely. We all age and we all die. That's the way it is. In medicine, 
the concept is that perhaps ageing is not a natural phenomenon, but is actually a disease. This 
could be a paradigm shift.  Remember that one in two Canadians will get cancer. That is right. 
That's because one in two Canadians is going to live ‘way longer than [people] ever lived 
before. Ageing is a major risk factor for the majority of what we call chronic medical conditions 
from which most of us will eventually die.  

If you look at cancer, heart failure, diabetes, Alzheimer's disease, and dementia in general, 
Parkinson's, osteoporosis, sarcopenia, which means loss of muscle bulk, and osteoarthritis—
and that's a short list—age is the underlying factor. For many years people said, well, that's—
okay, we all age and therefore [it’s] not a big deal. There is now an effort to consider ageing as 
a medical condition. What if you could fix ageing? That could have a stunning impact on the 
common causes of disease that we deal with today, which are cancer and cardiovascular 
disease. When people ask me what's my viewpoint about mortality improvement, can we 
continue to go at this speed, this is where I think the mileage is. Not in new drugs for 
cardiovascular disease, but a much more fundamental analysis of what it is that subtends the 
diseases that we see more commonly as we get older.  

Can ageing be slowed? Yes, in laboratory animals, right. You can actually increase life 
expectancy by 50 percent in very primitive, non-mammalian species. There is a study that is 
starting this year in the US using a drug called metformin or Glucophage, and many of you may 
know that drug, it's very commonly prescribed for diabetes. It has been shown that this very 
common drug has the ability to slow aging in mammals. There is a human study about to start 
in the US, and there's a tremendous amount of excitement in the people in the National 
Institutes of Aging in the US. The study sets out to see if you can delay the age at which a lot of 
these common chronic conditions develop. This is actually one of the few studies where people 
are lining up to sign up to be part of a clinical trial.  

In laboratory animals, reducing the number of calories can extend life expectancy by a factor of 
two. There's already some evidence of that. There's already some evidence that ageing is a 
changeable phenomenon. That is a strikingly—it's kind of a stunning new element in the field of 
medicine. 

Stem cells I tossed in there, because everybody asks me about stem cells. Will it be in the future 
at some point, that if your heart is weak, you'll stop at the local heart store on your way home 
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and get a top-up of stem cells, which will keep you going for another month or two? It that 
reasonable? The likelihood is . . . no, because stem cell technology is still a nascent technology. 
It's highly complicated, and very expensive. Now, having said that, we've been proven wrong 
about costly technologies in the past, but that's my particular bias about stem cells.  

The question is, what's on the horizon in terms of medical advances that might actually sustain 
the mortality improvement? Once again, the emphasis would have to be on looking at 
cardiovascular disease and cancer. These are the top five medical advances that came to my 
mind a few weeks ago in putting this together. There could be 20 other ones in this slide, but 
actually, I think this is where the mileage is. Genomics, that's the study of our genetics, that's 
where I think that there's going to be a lot of extraordinary things happening as the 
understanding of the genome becomes clear. To make it really simple, genes probably account 
for 50 percent of the illnesses that we get. The rest of it is environment, all the rotten things we 
do ourselves as we age. When we're kids and as we age, all the bad food we eat, the fact that 
we sit too long and all those terrible things we do to ourselves. That's probably 50 percent.  

The genomics part has largely not been worked out yet. It is possible, for example, that heart 
disease, the actual cause of heart disease, could be properly worked out in the next ten years. If 
we knew all the gene aberrations that explained heart disease, that would be huge, because 
then you could start perhaps developing new drugs and so on. That is a reasonable prospect, 
because the speed at which genomic medicine is advancing now is really stunning.  

It is also possible that we will be able to repair faulty genes. You've heard already [that] one of 
the previous speakers mentioned a technology called CRISPR. You'll probably hear that word 
lots and lots. It was felt it would win the Nobel Prize for Medicine a year or two ago, but it 
didn't. It's possible in the future. This is the ability to actually take an abnormal gene and splice 
out a piece that is abnormal and replace it with a proper piece. You know, just let your mind 
wander. If you could do that every time there's an abnormal gene, simply splice it out and 
repair it, you could fix all diseases that are genetically determined. Is that in the future? Yes, it 
is. CRISPR is being used in laboratory animals. Actually, in China there's a number of human 
studies that are starting in this calendar year. That potentially is—so, genomics, if you were to 
ask me what does the future hold [inaudible 00:59:22]? What's in the future that could actually 
really keep our mortality improvement rate going at pace? I would say it’s applied genomics. 

Artificial intelligence will replace doctors in the future. Artificial intelligence does a better job at 
reading X-rays, reading pathology reports, and reading pathology slides. It can take care of the 
simpler ones for the moment. It will probably come up with better diagnoses than most human 
beings can do. It's not surprising. Content in medicine doubles every two years. It's impossible 
for a human being, any longer, to be competent in everything. Artificial intelligence is a fact of 
life in my world, and it will make medicine better, but there will be fewer doctors.  

Wearables are fizzling out in the healthy population, but becoming hugely important in chronic 
disease management. Hopefully, will have an ability to allow people with chronic disease to live 
longer by virtue of the fact that all their data is being monitored somewhere, and hopefully 
[this] will allow earlier interventions. Three-D printing is stunning and it's extraordinary. We 
have 3-D printed some very uncomplicated organs, such as a windpipe, the trachea, and even a 
bladder has been 3-D printed. Three-D printing of complex organs such as heart, liver, brain—
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that is many moons away. Having said that, a 3-D liver has already been printed in the lab and 
has lasted for 45 days. That was just published this year. That's just a stunning result. Could the 
science and technology on 3-D printing ever be cheap enough so that it's applicable to large 
segments of the population?  And that’s not [inaudible 1:01:08]? 

Nanotechnology, that's just an extraordinary technology where you can miniaturize everything 
to a point that you can actually put it into the human body. You could potentially deliver drugs 
directly to where a cancer is, rather than giving drugs that damage all the body's cells. You 
could have monitoring devices in various organs detecting the earliest signs of organ 
dysfunction. Once again, you can let your mind wander. It's a stunning technology, probably 10 
to 20 years away, but these are the kinds of things that the future holds. That was kind of my 
wow factor slide that I wanted to give you. 

Where are we? Cardiovascular mortality is improving . . . but the slowdown is likely real. I 
haven't shown you slides just to really prove that. We don't really have them at the moment 
yet in Canada. But the general consensus is that mortality improvement from cardiovascular 
disease has slowed down for the reasons I said. Cancer mortality's improving slightly and 
slowly. I didn't talk much about cancer. There's been some stunning advances in cancers where 
we have now gotten survival ‘way beyond 10 years in cancers that were previously fatal within 
one or two years. There are some very interesting things in cancer immunology, which I think 
will have an impact in the future. Ageing is the new disease; just wanted to introduce you to 
that. The medical progress is astonishing. It really truly is astonishing, and every year it seems 
to be more astonishing than before, but it is very difficult at this stage to say what its overall 
impact is going to be. Okay, thank you.  

Moderator Patrick Charbonneau: Okay, thank you. It was very interesting. I think we see 
different points of view on mortality improvement around the globe. It was pretty interesting. 
Thank you. We see that what is common is that the mortality improvements have a slowdown 
everywhere. Maybe it's time for questions now. Are you all awake? No? Oh, one. Good. 

Participant: This question is for Carrie. You mentioned some companies that would apply 
mortality improvement for ten years and then stop. Is that a common practice, or do you have 
any, like, overall take on that, like how you guys do that? 

Speaker Carrie Kelley: Sure. The ten years was an example, but it's typically between ten and 
20 years. I think the current view, our current view, and the view from the MP scale, is that you 
should take a near-term and long-term. I think it's still up in the air how long that overall 
duration is, and that's still something that people are trying to pin down. It's shifting to, you 
have a near-term and maybe that's ten years and then you go into a long-term, but the overall 
duration of that is still up in the air. It does typically cease at some point and probably should, 
but I don't think there's convergence yet on what that duration is.  

Participant: All right, so is there any consensus on how do you get from the short-term to the 
long-term? Is there a consensus on how many years that usually is? Or is it still everybody's— 

Speaker Carrie Kelley: There is no consensus on that yet, that being a new practice. People are 
typically linearly grading right now. It's fairly simple. Yeah, there—that's still one of the areas 
where it's starting to emerge. 
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Participant: Thanks. 

Speaker Carrie Kelley: Yeah.  

Marc Tardif: Marc Tardif. Carrie, I also have a question for you. My understanding is that in the 
US, companies are not typically doing mortality studies of their own data as regularly as we do 
in Canada because of our valuation standards. Is that correct that they may be doing it every 
three or four years, but not on a regular basis? Where I'm getting that is, I'll finish my question, 
is to say, if they're not doing that or if they're doing that, are they comparing the mortality 
improvement that they're experiencing with . . . the ones that are published by your research, 
and saying, okay, are we tracking at the speed, you know, are we going as well as we projected 
or not as well as we projected? 

Speaker Carrie Kelley: To your first point, companies do typically—well, it depends on the 
companies. Larger companies are doing annual updates to their experience studies, but most 
companies are doing them at least every three or so years. That will be changing as we move to 
principle-based reserves. I think companies are going to be doing that more frequently. As far 
as comparing their company mortality improvement to the population, a handful of companies 
do. What they usually find is they don't have enough data to look at the more granular 
assumptions that they would build from the population data, so they can look at overall trends 
and, you know, again, see if they're tracking. They can see if they're wildly off, but generally 
they're only able to say, well, this seems in the ballpark, but I don't really have enough company 
experience to say, I should change that. They're looking for wild deviations, but again, they're 
looking at their data as less credible.  

Denis Garand: Hello, my name is Denis Garand. Is there any research on the impact of more 
focus on prevention? Like, Timothy, you talked about exercise and things like that, the change 
in smoking population, and seeing where it is more efficient to spend money on increased 
medical technology, increased intervention, or public health intervention. Myself, I've looked at 
the Canadian group working-age population mortality improvements, and it's highly correlated 
to the change in smoking patterns. I'm wondering how much was really the impact of medical 
advances in reducing that mortality versus the public health interventions that helped change 
the behaviour? I think it would be interesting if there was some research on where we should 
be spending our money. 

Speaker Tim Meagher: I think that the medical answer to that question is always [that] it 
should be in medicine. But I think the honest answer [is] it should be in public health. The 
dividends from public health improvements in the past, I think, have been bigger, have 
contributed more than the dividends in medical advances. That probably speaks to earlier 
decades than the ones that we're in now. It's a really good question. You know, we've always 
said public health 50 percent, medicine 50 percent. That's always been the stock answer to that 
question. I think it was true in earlier decades; I'm not sure about now. You know, smoking is 
the one we're familiar with. Had we done similar studies on sedentary individuals and started at 
a similar time, would we have found the same thing? It's said that a sedentary lifestyle is the 
new smoking—you know, that's kind of the catch phrase.  

Certainly, the studies—and they're not all that elaborate—the studies suggest that that's the 
case. A little like exercise. Lack of exercise is also considered to be the new smoking. It turns out 
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that those two things are not the same. It's not just lack of exercise. Lack of exercise is not 
equal to sedentary, there's actually an additive impact of exercising plus not being sedentary, 
which is interesting. I think all that really needs to be studied in ‘way more detail to be able to 
give you a proper answer to your question. But off the top of my head I would say, if you could 
get everybody out exercising and standing, [inaudible 01:09:49] I think you’d get a lot more 
mileage from that than—at least in the short-term—than I think you would get from the high-
priced medical technologies, which I don't think are going to yield a dividend, at least not in the 
next decade.  The impact will probably be maybe 20 years hence. That's a very long-winded, 
very poor answer to your question.  

Moderator Patrick Charbonneau: Thank you. Thank you to all for attending. I wish you a good 
day. Bonne journée aujourd'hui, and especially thank you to our speakers.  

[End of recording] 


