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Executive Summary 
 

Senior mortality, while increasingly relevant to society, is still a mystery to a large extent. 
This paper examines three distinct populations: the U.S. population, though an annual sample of 
the Medicare database of the Centers for Disease Control and Prevention (CDC); the life 
settlement population of an independent life settlement underwriter, 21st Services LLC; and the 
population implied by the Society of Actuaries’ 2008 Valuation Basic Tables (VBT). These three 
populations exhibit varying characteristics with respect to early duration survival that are 
consistent with the level of underwriting involvement in each population; however, the 
mortality/survival rates of all three populations seem to converge within 10 years. Further study 
of the Medicare data suggests there is a clear wealth effect on survival as evidenced by 
progressively higher survival rates as the socioeconomic status of the population subgroups 
increases. 
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Senior Mortality 
 

Senior mortality is increasingly important and relevant in modern U.S. society. Seniors 
represent a larger proportion of the population as the baby boom generation matures. Seniors are 
living longer as well, which accentuates this trend. The impact of this phenomenon is significant. 
Social insurance systems, such as Medicare and Social Security, are directly impacted. The 
demand for medical services increases with an older population as well. 
 

Senior insured mortality is challenging to define. Traditional sources of mortality 
information, such as life insurance experience, do not provide much insight. In the case of life 
insurance, many seniors no longer need life insurance at advanced ages and, therefore, never 
apply for coverage. Further, many if not most seniors are rejected in the underwriting process for 
health reasons and never enter the pool of insured individuals. 
 

The insurance industry’s most recent Valuation Basic Tables in 2001 and 2008 graded 
mortality rates to population mortality rates at the upper ages. 
 

Because of the above, data on senior insured mortality is scarce. Traditional wisdom 
regarding the select period, the wealth effect on mortality, etc. may apply in the sweet spot of 
insured data, which is ages 35 to 55. However, intuitively one can accept that these conventions 
may not apply at ages above 65. As the mortality curve steepens, relationships that hold at 
younger ages may not hold here. This paper will explore the select period and the wealth effect at 
older ages. It will also examine mortality (or survival) rates for three different senior populations. 
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Life Settlement Market 
 

In the late 1990s, the viatical settlement market began to evolve into what is now known 
as the life settlement market. Viatical settlements were born out of the need for funds of HIV-
infected individuals who incurred large medical expenses seeking treatment. If these individuals 
owned life insurance policies, they sought to sell them to accelerate the death benefit to pay for 
needed medical care. Often, private individuals would purchase the life insurance policies of 
HIV-infected people whose life expectancies were three years or less. By discounting expected 
outflows of premiums and inflows of death benefits, market prices for these insurance policies 
were determined. The source of these life expectancy estimates was often the insured’s personal 
physicians, who were knowledgeable regarding the insured’s health but may not have been 
independent or expert in actuarial/underwriting matters. With the advent of protease inhibitors, 
the HIV-infected population saw large increases in life expectancies, which destroyed the market 
for HIV policies and the market value of portfolios of these policies. 
 

From there, the focus of the secondary life insurance market shifted to impaired seniors. 
Insureds that no longer needed their insurance policies were offered market values far in excess 
of statutory cash values and were willing sellers. Due to relatively high transactional costs and 
long time frames for transactions to close, policy sizes tended to be quite large, often over $1 
million of face amount. While pricing methodology remained similar to that utilized by viatical 
investors, life settlement investors required independent assessment of life expectancies. Life 
expectancy providers arose to meet this requirement. These companies were independent 
underwriters who utilized the life insurance industry-accepted debit/credit underwriting model, 
but with adjustments that reflected a clinical understanding of senior impairments. 
 

However, life expectancy providers did not have significant volumes of life settlement 
data on which to set their base mortality tables. Therefore, they naturally gravitated to life 
insurance tables, such as the 2001 VBT. This was a logical result. Both life settlements and life 
insurance involved underwriting of medical information. As life settlement experience emerged, 
there were key differences noted. In particular, early duration mortality was much lower than that 
of the 2001 VBT. Two theories emerged. One stated that the early experience would be offset by 
much higher mortality in later durations. Another theorized that anti-selection was evident in the 
life settlement population because insureds who were close to death would not settle their 
policies and collect a fraction of the face amount that would be payable to beneficiaries upon 
their death. However, neither theory could be validated at that time due to the small amount of 
available life settlement. 
 

The life settlement market grew from its inception in 1997 to $12.9 billion (face amount 
of policies sold) in 2008.1  With this increase in transactional flow came statistically powerful 
data and experience data for longer durations. Also in 2008, the SOA released the 2008 VBT, 
which showed significant mortality improvement from the 2001 VBT. Life expectancy providers 
produced new mortality tables based on modifications to the 2008 VBT that exhibited lower 
mortality than their old tables and this led to the revaluation of many life settlement portfolios 
and it affected market values for life insurance policies on the secondary market. Life expectancy 
extensions varied by age and gender, with younger, healthy male individuals exhibiting the 
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largest extensions. Just as the viatical market was shaken by extensions in life expectancies, 
these events threatened the life settlement industry. 
 

Coupled with the credit crunch in late 2008, these events created a perfect storm to 
cripple the secondary market for life insurance. The face amount of policies sold fell 46 percent 
to $7.0 billion.2 Investors became focused on the life expectancy estimates, which underpinned 
the valuations of life insurance policies. The issue arose of whether another extension of the 
magnitude seen in 2008 would occur again. Life expectancy providers, such as 21st Services,3 
pointed to three main reasons for the 2008 extensions: 

 
1. Lack of life expectancy data early on and over-reliance on static life insurance 

mortality tables; 
2. Lower mortality rates in the 2008 VBT relative to the 2001 VBT; and 
3. Emerging life settlement experience, which showed lower early duration mortality 

due to anti-selection on the part of sellers of life insurance policies and the 
existence of a preferred segment of the life settlement population mixed in with 
the impaired segment. 

 
As for postulating on future extensions, participants commented that: 

 
1. Advances in health care and medical treatments are certainly probable; however, 

those of the magnitude necessary to meaningfully influence senior life 
expectancies are improbable. 

2. Life settlement mortality is better defined and the industry has its own tables and 
does not need to begin with life insurance mortality tables. 

3. Mortality improvement factors are used by life expectancy providers, which 
means that the tables will not become obsolete solely by the passage of time. 

4. Although overall mortality levels for life settlement populations are well defined, 
the data for various impairments is not yet voluminous enough to allow for tight 
confidence intervals with respect to individual impairments and, therefore, 
investors should diversify by impairment. 

 
Investors generally received this explanation very well although the question of late 

duration mortality for life settlement populations remained of keen interest as the immaturity of 
the life settlement industry means late duration mortality does not exist. A major thrust of this 
paper is to study the possible convergence of life settlement mortality with that of other more 
mature populations to determine if a consistent relationship can be observed. Such a relationship 
would allow for the use of outside data at later durations to supplement the early duration 
experience observed in the life settlement data. This paper will examine life settlement mortality 
in more detail and compare it to other populations toward that end. 
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Review of Literature 
 

Berin, Stolnitz and Tenenbein (1989) provide a historical perspective on U.S. mortality 
trends. In particular, they focus on the evolution of mortality differences between males and 
females. Their work provides a firm foundation for research that is beyond the current scope of 
this paper by examining how survival rates have evolved for each gender. However, the overall 
trend of consistently increasing survival rates that they observe by gender applies to the overall 
population as well. 
 

Portnoy (1986) is also focused on differences in male and female longevity. However, 
her research utilizes Medicare data and she provides support for its use as a credible source of 
data for longevity research. In particular, the large sample size allows for tight confidence 
intervals and high statistical significance of the analysis utilizing Medicare data. 
 

Wade (2008) provides a historical context for the increasing numbers of the U.S. 
population at 65 and older. Although this phenomenon begins with trends in birth rates, many 
other factors influence the observed improvement in mortality, including medical advances and 
improvements in education and standard of living that lower mortality rates of the population. 
Wade also discusses the wealth effect and notes the difficulty in correctly assigning observed 
mortality improvement to its cause; for example, is it income or education that drives lower 
mortality or is it that healthier individuals gain easier access to better education and jobs. 
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Methodology 
 

The Centers for Disease Control and Prevention 5 percent random Medicare sample 
(approximately 1.2 million individuals) for 1996 forms the basis for the Medicare/U.S. 
population data in the study. This includes people 70 and older who were alive on Dec. 31, 1996, 
enrolled in parts A and B continuously from January 1992 through December 1996. To assess its 
comparability with insured populations, certain adjustments were made. First, any subjects who 
had enrolled in either an HMO or Medicaid in this period were excluded. Diagnosis codes are 
not used for billing and collection by medical personnel for HMOs, which precludes their 
inclusion in this study. Medicaid enrollees are generally of the lowest socio-economic status, 
which suggests their inclusion in this study, especially when studying the wealth effect; however, 
the data was not available. These exclusions reduced the sample to approximately 1.1 million 
individuals. This age group was studied from inception until the present (subject to the normal 
lag in obtaining Medicare data). Claim history for each individual in the database is available in 
the Centers for Medicare and Medicaid Services (CMS) standard analytical file. Practically 
speaking, the follow-up period for the 1996 age group was 10 years. 
 

In this Medicare cohort, we subsequently defined the socioeconomic status (SES) of each 
subject. Specifically, we identified the median household income (MHI) in each ZIP code, 
according to the results of the 2000 U.S. Census. We then ranked MHI across all ZIP codes, on a 
percentile scale (i.e., from 0 to 100). We subsequently defined the SES of each subject as the 
percentile rank of the MHI in the ZIP code in which the subject resided. With this definition, we 
divided the Medicare cohorts into 10 sub-cohorts, each representing deciles of the population, 
ranked by median household income.  

 

The underwriting process for insurance and life settlements involves examination of 
medical records. In the case of life settlements, an average of five years of records is examined. 
To replicate this process for Medicare data, the study began in 1992 for this data. The period 
from 1992-96 was utilized as an observation period to collect medical information. International 
Classification of Diseases, ninth revision (ICD-9) codes in the data served as the medical records 
that were analogous to the records available to life settlement underwriting. Because of this, we 
excluded those participants who were 65 to 69 on Dec. 31, 1996, because those people would not 
have five years of past medical records available in the database. This cohort is thus defined as 
subjects of age greater than or equal to 70 years on Dec. 31, 1996, with both continuous 
Medicare parts A and B coverage from January 1992 to December 1996, and no periods of 
enrollment in either a health maintenance organization or Medicaid during the interval. 

 
Comorbid conditions were ascertained from Medicare parts A and B administrative 

claims in the following manner. First, all ICD-9 diagnosis codes from claims were gathered for 
each subject. All diagnosis codes were rounded to three digits. A condition was defined to be 
present if a subject submitted either at least one Medicare Part A in-patient, home health, hospice 
or skilled nursing facility claim during the observation period with the relevant diagnosis code 
listed therein or at least two Medicare Part A outpatient or Part B claims with the relevant 
diagnosis code listed therein. Conditions with overall prevalence in the cohort exceeding 0.1 
percent (i.e., one in 1,000 subjects) were included in this analysis. For those conditions where 
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there is no compensation to the doctor for their treatment, the doctor has little incentive to 
include the ICD-9 code. Although Medicare fraud is also likely, there are penalties for filing 
fraudulent claims.  
 

Kaplan-Meier techniques were used to develop survival curves for the Medicare 
population. 
 

The database for life expectancy provider, 21st Services LLC, serves as the basis for life 
settlement population in the study. It consists of over 77,000 unique individuals, complete with 
an average of five years of medical records for each life. The U.S. Social Security death database 
has been searched to determine if any of these people have died. Life settlement populations 
consist of principally impaired individuals but there are also those who might qualify as 
preferred class due to the absence of impairments (considering the age of the insured), a vigorous 
lifestyle (again taking age into consideration) or a favorable family history of longevity. This 
population includes all those who have been underwritten in anticipation/exploration of a life 
settlement transaction but that does not mean that every member actually sold a policy on the 
secondary market. A more relevant population would be the subset of this population that 
actually sold their policy, but investors have not made this information available to life 
expectancy providers. 
 

Kaplan-Meier techniques were utilized to develop survival curves for the life settlement 
population. 
 

The 2008 VBT (age nearest birthday) serves as the basis for insured mortality in the 
study. Because it reflects individual life insurance mortality of freshly underwritten individuals, 
adjustments must be made to afford appropriate comparison to life settlement or population data. 
Where indicated, the table has been age/gender/smoking status to 21st Services’ database. Figure 
1 presents the age/gender/smoking status breakdown of the 21st Services database. The table 
labeled LifeIns-1Mult is the 2008 VBT, with age/gender/smoker status matched to the 2009 21st 
Services’ database. This table has an implicit mortality multiplier of 1, suggesting freshly 
underwritten individuals with no impairments to speak of. Ultimately, additional matched 
mortality tables will be created for this analysis; for example, a table based on matching 
mortality multipliers to the 21st Services’ database, as well as age, gender and smoking status. 
 

Normalized survival curves are derived by choosing a point in time and resetting the 
cumulative survival to 100 percent at that point by simply dividing all cumulative survival 
percentages by the cumulative survival percentage at the point of normalization. This allows for 
comparison of the slope of the survival curves from the point of normalization. Similar slopes 
among different populations would suggest similar survival rates. 
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Discussion 
 
Prevalence of Conditions 
 

Figure 2 presents the most common conditions in the Medicare database and the 21st 
Services database for all conditions where the prevalence is more than 10 percent. A more 
complete list of all conditions with prevalence of at least 0.1 percent is included in Appendix 1. 
The first set of conditions pertains to the Medicare database and the second to the 21st Services 
database. The odds ratio is calculated as the odds (prevalence / [1 – prevalence]) of the comorbid 
condition in 21st Services subjects, divided by the odds of the comorbid condition in Medicare 
subjects. Odds ratios greater than 1 are indicative of relatively higher prevalence of the comorbid 
condition in 21st Services subjects, while odds ratios less than 1 are indicative of lower 
prevalence in 21st Services subjects. 
 

While many comorbid conditions show similar prevalence in both databases, others do 
not. This may be indicative of true differences in the populations but not in all instances. For 
example, obesity is more prevalent in the 21st Services database than in the Medicare database 
due presumably to the fact that Medicare does not compensate doctors for treatment of obesity. 
On the other hand, diseases of the esophagus, many of which are related to smoking, are more 
prevalent in the Medicare population, which likely includes more smokers than the 21st Services 
database. 
 

Prevalence of conditions in the life insurance database was unavailable. On one hand, as 
these individuals had been freshly underwritten, it is logical to assume zero conditions exist. 
However, this is not likely. For example, in the 21st Services’ database, conditions are 
underwritten for age. For example, virtually all 90-year-olds will exhibit some coronary heart 
disease. These conditions are assessed relative to what level is expected of a 90-year-old. The 
condition is noted in the underwriting process, but no additional debits are assessed unless the 
level of heart disease is greater than what is expected of a 90-year-old. Another way of looking at 
this issue is from the standpoint of the base mortality table. In the 21st Services’ table, certain 
age-appropriate levels of conditions are built into those tables. The same might be true of life 
insurance mortality tables. 
 
Survival Curves for Three Senior Populations 
 

Figure 3 illustrates survival curves for three senior populations. Two curves are presented 
for the life settlement population—both observed and predicted from a pooled age/gender 
matched cohort of 21st data and SES 90th to 99th percentile data. The latter curve allows for a 
more complete view of later-duration mortality, where data is scarce in the observed population. 
The life insurance curve is derived from the 2008 VBT ANB with a mortality multiplier of 1 that 
was age/gender/smoking status matched to the life settlements population. The Medicare survival 
curve is also age and gender matched to the life settlement population. 
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Convergence of Survival Curves in Later Durations 
 

Figures 4 and 5 present the survival curves in Figure 1, normalized after 72 and 84 
months. Figure 6 presents three of the survival curves normalized after 96 months. The 21st 
Observed curve was omitted as its volatility was evident in this portion of the graph. The 21st 

Predicted curve is well within the confidence interval of the observed experience. 
 
The Wealth Effect in Medicare Population 
 

It is accepted that wealthy individuals exhibit higher survival than those who are less well 
off. Figure 7 presents a breakdown of the Medicare database into 10 groups. Each group 
represents a tenth of the Medicare population, ranked by average household income. 
Comparisons of survival curves among these groups will provide data to analyze whether a 
wealth effect is evident in the Medicare population. By noting the point in time where each 
decile subgroup passes the same cumulative survival percentages, the wealth effect can be 
studied. For example, if the wealthiest subgroup crossed 80 percent cumulative survival at the 
same point as the poorest subgroup that would suggest no wealth effect was present. If, on the 
other hand, the wealthiest subgroup passed 80 percent cumulative survival much later than the 
poorest subgroup, that would support the existence of a wealth effect. 
 

Figures 8 through 12 provide further breakdowns of male population experience, broken 
by both SES and age. Each figure illustrates the wealth effect for quinquennial age groups, 
beginning with ages 70 to 74 and ending with 90 and older. Data is less plentiful at the older 
ages, introducing increasing levels of statistical fluctuation. 
 
Early Duration Differences in Survival Curves 
 

Figure 13 presents a graphical representation of early duration survival rates between the 
general population and the life settlement population. It has been theorized that insureds 
considering selling their policies on the secondary market exhibit higher survival rates because 
those insureds who feel that their death is close at hand will avoid selling their policy (and 
receiving a fraction of the face amount) if at all possible.4 To test this theory, we noted the points 
at which the cumulative survival curves cross 90 percent, 80 percent, 70 percent and so on. The 
difference, expressed in months, is a measure of the anti-selection effect. 
 

It is possible to attribute some of this difference to the fact that the Medicare population 
is of a lower average socioeconomic status than the life settlement population. 
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Results 
 
Survival Curves for Three Senior Populations 
 

The survival curves follow a predictable pattern with population data exhibiting the 
lowest cumulative survival of any cohort in this study. The life insurance proxy, on the other 
hand, exhibits the highest cumulative survival, which is intuitively consistent. Insured 
individuals are underwritten and only those who are not impaired are issued policies. The life 
settlement population cumulative survival fits in between the others. As this population consists 
of people who once qualified for life insurance policies, it is expected that they experience lower 
cumulative survival patterns than the insured population. The life settlement population is also 
presumed to be among the highest socio-economic status, due to the relatively large face 
amounts involved. The general population proxy exhibits the lowest cumulative survival as this 
population includes those who never qualified for life insurance as well as those who have. 
 
Convergence of Survival Curves in Later Durations 
 

A review of Figure 3 suggests that there were significant differences in early duration 
survival among the populations studied. However, as the duration increases, it appears that the 
slopes of the four survival curves tend to converge, indicating that mortality rates converge after 
a point in time. Figures 4 and 5, normalized after 72 and 84 months, respectively, show close 
convergence among all four populations. However, the life insurance population still exhibits 
slightly higher survival rates at those points. Figure 6 shows that after 96 months, mortality 
converges for all subject populations. 
 

The 2008 VBT exhibits a select period that varies at older ages from 20 years at age 70 to 
zero at age 90. This differs from the observed select periods in the underlying data, which range 
from approximately 20 years at age 70 to four years at age 90.5 Observed convergence of male 
data suggests similar patterns as that of the data underlying the VBT. 
 
The Wealth Effect in Medicare Population 
 

Figure 7 illustrates clear differences in the Medicare survival curves when the data is 
broken down by socio-economic status. Although the general shape of the survival curves of 
each decile of the Medicare population is similar, the wealthiest subgroup’s survival curve is at 
the far right, the poorest is at the far left and the others fall in line between those extremes in 
order of socio-economic level. The segment representing the tenth of the population with the 
highest household income enjoys meaningfully higher survival rates than the poorest segment 
over the study period. The wealth effect increases as the cumulative survival rate declines, with 
the difference between the lowest SES and highest SES increasing to 13 months at the point 
where 50 percent of each population remains. 
 

Male population data broken down by quinquennial ages and SES shows that the wealth 
effect reduces as age increases. The wealth effect at 70 percent cumulative survival is 24 months 
for ages 70 to 74, but shrinks to four months by age 85. Similar observations can be made at 60 
percent cumulative survival. 
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Anti-Selection in Early Durations  
 

As seen in Figure 13, the population survival curve approaches 90 percent cumulative 
survival after 22 months, which is 21 months earlier than life settlement populations. At 80 
percent, the difference is 24 months, which remains relatively stable thereafter. Further research 
on the relationship between the life settlement population and the life insurance population is 
indicated; however, this is beyond the scope of this paper due to the need to match the 
populations for the degree of impairment. 
 

As noted above, it is possible to ascribe some of the observed anti-selection in early 
durations to the wealth effect because the Medicare population in Figure 13 includes all socio-
economic segments while the life settlements population presumably includes only high wealth 
individuals. Inferring from Figure 7, where SES is broken out, and applying this inference to 
Figure 13, it is possible to conclude that five to six months of anti-selection are due to the wealth 
effect. 
 
  



11 

Conclusions 
 
1. Mortality among life settlement, life insurance and general populations is quite different 

from the onset, due to many factors, primarily selection, time since underwriting, 
impairments and the wealth effect. 
 

2. Mortality rates for these populations converge over time and become very similar, 
suggesting that whatever early duration factors are present, these factors wear off. 

 
3. The convergence of mortality between older insured individuals, be they from traditional 

individual life insurance or life settlement populations, and seniors in the general 
population occurs much sooner than the typical 25-year select period prevalent in life 
insurance populations and tables. Further study is ongoing to better define the select 
period in these populations. 

 
4. The wealth effect is evident in Medicare population data, and it progressively increases 

with SES. 
 
5. The wealth effect is most pronounced at younger ages (70 to 74) and stabilizes after age 

85. 
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Figures 
 
1. Age/gender/smoking status breakdowns of the 21st Services’ database 
 
2. Prevalence of conditions in the 21st Services’ and Medicare databases with 10 percent or 

higher prevalence 
 
3. Survival curves for three populations 
 
4. Survival curves normalized after 72 months 
 
5. Survival curves normalized after 84 months 
 
6. Survival curves normalized after 96 months 
 
7. Wealth effect in the Medicare cohort 
 
8. Wealth effect in the Medicare cohort males age 70-74 
 
9. Wealth effect in the Medicare cohort males age 75-79 
 
10. Wealth effect in the Medicare cohort males age 80-84 
 
11. Wealth effect in the Medicare cohort males age 85-89 
 
12. Wealth effect in the Medicare cohort males age 90+ 

 
13. Anti-selection comparing the 21st Services’ and Medicare populations 
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Appendices 
 
1. Prevalence of all conditions in the 21st Services’ and Medicare databases with 0.1 percent 

or greater prevalence. 
 
2. 21st Services’ Client Notes, February 2010. 
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