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Humankind actively seeks to maximise its fleeting duration on 
Earth, and living a long healthy life is a natural desire, but it creates 
threats and opportunities. Traditional financial industries, especially 
pension funds, life insurance companies, and other investment 
firms are under pressure of the silver tsunami. Moreover, we are 
succeeding in extending the lifespan. Whilst this is to be celebrated, 
on the one hand it also raises challenges regarding how individuals 
manage their wealth, and on the other hand the current and future 
speed of expanding of lifetime expectancy is a new type of risk, 
so-called longevity risk which depends on individuals, the 
above-mentioned financial companies, and political issues.

Managing longevity risk requires an understanding of a wide range 
of issues, from the measurement of longevity risk for pricing, 
reserving and setting aside capital, to the management of risk 
through de-risking, reinsurance and capital markets solutions such 
as longevity-derived financial instruments. Such instruments are the 
main focus of this report. The report includes derivatives 
explanation and analysis, including the comparison to other 
financial instruments. A significant part of the text is dedicated to 
the so-called Longevity Derivatives 1.0, which underlying asset is 
chronological age.
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Executive Summary

Although the longevity derivatives market has a large number of economical agents, the main ones are hedgers, speculators and 
arbitrageurs, who are given special attention in the report. New opportunities are opening up for all these agents in case of the high 
accuracy of risk assessment and forecasting, the selection of the correct risk management tool, and the valuation of a derivative are key 
challenges. To meet these requirements, the main types of longevity derivatives and financial instruments have been identified: different 
survival bonds, forwards, swaps, options, and swaptions etc. Although the first practical implementations of Longevity derivatives were 
introduced almost 20 years ago, they have not become a common hedging tool for financial companies. The reason is rooted in the fact 
that the chronological age does not have a sufficient correlation with longevity risk. In this report the possible solution is analysed  — 
biological age-based financial instruments, Derivatives 2.0. 

The rising age of human-validated biomarkers of aging generates a new form of financial instruments, which we believe are better not only 
for Longevity industry participants but also for traditional financial institutions because the correlation of biological age with age-related 
diseases is higher than the correlation of chronological age with age-related diseases. The implementation of Longevity derivatives based 
on biological age can also reduce costs of maintaining retirement living standards due to aging and Longevity shock.
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Financial instruments may be described as tradable assets or capital packages. One of the 
main goals of financial instruments is to provide an efficient flow and transfer of capital all 
throughout the world's investors. There is a variety of assets that may be used for financial 
instruments, namely cash, a contractual right to deliver or receive cash or another type of 
financial instrument, or evidence of one's ownership of an entity. 
To sum up, a financial instrument is a real or virtual document representing a legal agreement 
involving any kind of monetary value. 

According to their financial nature, financial instruments could be divided into two main 
categories: cash instruments and derivatives, where derivative is defined as financial security 
with a value that is derived from, an underlying asset or group of assets — the so-called 
benchmark. 

On the other hand, the nature of the assets themselves might be analyzed. Based on that, we 
define equity-based and debt-based financial instruments. The common example of an 
equity-based financial instrument is stock. 

As will be shown later, Longevity-derived financial instruments could be formulated in any of 
the aforementioned types.

Financial Instruments

Cash Derivatives

Financial Instruments

Equity-based Debt-based

Financial Instruments / Introduction
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A new global capital market, the Life Market, is developing  and  
“longevity pools” are on their way to becoming the first major asset 
class of the twenty-first century.

Longevity risks arrive due to inaccurate predictions of the level of 
mortality rate and numbers of retirees. Another reason why managing 
Longevity risks has become more important for the entities is new 
regulation requirements. Solvency II is the directive in European Union 
law and it requires that insurance companies measure and evaluate 
Longevity risk and as a result increase the capital level required for 
Longevity risk.

Thus, Longevity-derived financial instruments are used in order to 
hedge such risks. In general, these derivatives are designed to 
generate income for investors due to increased Longevity, as well as 
reduce the negative impact for companies suffering from Longevity 
risks. Longevity risks have weak correlation with other financial risks, 
therefore small beta coefficient (the measure of volatility of an 
individual stock compared to the systematic risk of the entire market) 
attracts investors a lot. Lifespan, years
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Governments can be interested in longevity securities to assist financial institutions which are 
exposed to longevity risk. Such actions reduce the probability that large companies are bankrupted 
by their pension funds, with the result that society as a whole benefit from the greater stability of 
the economy.

Government is also interested in managing its own exposure to longevity risk as it is a significant 
holder of this risk: via the pay-as-you-go state pension system; via its obligations to provide health 
care for the elderly and for many other similar reasons.

Ensuring an efficient annuity market and efficient capital market for longevity risk transfers means 
that government can affect and reduce concentration risk and provide construction of national 
longevity indices. However, when we are considering issuing the longevity derivatives based on 
biological age, we can talk about the ability to consider the correlation with the actual health 
indicators. 

Government helps to share longevity risk fairly across generations and provides a fair risk 
premium. When issuing longevity derivatives based on biological age, the government could insure 
age-related diseases and implement more advanced and actionable metrics for government 
pension programs. The government will earn the market longevity risk premium sufficient to 
compensate for the aggregate longevity risk it bears. The most positive effect of using these 
tangible and relevant metrics in short-term and long-term government planning is minimizing all 
spent resources.

Interest in Longevity Derivatives among Governments 

Insuring age-related diseases

 Minimising of spended 
resources

Using accurate and realistic 
health indicators
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Over 150 financial and, in particular, insurance companies are already developing innovative products and services which creates 
information infrastructure and provides data about healthy life expectancy (HALE), disability-adjusted life year (DALY) etc. Main players 
include pension funds that have a lot of liabilities to shift, insurers and reinsurers that are actively working with pension funds to hedge 
their risks, and investment banks along with major financial services companies that are also eager to provide insurance to pension 
funds and to trade the longevity risk itself:

Infrastructure for Longevity Derivatives 

Due to the ecosystemic structure of the Longevity Industry, the interconnectedness and mutual influences of its sub-sectors make the 
growth of longevity infrastructure inevitable, since changes in one sector imply the developments in others. The most common examples 
technological multidimensional solutions for the Longevity Industry are: systems which hosts deep aging clocks, recommendations 
engines for longevity interventions  and longevity databases, universal multifactorial tools that allows to measure human biological age, 
web and mobile apps for longevity, easy-to-use reporting system to provide a unique experience for tracking biological age and longevity. 
Here are some examples of such technologies:

Deep Longevity is developing explainable artificial 
intelligence systems to track the rate of aging at the 
molecular, cellular, tissue, organ, system, 
physiological, and psychological levels. 

Deutsche Bank has launched a longevity risk index 
in hope it will increase liquidity within the market. 
The company said the Longevity Experience Options 
was meant to provide a standardised approach to 
further hedge longevity risk.

JP Morgan developed LifeMetrics, a toolkit for 
measuring and managing longevity and mortality 
risk. LifeMetrics allow pension funds to calibrate and 
protect the longevity linked risk of their beneficiaries. 

Haut.AI provides an AI-powered SaaS platform for 
pharma companies. Their platform allows to collect, 
store, manage and analyse skin health-related data 
using machine learning algorithms.
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The graph depicts the dynamics of longevity swaps’ operations in period 
of 2008-2020 years. During this period, deals for amount of $ 313 billion 
had been struck. Amount of new operations correlates with life insurance 
market size. For example, insurance market size in US also significantly 
dropped after 2015 year and slightly recovers during 2016-2020 years 
(IBISWorld, 2020).

Therefore, countries that may have potential demand for bioage 
derivatives are UK, the Netherlands, USA, Canada and France. Based on 
the fact that longevity swaps occupy the biggest part of longevity risk 
transfer market we assume that bioage swaps should be the most 
attractive longevity derivative. Similarly, bioage bonds will not be in 
demand.

The longevity risk transfer activities mainly take place in the countries 
with a relatively large pension market size, such as UK, US, Australia, 
Netherlands and France (DNB, 2016). Main longevity instruments that are 
in demand in these countries are longevity swaps, longevity reinsurance, 
index-based longevity hedge, buy-ins and buy-outs. About 95,77 % of 
longevity deals belong to 3 countries: UK (53,49%), the Netherlands 
(25,09%) and USA (17,19%).

Source: Artemis, Longevity Derivatives

Source: Artemis, 2019

Longevity-derived Instruments’ Market Size 
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About 85% of longevity swaps and longevity risk transfers are provided by insurance companies (such as Prudential Financial Inc, 
Reinsurance Group of America, Canada Life etc.), remaining 15% are distributed between investment banking and finance services 
institutions (such as Deutsche Bank, Legal & General, Credit Suisse, Goldman Sachs). Since 2011, Prudential has completed approximately 
$ 90 billion in international longevity reinsurance transactions. Prudential Financial’s average longevity risk transfer or reinsurance 
arrangement equals $ 4.1 billion. These transactions use a limited recourse, or pass-through structure, meaning the longevity and default 
risks are able to be passed through the insurer, onto the reinsurer.

Source: Artemis, Longevity Derivatives; Authors’ calculations

Top Longevity Derivatives Players 
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The US is the largest pension market accounting for 62% of the global pension market according to 2020 figures. The global 
assets are estimated at $ 52,522 billion. The Japan and United Kingdom follow the US with a significant difference — 6.8% and 
6.9% respectively. Together, these three markets account for over 76% of all pension assets.

During the last 10 years, the fastest-growing pension markets have been the US (215%), Netherlands (185%), and Switzerland 
(176%) among observed, while the absolute leader in this rally was China, during the last decade it increased its assets by 6.8 
times.

Assets Geographic Distribution, $ Billion
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Source: Thinking Ahead Institute, Global Pension Assets Study, 2021

Global Pension Funds Industry Outlook 
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Non-life Insurance

Global non-life premium growth is expected to get recovered to 3.6% in 
2021 and 2022, supported by strong rate hardening in commercial lines 
across countries. North America is the biggest contributor to the global 
non-life premium pool. The US will add over $ 90 billion through 2022. 
China will add from $ 40 to $ 50 billion. China is still the fastest-growing 
non-life insurance market with 8% growth expected in 2022.

Life Insurance

Such a significant decline in the premiums in 2020 was due to 
increased unemployment in the Covid-19 recession and a 
corresponding reduction in demand, and business activity.  

Following economic recovery we expect life premiums to get back to a 
growth trend after the 2020 crisis. Still, the growth was driven by 
emerging economies, primarily China, which is now the second-largest 
insurance market in the world after the United States. In advanced 
economies public pension systems faced difficulties coping with the 
shortfall in savings caused by low birth rates and longer life 
expectancies, opening new opportunities for the life insurance industry 
(Manzano, 2018). The COVID-19 pandemie also created a positive trend 
for insurance premiums growth (OECD, 2020).

Total Insurance Premium Growth, %

11

Source: Swiss Re sigma No 7, 2020

Insurance Industry Overview 
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By definition, swap is a financial instrument, namely — derivative contract through which two parties exchange the cash flows or liabilities 
from two different financial instruments. Swaps said to have two legs, where each cash flow comprises one leg of the swap. 

As for Longevity swaps, Longevity swap is a reinsurance structure where the client pays a fixed pre-agreed annual premium to the 
reinsurer plus an annual fee. The premium comprises of the expected annuity payment and a margin. The annuity payment time is based 
on the Longevity of the given pensioner. 

Longevity swaps have a number of features making them interesting for all parties involved, namely, they allow to deal with Longevity risks 
aside from the investment risks, this, in turn, allows trustees to diversify their risks and operate more efficiently. Longevity swaps also 
allows to exclude the upfront funding practice and hence to reduce counterparty risks. Probably, one of the most important things about 
Longevity swaps is their symmetry. The risk distribution related to the Longevity swaps is much more fair in comparison to some other 
financial instruments on the market.

The advantages of the Longevity swaps

Symmetrical risk 
distribution among 

counterparties

Investment and 
longevity risks 

separation

No upfront funding Counterparty risk 
reduction

Longevity-derived Swaps and Forwards 
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The evolution of financial market instruments has brought a number 
of new risk-diversification options to the attention of investors and 
new hedging options to companies that carry some specific risks like 
longevity risks for insurance companies and pension funds.

One of them is a survivor (longevity) bond which coupon payments 
are connected to the percentage of a defined population group 
especially retirees alive on the day of coupon payment. The higher 
survivorship of aging population causes higher payouts to them and 
a more valuable S-bond is a suitable risk-managing instrument.

There are also other  types of longevity bonds with conditions which 
can meet different needs:
● Survivor bonds continue to  pay until the last member of the 

reference population dies
● Principal-at-risk bonds with fixed or semi-floating coupons, 

principal repayments are connected to a survivor index 
● Inverse bonds whose price behaviour are inversely proportional to 

traditional longevity bonds.

Correlation between the Mortality Rate and the 
Price (Coupon) of a S-Bond
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In 2003, for the first time in history, Swiss Re issued Longevity principal-at-risk bonds, with a coupon pegged to LIBOR, and a principal 
pegged to weighted index of mortality rates in its countries [Blake, David, et al. "Longevity bonds: financial engineering, valuation, and 
hedging.", 2006].

Longevity-derived Bonds 
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The financial instruments described above are based on chronological age, which means that underlying assets are related to 
chronological age, for instance, mortality indexes. Chronological age is the amount of time that has passed from birth of organism to the 
given date. Biological age (physiological age) — physiological integrity of organism at the moment of research evaluated and based on 
measurement of biomarkers. The term "biological age" reveals progress of the biological aging process as opposed to the simple passage 
of time. 

The basic idea behind biological aging is that aging occurs as damage to various cells and tissues is gradually accumulated in our bodies. 
Also known as physiological or functional age, biological age differs from chronological age because it takes into consideration a number 
of factors other than just birthdate. 

BIOLOGICAL AGE
► How old our cells really are therefore,     

our real age

► Can be reversed by attending to your 
health

► The most important component to the 
aging process

СRONOLOGILAL AGE
► The number of years that have passed 

since birth

► Cannot be influenced by lifestyle and 
socioeconomic conditions

► Has little relevance to how you feel and 
function

Biological vs. Chronological Age 
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Assuming that biological and chronological age derivatives variations are not roughly equal, we can imply that biological age derivatives 
enable more efficient hedging when the correlation of biological age with age-related diseases is higher than the correlation of 
chronological age with age-related diseases.

Potential impact of different value of correlation between biological age and human disease, on Longevity derivatives operation amount 
for 12 year perspective is represented in the graph. This approach can lead to increase of market operation amount when the relationship 
between the biological age and the underlying asset of the financial derivative becomes stronger. Usage of Longevity derivatives with 
usage of biological age also can reduce costs of maintaining retirement living standards due to aging and to Longevity shock 
[International Monetary Fund, 2012]. Over 150 financial and, in particular, insurance companies are already developing innovative products 
and services which creates information infrastructure and provides data about healthy life expectancy (HALE).

Source: Artemis, Longevity Derivatives; Authors’ calculations

Biological Age Derivatives vs Chronological Age Derivatives 
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Blackrock Capital and Vanguard on the Rising Longevity Industry

“Longevity is a blessing. And as an investor, it provides you opportunities to benefit from 
compounding and to have a longer investment horizon. But if you don’t prepare for it, you are 
left with two options: Work longer in life, perhaps much longer than you’d like, or hope you’ve 
been good to your children and that they’ll be willing to care for you in your old age. And, 
second, I hope you’ll speak out. Longevity is an issue of social justice that will have a more 
profound impact on your generation than on any generation before. If we don't start to address 
it – not just in this country but globally – we're going to see fewer job prospects for young 
people, higher unemployment, lower growth and many older people – maybe your parents – 
left without the means to support themselves.”

— Larry Fink, Chairman of Blackrock Capital

“I’m actually pretty optimistic about the U.S. economy. But Europe’s got real challenges. A lot 
of that is due to the demographics in Europe. China has been the engine of growth for the 
world for the last 20 years, or the last 10 years in particular, but that’s not sustainable. So 
you’re looking at a world where growth is going to be more challenged than it’s been, unless 
you see some really big jumps in productivity.” 

— Bill McNabb, Chair of Vanguard
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Longevity Investment Big Data Analytics Dashboard

www.aginganalytics.com/longevity-investment-dashboard
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Deep Pharma Intelligence Big Data Analytics Dashboard 
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Deep Invest Solutions is the primary source of investment analytics and data management tools and algorithms. Our 
products are advanced data-driven quantifiable investment recommendations generated to conduct tangible, fast, 

comprehensive, and inexpensive analysis and due diligence for deep tech startups, as well as real-time financial analytics 
and consulting for publicly traded corporations in deep tech sectors. Deep Invest Solutions specializes in advanced 

financial engineering, including financial derivatives construction and 
de-risking tools development.

Deep Invest Solutions
New Era in Investment Analytics
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