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ORIGINAL ARTICLE

Structured Settlement Annuities, Part 2: Mortality
Experience 1967–95 and the Estimation of Life
Expectancy in the Presence of Excess Mortality
Richard B. Singer, MD; Craig J. Schmidt, MD

Methodology Artical: 005M5

Background.—The mortality experience for structured settlement
(SS) annuitants issued both standard (Std) and substandard (SStd)
has been reported twice previously by the Society of Actuaries
(SOA), but the 1995 mortality described here has not previously
been published. We describe in detail the 1995 SS mortality, and we
also discuss the methodology of calculating life expectancy (e), con-
trasting three different life-table models.

Results.—With SOA permission, we present in four tables the un-
published results of its 1995 SS mortality experience by Std and SStd
issue, sex, and a combination of 8 age and 6 duration groups. Over-
all results on mortality expected from the 1983a Individual Annuity
Table showed a mortality ratio (MR) of about 140% for Std cases
and about 650% for all SStd cases.

Life expectancy in a group with excess mortality may be com-
puted by either adding the decimal excess death rate (EDR) to q� for
each year of attained age to age 109 or multiplying q� by the decimal
MR for each year to age 109. An example is given for men age 60
with localized prostate cancer; annual EDRs from a large published
cancer study are used at duration 0–24 years, and the last EDR is
assumed constant to age 109. This value of e is compared with e
from constant initial values of EDR or MR after the first year. Inter-
relations of age, sex, e, and EDR and MR are discussed and illus-
trated with tabular data.

Conclusions.—It is shown that a constant MR for life-table cal-
culation of e consistently overestimates projected annual mortality
at older attained ages and underestimates e. The EDR method, ap-
proved for reserve calculations, is also recommended for use in un-
derwriting conversion tables.
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In part 11 of this two-part article, we de-
scribed the development and rapid growth

of a market for structured settlement (SS) an-
nuities—single premium annuities with a
schedule of lifetime benefit payments de-
signed to meet the future needs of an injured
party in a case of tort litigation. The under-

writing process for SS applicants was also de-
scribed, a process that is radically different
from the underwriting of applicants for life
insurance.

Although only relatively few life insurance
companies are engaged in the competitive SS
market, the number of SS annuities issued
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rose substantially after 1980 and the Society
of Actuaries (SOA) invited these companies
to contribute to an intercompany study of the
mortality experience with SS annuitants, both
for cases issued on a basis of normal or stan-
dard (Std) mortality and for those with excess
or substandard (SStd) mortality. The first
such study reported the mortality experience
through 1989, and the second through 1993.
Both of these studies were published as re-
ports in the SOA Transactions.2,3 A later
study of the mortality experience through
1995 was sent, as a report, to the contributing
companies but was not published.

1995 STRUCTURED SETTLEMENT
MORTALITY STUDY

As described in part 1,1 very few SS an-
nuities were issued before 1980, but there was
an explosive growth from 948 SS annuities
issued in 1984 to 77,347 issued in 1995, with
a total of 769,507 issued through 1995. Recent
growth (1990–95) is at an annual rate of 7.3%
per year. Male annuitants outnumber female,
and about two thirds of the issues are on a
Std basis (Tables 1 through 4). Younger an-
nuitants predominate (Tables 1 through 6):
Mean age was 34.6 years for both male and
female Std annuitants, but in the SStd annu-
itants, mean age was 34.2 years for those with
smaller age rate-ups (1–20 years) and much
lower (only 17.8 years) for those with larger
age rate-ups of 21 years or more. The expla-
nation for this lies in the flatness of the mor-
tality curve in children and young adults un-
der age 30. When excess mortality is high, as
it is in many of these SStd cases, it becomes
necessary to set a rated age far in advance of
the actual age to obtain a commensurate re-
duction in life expectancy. This topic will be
discussed later in this article. Compared with
life insurance policyholders, SS annuitants
have a higher proportion of females and a
much higher proportion of children in the to-
tal population.

MORTALITY RESULTS
Underwriting for individual life insurance

applicants has long been based on intercom-

pany impairment studies with the use of the
Select and Ultimate tables for producing stan-
dard expected mortality rates. The Select and
Ultimate tables provide reliable mortality
rates by sex, quinquennial issue age group,
and annual durations at durations of 0–15
years; rates are given by single years of at-
tained age for all durations over 15 years
combined. The Select and Ultimate tables
constitute a tidy and well-established set of
expected rates (periodically updated by the
SOA) with which to compare both Std and
SStd life insurance policy issues for any type
of coded impairment.

In contrast, the situation with regard to a
standard table of expected mortality for SS
annuitants is very different, because no such
table exists. The 1983 Individual Annuity
Mortality (IAM) Table was developed for an-
nuities not involving an SS, and mortality ex-
perience for annuitants under age 50 was
very limited. Johansen4 has reviewed some of
these problems and found the 1983 IAM table
deficient for current use. Company actuaries
use different tables for expected mortality
when pricing (ie, setting the cost of) an SS
annuity. Some company actuaries use a US
population table, such as the 1990 US Life Ta-
ble, others use the 1983 IAM Table, and still
others use tables of their own devising. The
committee appointed by the SOA to study
the mortality experience of SS annuitants has
used three expected mortality tables: the 1983
IAM Table, the 1990 US Population Table, and
an updated 1996 US Annuity 2000 Table. As
noted above, the SOA committee has pub-
lished in the SOA Transactions its earlier
studies of the SS annuity mortality experience
to 1989 and to 1993, but the 1995 experience
has only been reported to the contributing
companies and has not been published until
this article.

Data processing for the SS mortality expe-
rience studies has been carried out by Mr
Keith Hoffman at the Center for Medico-Ac-
tuarial Statistics (CMAS) of MIB under the
direction of the SOA committee involved,
now the Structured Settlement Experience
Committee of the SOA. In previous studies,
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Table 1. 1995 Structured Settlement Mortality Experience Male Standard Annuitants by Age and Duration

* Basis of expected deaths: 1983a Individual Annuity Mortality Table.
** Duration is based on calendar year of issue and of followup. Average duration of exposure in year of issue is

only 0.5 years. Duration times should be adjusted accordingly (00–02 � 00–1.5, 02–05 � 1.5–4.5, etc).



JOURNAL OF INSURANCE MEDICINE

140

Table 2. 1995 Structured Settlement Mortality Experience Female Standard Annuitants by Age and Duration

* Basis of expected deaths: 1983a Individual Annuity Mortality Table.
** Duration is based on calendar year of issue and of followup. Average duration of exposure in year of issue is

only 0.5 years. Duration times should be adjusted accordingly (00–02 � 00–1.5, 02–05 � 1.5–4.5, etc).
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Table 3. 1995 Structured Settlement Mortality Experience Male Substandard Annuitants by Age and Duration

* Basis of expected deaths: 1983a Individual Annuity Mortality Table.
** Duration is based on calendar year of issue and of followup. Average duration of exposure in year of issue is

only 0.5 years. Duration times should be adjusted accordingly (00–02 � 00–1.5, 02–05 � 1.5–4.5, etc).
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Table 4. 1995 Structured Settlement Mortality Experience Female Substandard Annuitants by Age and Duration

* Basis of expected deaths: 1983a Individual Annuity Mortality Table.
** Duration is based on calendar year of issue and of followup. Average duration of exposure in year of issue is

only 0.5 years. Duration times should be adjusted accordingly (00–02 � 00–1.5, 02–05 � 1.5–4.5, etc).
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Table 5. 1995 Structured Settlement Mortality Experience Male and Female Substandard Annuitants by Age and
Duration Experience for Age Rateups of 1–20 Years

* Basis of expected deaths: 1983a Individual Annuity Mortality Table Rates, with increases based on age rateups of
1–20 years.

** Duration is based on calendar year of issue and of followup. Average duration of exposure in year of issue is
only 0.5 years. Duration times should be adjusted accordingly (00–02 � 00–1.5, 02–05 � 1.5–4.5, etc).
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Table 6. 1995 Structured Settlement Mortality Experience Male and Female Substandard Annuitants by Age and
Duration Experience for Age Rateups of 21 Years and Up

* Basis of expected deaths: 1983a Individual Annuity Mortality Table Rates, with increases based on age rateups of
21 years and up.

** Duration is based on calendar year of issue and of followup. Average duration of exposure in year of issue is
only 0.5 years. Duration times should be adjusted accordingly (00–02 � 00–1.5, 02–05 � 1.5–4.5, etc).
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the results were presented only for observed
and expected deaths (d and d�) and the mor-
tality ratio (MR). However, in the tables here,
we have shown additional results for the ex-
posures (e in person-years) and annual mor-
tality rates per 1000 (observed, q; expected, q�;
and excess, EDR � q � q�). Tables 1 through
4 cover the experience for male and female
Std and SStd cases, all ratings and all im-
pairments combined. In the absence of actu-
arial agreement, we have elected to use the
1983 IAM Table for our standard expected
mortality.

The coding of SS cases by impairment has
begun only recently, and no such data were
available in the 1995 or preceding studies.
However, mortality was analyzed by rating in
the 1995 study for male and female cases
combined. Data for d, d�, and MR were shown
in separate tables for true issue age and for a
grouping of ‘‘age rate-up,’’ quinquennial
from 0–5 to 26–30 years, and decennial from
31–40 to 71 years up. The age rate-up was
generally reported by contributing companies
as the difference between the rated age as-
signed and the issue age, as the measure of
excess mortality. As explained in part 1,1 the
rated age is obtained from an actuarial table,
which shows the rated age (or the corre-
sponding life expectancy) for the sex, the is-
sue age, and the estimated initial MR, which
is assumed to be constant up to age 109 in
the construction of the table. The problem
raised by the assumption of a constant MR
in calculating life expectancy will be de-
scribed later in this article. For display in this
article, we have used the SStd experience,
male and female combined, by the same com-
bination of issue age and duration, with two
sets of expected rates: the 1983 IAM rates ad-
justed upward for the rate-ups corresponding
to 1–20 years (Table 5) and the same rates ad-
justed upward at rate-ups of 21 years or more
(Table 6).

Tables 1 and 2 contain the mortality expe-
rience by age and duration for the male and
female SS annuitants, respectively, issued on
a Std basis. Up to age 60, mortality in the Std
cases was much higher than mortality in the

1983 IAM Table. The highest MR in males
was 468% at issue ages 15–29 years, but in
females the highest MR of 429% was found
in the youngest age group (less than 15
years). For issues at age 60–69, observed mor-
tality was a little above that expected from
the 1983 IAM Table, and for the oldest age
group, 70 and up, the MR was slightly less
than 100%. Mortality trends by duration var-
ied somewhat by age group, and there was
virtually no experience beyond 15 years. For
all ages combined, the highest MR values in
both sexes was at duration 5–10 years. Over-
all MR values, all ages and durations com-
bined, were 148% for males and 132% for fe-
males. The overall excess death rate (EDR) of
1.9 per 1000 in males was higher than the
EDR of 0.9 per 1000 in females. These results
demonstrate the unsuitability of the 1983
IAM Table as a table of expected rates for SS
annuitants when issue was on a Std basis. In
our view, the Std experience is sufficient in
volume, with nearly 610,000 person-years of
exposure and 3056 deaths, to utilize as the
basis for an expected SS annuitant mortality
table that would be far more accurate than
the 1983 IAM Table.

Excess mortality for the SStd experience
was at an overall level of about 12 per 1000
for both male and female SS annuitants (Ta-
bles 3 and 4). The trend of EDR with age was
similar in both sexes: an initial high value of
over 10 per 1000 in children, about half this
in young adults, then an increase with issue
age to a maximum of about 40 per 1000 in
annuitants age 70 and up. There did not ap-
pear to be a definite trend with duration. Be-
cause of the much lower expected mortality
in females, there were pronounced sex differ-
ences in MR, with very high values in chil-
dren (3480% in males and nearly 7000% in
females). The usual trend for MR was for it
to decrease with advancing age. In annuitants
age 70 and up, the MR fell to 224% in men
and to 206% in women. These, of course, are
aggregate results, reflecting the combination
of all levels of excess risk and of rating. SS
annuity applicants are known to include
cases with very high levels of excess mortal-
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ity, far above the limits for declination in ap-
plicants for life insurance. The proportion of
high risks appears to be particularly large in
children. We interpret this to be the reason
for the higher EDR in children as compared
with young adults, age 15–29. As noted in
part 1, there is a high prevalence of head in-
juries and other disabling injuries at all ages,
but this is more significant in children and
young adults. Birth injuries and cerebral pal-
sy are important conditions in infants and
young children. The general level of excess
mortality in these SStd annuitants approxi-
mates the level found in Pension Trust mor-
tality experience for working adults in the
highest risk category of SD (substandard de-
clined, with a limited graded death benefit).5

The SStd mortality experience for SS an-
nuitants has also been analyzed with expect-
ed mortality based on the rated age, ex-
pressed as the age rate-up, or difference be-
tween the rated age and actual issue age. This
method of rating is detailed in part 1.1 In es-
sence, the rated age is based on the use of an
appropriate MR applied as a decimal to the
mortality rate, q�, for the issue age. This rated
expected q� is used to enter the table of ex-
pected rates, and the age at which it is found
is the rated age. The difference between the
rated and issue ages is designated as the age
rate-up. The relation between MR and age
rate-up is complex, because the curve of ex-
pected mortality rates is very flat at the youn-
ger ages; but the rate increases from age 35
to 85 at a nearly constant rate of about 10%
per year, a rate of increase that gradually
slows above age 85. If an EDR of 10 per 1000
prevails in a group of boys age 10, the age
rate-up would have to be 63 � 10, or 53 years
to achieve the necessary increase in q�. How-
ever, the same EDR in a group of men age 60
would involve an age rate-up of only 8 years
(68 � 60). This is the reason for the high prev-
alence of children and young adults in Table
6, the experience for age rate-ups of 21 years
or more, in comparison to the prevalence in
Table 5, which displays the experience for
cases with smaller age rate-ups of 1–20 years.
Exposures at duration 0–2 years number in

the thousands in age groups 40–69 years in
Table 5 but are only in the hundreds in Table
6, where the age rate-up exceeds 20 years. As
we will explain later, use of a constant initial
MR to express excess mortality overestimates
mortality projected into higher attained ages,
but this overestimate is less evident in the
1995 experience than it would be in a more
mature experience, such as that for life insur-
ance policyholders, because the maximum
follow-up duration is about 15 years. An
overestimate of future mortality, of course,
implies an underestimate of life expectancy.

In Table 5, where SStd rates are compared
with adjusted expected rates when age rate-
ups are less than 21 years, MR values exceed
100% in all age groups and all duration
groups. The aggregate MR was 145%, with a
range of 290%–106%. The overall EDR was
3.4 per 1000. Because the age rate-up method
of using a constant MR tends to overestimate
expected deaths as high attained ages, these
results suggest that underwriting has pro-
duced a safe margin with respect to excess
mortality and reduced life expectancy, a du-
ration of at least up to 15 years, when the
1983 IAM Table has been used for expected
mortality.

Excess mortality above the rated expected
level was much less consistent in SStd cases
with age rate-ups of 21 years or more (Table
6). In children younger than 15 years, the
largest age group, the MR, all durations com-
bined, was 190% and the EDR was 9.7 per
1000. However, the trend by duration was
downward, with mortality less than the rated
expected at longer durations, a trend noted
in all age groups. In contrast, the overall MR
was only 76% in young adults age 15–29
years, and 103%, 106%, and 81%, respective-
ly, in age groups 30–39, 40–49, and 50–59
years. Experience was very limited at age 60
years and up. In all of these age groups, ex-
cept the 15–29 group, the MR was initially
elevated at 143% or higher but then fell to
levels below 100%. Initial EDR values were
correspondingly high at duration 0–2 but
dropped below 0 when the MR fell below
100%. Remember, when observed deaths ex-
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ceed rated expected deaths, this represents
conservative underwriting for annuitants, life
expectancy is smaller than anticipated, and
reserves are adequate. On this basis, results
for high-risk cases in Table 6 are conservative
only for the early durations in the age groups
under 60 years. In annuitants age 60 years
and older and at the later durations in youn-
ger cases, MR is less than 100%, excess mor-
tality has apparently been overestimated, life
expectancy underestimated, and mortality-
dependent reserves are inadequate. It is, how-
ever, very difficult to be certain of the inter-
pretation of comparative mortality in Tables
5 and 6, because of the calculation problem
involved in the age rate-up method.

In another approach to assessing how ap-
propriate the assigned ratings were, we esti-
mated the age-specific MR values as averaged
in Tables 5 and 6. This was accomplished by
dividing the rated q� in Tables 5 and 6 (both
sexes combined) by the corresponding age-
specific standard q�, approximately weighted
by sex as given in Tables 1 and 2. The range
of risk ratio (RR) in Table 5 (the table with
smaller age rate-ups) was 1.67–3.10, with lit-
tle or no discernible age trend. In Table 6,
with larger age rate-ups, the RR decreased
from 32 in the youngest age group to 4.4 in
the oldest. The resulting risk ratios (RR �
MR/100) were multiplied by the correspond-
ing observed age-specific Std q values from
Tables 1 and 2, again approximately weighted
by sex to obtain approximate age-specific rat-
ed expected rates based on the Std SS mor-
tality experience. The Std SS experience
shows higher rates than in the 1983 IAM Ta-
ble, particularly below age 60. Tables similar
to Tables 1 through 4 were constructed for the
two rate-up groupings of Tables 5 and 6, both
sexes and all durations combined. The MR
was less than 100% in all age groups in both
tables, except for a single value of 104%. MR
values tended to be lower at the older ages,
as compared with the younger ages. The
overall MR was 62% in the group with rate-
ups of 1–20 years and only 46% in the group
with age rate-ups of 21 years or more. If our
approximation method is valid, the aggregate

rate-up applied was excessive, particularly
for the higher rate-ups. This means, in turn,
that the long-term mortality provided for was
overestimated, life expectancy was underes-
timated, and the mortality portions of the re-
serves would be inadequate if the rating is
considered relative to the observed Std SS
mortality experience. The problem of overes-
timating mortality is compounded by the lim-
itation of duration to only 15 years; the over-
estimate might be even higher at longer du-
rations. The above must be qualified by the
uncertainties regarding the best expected SS
table to use, and the error inherent in the cus-
tomary actuarial table used to convert a con-
stant initial MR value into a life expectancy
or age rate-up (see later discussion). The
medical underwriter of SS applications de-
serves better help in both of these areas.

EXCESS MORTALITY AND THE
CALCULATION OF LIFE EXPECTANCY

Logically the most accurate method of cal-
culating life expectancy for a group at in-
creased mortality risk is to use annual life-
table methodology and results from a de-
tailed mortality follow-up study that is spe-
cific for the medical condition, its severity,
age group, sex, race, and annual duration.
Such studies are made for groups drawn
from various population samples with differ-
ing expected mortality rates (eg, select insur-
ance, group insurance, and US population
rates). It has been shown that the best method
of translating excess mortality results be-
tween groups with differing expected mor-
tality rates is to use the EDR values as the
data of excess mortality and to add these to
the appropriate q� values for the new group,
in this case SS annuitants.6 Accordingly we
present in Table 7 an illustrative calculation
of life expectancy of this sort. Annual EDR
values to a duration of 24 years have been
used from detailed results of the 1976 Cancer
Surveillance, Epidemiology, and End-Results
(SEER) Program (Report No. 5) on cancer-pa-
tient survival.7 These are not from the pub-
lished report but from additional detailed ta-
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Table 7. Life Expectancy of Men Age 55–64 Years with Localized Prostate Cancer, SEER Results 1950–75, With
Excess Death Rates Added to 1989–91 US Population Rates
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bles supplied by Dr Myers, tables providing
annual observed data and derived observed,
expected, and relative survival rates. The ex-
tensive SEER survival results from Report
No. 5 were recomputed to comparative mor-
tality in the cancer tables of the 1990 Medical
Risks monograph.8 Table 514A in that report
(for prostate cancer) provides these data for
men age 55–64 with localized prostate cancer,
but condensed into a smaller number of in-
tervals. The annual EDR values are used in
Table 7 to 15 years, then averages for 15–19
years and 20–24 years.

Table 7 is very different in format from the
preceding tables used to provide comparative
mortality results for the SS annuitant expe-
rience. Its design is derived from the format
of the US Decennial Life Tables, and the ex-
pected mortality rate, q�, is taken from the
1989–91 Decennial US Life Table for the white
male population.9 Instead of duration, at-
tained age is used, starting with age 60, the
central age of the age group of the prostate
cancer patients, and extending to attained age
105 (data for ages 106 to 109, the maximum
age shown in the Decennial Tables, have been
omitted). This design is used in a spreadsheet
program to calculate life expectancy, desig-
nated e in Table 7.10 The arrangement of the
columns and their interrelation as compo-
nents of the life table are discussed in the
methodology article, the fundamental relation
being q� � EDR � q.10 A description of the
life-table arrangement is also given in the
preliminary text of the US Life Tables.9

Table 3 of the methodology article10 (not
shown here) gives the SEER results from
which EDR was obtained in the customary
format of Tables 1–6 in this article. The num-
ber of entrants for the prostate cancer cases
was 2364, with 212 observed and 63.2 ex-
pected deaths in the first year. Expected
deaths were derived from contemporary pop-
ulation rates during the observation period
1950–75. We have substituted the lower mor-
tality rates of the most recent Decennial US
Life Tables in Table 7. The trend in EDR was
one of gradual decrease with duration. The 5-
year average EDR values were 57 per 1000 for

duration 0–5 years, 49 for 5–10 years, 44 for
10–15 years, and 32 for 15–20 years. The EDR
dropped to only 4 per 1000 at duration 20–
24 years. This was based on only 7 deaths in
a total exposure of 63.0 patient-years. How-
ever, as the EDR of longest available duration,
it is not only used at attained ages 80–84 but
is also assumed to remain constant for all fu-
ture attained ages to 109 years. This lack of
EDR data from even the longest follow-up
studies produces an inevitable uncertainty in
the precise calculation of life expectancy.
However, at this age and this high level of
EDR, there were only about 101 survivors at
age 85. The T value at this age was 525.4 per-
son-years, less than 5% of the T value at age
60, 11,207.2 years. The annual L contributions
to the initial T value are therefore as accurate
as can be for the first 95% of the initial T
value or the initial life expectancy. The resid-
ual uncertainty due to lack of long-term data
above attained age 85 years in this group
must be less than 5%. The residual uncertain-
ty must be much higher when the initial age
is a young one, especially in children.

Next, we examined the effect of relying on
a constant initial measure of excess mortality,
either a decimal EDR or an RR (RR � MR/
100). To compare with the 11.2 years in Table
7, we utilized the EDR and RR values found
in the first year and held these constant from
age 60 to 109, in this life-table program. The
initial EDR was 0.058 and the initial RR (not
given in the table) was q/q�, or 0.073/0.015,
or 4.87. In this model of the life table, sub-
sequent mortality rates were calculated as q
� 4.87q�. Use of the higher initial EDR of 0.58
as a constant in the first 20 years of duration
and thereafter produced a decreased life ex-
pectancy of 10.2 years, a reduction of 9% be-
low the 11.2 years calculated above. The EDR
model is shown in Table 8. When the model
was changed to one of a constant RR of 4.87
(Table 9), the life expectancy fell even lower,
to 7.6 years, a reduction of 25% below the life
expectancy for the constant EDR model and
32% below the most accurate value in Table
7, the life table in which all of EDR results to
a duration of 24 years are used. These life-
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Table 8. Life Expectancy of White Men Age 55–64 Years With Localized Prostate Cancer: Constant Excess Death
Rate of 0.058 Added to Annual Rates in the 1989–91 US Population Tables
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Table 9. Life Expectancy of White Men Age 55–64 Years With Localized Prostate Cancer: Constant Risk Ratio of
4.87 Multiplied by Annual Rates in the 1989–91 US Population Rates
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Table 10. Life Expectancies (ex) by Age, Sex, and
Excess Death Rate per 1000, Based on 1989–91 US

Life Tables for the White Population

Age

Excess Death Rates Per 1000

0 1 2 5 10 20 50 100 200

White Males
0

10
20
30
40
50

72.7
63.6
54.0
44.7
35.6
26.7

70.0
61.5
52.4
43.6
34.9
26.3

67.4
59.4
50.9
42.6
34.2
25.9

60.4
53.9
46.8
39.6
32.2
24.7

50.7
46.2
40.6
35.3
29.3
22.9

37.2
34.9
31.9
28.5
24.5
19.8

18.6
18.3
17.7
16.8
15.5
13.5

9.4
9.4
9.3
9.1
8.9
8.3

4.5
4.5
4.5
4.4
4.4
4.3

60
70
80
90

100

18.7
12.1
7.1
3.8
2.2

18.5
12.0
7.1
3.8
2.2

18.3
11.9
7.0
3.8
2.2

17.6
11.6
6.9
3.8
2.2

16.5
11.1
6.7
3.7
2.1

14.9
10.2
6.3
3.6
2.1

11.0
8.1
5.4
3.2
1.9

7.3
5.9
4.2
2.7
1.7

4.0
3.6
2.8
2.0
1.3

White Females
0

10
20
30
40
50

79.4
70.2
60.4
50.6
41.0
31.7

76.3
67.7
58.5
49.3
40.1
31.1

73.2
65.3
56.7
48.0
39.2
30.6

65.1
58.8
51.7
44.4
36.7
29.0

54.1
49.8
44.7
39.1
33.0
26.6

38.9
36.0
34.2
31.0
27.1
22.6

18.9
18.7
18.3
17.6
16.4
14.8

9.4
9.4
9.4
9.3
9.1
8.7

4.5
4.5
4.5
4.5
4.4
4.4

60
70
80
90

100

23.1
15.5
9.1
4.7
2.5

22.8
15.3
9.1
4.7
2.5

22.5
15.1
9.0
4.6
2.5

21.5
14.7
8.8
4.6
2.4

20.1
14.0
8.5
4.5
2.4

17.7
12.7
8.0
4.3
2.3

12.6
9.8
6.6
3.8
2.1

7.9
6.8
5.0
3.1
1.9

4.2
3.9
3.2
2.2
1.4

table computations of e demonstrate the se-
rious underestimate of life expectancy when
the constant RR model is used and a modest
underestimate when the initial EDR is used
if EDR decreases with duration, as it often
does in chronic conditions such as the follow-
up after cancer surgery. We regard this com-
parison as strong evidence for the desirability
of converting MR to EDR in the underwriting
process and using an actuarial table of EDR
to obtain life expectancy (or rated age) by age
and sex, based on the expected mortality ta-
ble.

We continue our description of the esti-
mation of life expectancy with a more general
view of its relation to sex, age, EDR, and the
interrelation of EDR and MR. Table 10 shows
life expectancy computed by the life-table
method for constant values of EDR. The ex-
pected mortality rates are those from the US

Decennial Life Tables for 1989–91 (white pop-
ulation), and the life expectancies in these ta-
bles are shown in the column headed 0. The
columns to the right give life expectancies
computed for a set of EDR values ranging
from 1 to 200 per 1000 per year. In each life
table, the EDR value has been held constant
from age 0 to 109, the maximum age in the
Decennial Tables for which data are given. At
low levels of EDR, life expectancy is mini-
mally reduced, especially at the older ages.
The highest levels of EDR in Table 10 produce
little age variation in the much-reduced life
expectancy until the older ages are reached.
This table can be used to estimate an approx-
imate life expectancy by interpolation for a
given EDR and age, and it can be used in
place of similar tables that show MR in place
of EDR, if the medical director and actuary
agree on the substitution of an EDR table for
the traditional MR table. If some other table
is preferred for the expected rates, the actu-
ary can develop the needed EDR table from
the description of the spreadsheet program
used.10

Table 11 shows for each EDR level the cor-
responding MR at various ages from 10 to
100 years for both males and females. To the
left of the MR values is given the annual mor-
tality rate, q�, in the 1989–91 US Decennial
Life Tables, expressed as deaths per 1000 per
year (the denominator of the MR). In children
age 10, MR values are extremely high, even
at the lowest EDR of 2 per 1000, because q� is
so small at this age. On the other hand, when
q� is high, as it is at the oldest ages, MR is
only 101% at the lowest EDR level in the table,
and even when EDR is 100 per 1000, the MR
is well under 200% at ages 90 and 100. Table
11 emphasizes the limitations of MR as a
measure of excess mortality for both sexes
and over a lifetime age span and should
prove to be a convenient reference table to
accompany Table 10.

CONCLUSION

Johansen4 has been critical of standard an-
nuitant mortality tables, but it seems to us
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Table 11. Mortality Ratios Corresponding to Excess Death Rates per 1000 by Attained Age and Sex, Based on the
1989–91 US Life Tables for the White Population

Age
(y)
x

Sex
(M or F)

Mortality
Rate Per
1000*

q�

Excess Death Rate Per 1000

2
Mortality Ratios (%)

5 10 20 50 100

Younger Ages
10

20

30

M
F
M
F
M
F

0.16
0.14
1.4
0.5
1.8
0.6

1350
1530
245
510
215
420

3200
3700
470

1120
380
905

6400
7200
835

2100
650

1710

12,600
14,400

1530
4200
1190
3300

31,000
36,000

3800
10,300

2900
8200

63,000
72,000

7500
21,000

5800
16,200

Middle Ages
40

50

60

M
F
M
F
M
F

2.7
1.2
5.6
3.2

15.0
8.4

174
265
135
162
113
124

285
515
189
255
133
160

470
925
275
410
167
220

840
1750
455
660
235
320

1940
4200
985

1660
430
695

3800
8400
1870
3200
765

1290
Older Ages

70

80

90

100

M
F
M
F
M
F
M
F

35.1
19.7
82.0
51.0

186.0
140.0
340.0
300.0

106
110
102
104
101
101
101
101

114
125
106
110
103
104
102
102

128
151
112
120
105
107
103
103

157
200
124
140
111
114
106
107

240
355
161
199
127
136
115
117

385
660
220
300
154
171
129
133

* Basis of annual mortality rates per 1000: 1989–91 Decennial US Life Tables for the white population.

that the volume of the 1995 Std experience for
SS annuitants in Tables 1 and 2 is sufficient
to provide a firm basis for development of
standard tables for this special type of an-
nuity. With male and female annuitants com-
bined, the standard experience comprises
over 600,000 person-years of exposure, with
3056 deaths. There is virtually no experience
beyond 15 years, but Tables 1 and 2 provide
a detailed breakdown of the Std experience
by a combination of sex, age, and duration up
to 15 years. These tables are similar in scope
to the life insurance select tables. If the ac-
tuaries desire similar tables for SS annuitants,
the data are already at hand for graduation
and as a basis for valuation tables. The pre-
ponderance of young SS annuitants compen-
sates for the low mortality rates at younger
ages.

The need for accurate Std tables for SS an-
nuitants is increased by the high proportion
of high-risk SStd annuities issued (see Tables
3 through 6). There is also a need for SStd
mortality experience by individual impair-
ment, and the SOA plans to request such data
from the companies contributing to overall SS
mortality.

When SStd mortality in SS annuitants is
compared with expected rates approximated
from the Std mortality, MRs are well under
100%, indicating overly aggressive under-
writing, excessively high ratings, and an un-
derestimate of life expectancy. The magni-
tude of this discrepancy may be larger than
found in our analysis, because the mortality
experience is limited to duration 0–15 years.

Table 7 illustrates the life-table methodolo-
gy for the most accurate possible estimation
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of life expectancy in men age 55–64 years
with localized prostate cancer. Data from
SEER Report No. 5 are used up to a maxi-
mum duration of 24 years; these data provide
95% of the exposure needed for calculation of
a life expectancy of 11.2 years, thus reducing
the uncertainty of assuming mortality rates at
attained ages 85 years and up. When an ini-
tial excess mortality is utilized as a constant
in the life table, we have found that the life
expectancy is modestly underestimated at
10.2 years with a constant EDR but seriously
underestimated at 7.6 years if a constant ini-
tial MR is used. Both EDR and MR from the
initial age 60 years were taken from Table 7
in these life-table calculations. We have em-
phasized the intrinsic danger of underesti-
mating life expectancy by using a constant
MR in the life-table model, because this in-
variably overestimates the projected mortali-
ty at older attained ages in a group at high
excess mortality risk. With high MR values,
impossibly high mortality rates in excess of
1.000 per year are derived at the older ages
and interfere with the sequential life-table
calculations.

We acknowledge with thanks permission to publish
these structured settlement mortality results, permis-
sion given by Mr Michael Healy, chairman of the Struc-
tured Settlement Experience Committee of the Society
of Actuaries. We are also grateful to Mr Keith Hoff-
man, of the Center for Medico-Actuarial Statistics staff

of the MIB, for his preparation of Tables 1 through 6
in this article.
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