
TRANSACTIONS OF SOCIETY OF ACTUARIES 
1995-96 REPORTS 

In the state of California over 80 continuing care retirement communities 
(CCRCs), including 17 life care communities offer retirees residential living 
and services ranging from the provision of housing with guaranteed access 
to skilled nursing, to the all inclusive delivery of health care and personal 
care. Continuing care residents typically pay an entry fee followed by 
monthly payments, which may or may not increase upon changes in the 
health care needs of the resident. In return, the provider promises residential 
and health care services for the life of the resident. 

A continuing care contract is defined in the Continuing Care Contract 
Statutes (State of California Health and Safety Code, Division II, Chapter 
10, Continuing Care Contracts, Section 1771) as “a written contract, which 
includes a promise by a provider to provide one or more elements of care 
to an elderly resident for the duration of his or her life or for a term in 
excess of one year, in exchange for the payment of an entrance fee, or 
payment of periodic charges or both types of payments. A continuing care 
contract may consist of one or a series of agreements and may have other 
writings incorporated by reference. A co’ntinuing care contract includes a 
life care contract as defined in subdivision (w).” A “life care” contract is 
defined as a continuing care contract that includes all levels of care, acute 
care services as well as nursing and residential services, and which contract 
provides that no change is made in the mo:nthly fee based on level of service. 

As further noted in the statutes, Section 1770, “Because elderly residents 
often expend a significant portion of their savings in order to purchase care 
in the retirement community and, thereby, expect to receive care at the 
retirement community for the rest of their lives, tragic consequences can 
result from a continuing care provider becoming insolvent or unable to pro- 
vide responsible care.” To detect financial problems before they emerge and 
to assure the financial viability of each continuing care retirement commu- 
nity in the state of California, the statutes require annual reporting and main- 
tenance of certain reserves. 

Figure 1 illustrates a hypothetical resident’s fee structure compared to a 
life care community’s cost of services on behalf of that resident. The 
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gap between fees and costs afier ihe 5rst year graphically portrays the reason 
reserves are required from CCRC entry fees. 

The statutory method of estimating the reserves is ‘eased on the Iife ex- 
pectancy of each resident. 2: Fkstio2 i792.2 co)(l) of the Code, a “‘Table 
of Mofcality” is prese:2ted ibat is actuaiiy a table of hfe expectancies. These 
life expectancies are develop ed from the experience of residents of CC 
and are intended to reflect life expectancies of people residing in sush com- 
munities. @CRC residents’ ‘iiCe expec:ancies are not necessarily the same as 
those of peopie who do not xside in r~etirement communities. 

Tl2e hfe expectancies currently c3ntained in -the statute were developed in 
i980 by Teknekron, Inc., based on the mortality experience of contErming 
care contracthoiders residing in 47 Caiifornia communities between 1970 
and 1977. The stat&e provides that the Cahfornia Department of Social 
Services (CDSS) adopt reguiations to update this “Table of Mortality” by 
January 1, i996. 

Actuarial Forecasting & Xesearch (AF&R) togetI2er with their prime sub- 
contractors, Sliver & Shostak, were retained by the California Department of 
Social Services, Continuing Care Contracts Branch, under Contract #C3406P, 
to update the iife expectancy tab1 2 contained in the statutes. The Department 
has maintained data on continuing car, + 0 rontractholders from $3 CCRCs since 
1973. Utilizing records for 29,25 1 different residents who lived in the facilities 
at soimc time during the 1980-93 tim e period, AF&R developed the new table 
of life expectancies shown in Table 1. A description of the methodologies 
used, analyses of the data, and explanations of differences between the current 
table and the new table are contained in this report. 
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26.323 
25.526 
24.740 
23.964 
23.199 
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6.956 
6.494 
6.054 
5.613 
5.200 
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22.101 
21.350 
20.609 

5.475 
5.124 
4.806 
4.513 
4.236 

60 
61 

:: 
64. 

22.446 19.880 
21.703 19.163 
20.972 18.457 
20.253 17.764 
19.545 17.083 

90 

;: 
93 
94 

4.838 3.957 
4.501 3.670 
4.175 3.388 
3.862 3.129 
3.579 2.903 

18.849 16.414 
18.165 15.759 
17.493 15.116 
16.832 14.486 
16.182 13.869 

3.329 2.705 
3.109 2.533 
2.914 2.384 
2.741 2.254 
2.584 2.137 

70 15.553 13.268 100 2.433 2.026 
71 14.965 12.676 101 2.289 1.919 
72 14.367 12.073 102 2.152 1.818 
73 13.761 11.445 103 2.022 1.723 
74 13.189 10.830 104 1.899 1.637 

2 
77 
78 
79 

12.607 10.243 105 1.784 1.563 
12.011 9.673 106 1.679 1.510 
11.394 9.139 107 1.588 1.500 
10.779 8.641 108 1.522 1 so0 
10.184 8.159 109 1.500 1.500 

9.620 
9.060 
8.501 
7.952 
7.438 

7.672 
7.188 
6.719 

110 1.500 1.500 

TABLE 1 

LIFE EXPECTANCIES (IN YEARS - 

Based on this study, these new life expectancy tables were enacted by 
statute to update and replace those found in Section 1792.2(b)( 1) of the State 
of California Health and Safety Code, Division II, Chapter 10. 

The reader should be aware that these life expectancies, usable for cal- 
culating statutory reserves for CCRCs in the state of California, may not be 
appropriate for other uses such as pricing CCRC contracts, developing fee 
structures for new communities, or estimating future cash flows for any 
particular community. These estimates are based on aggregate statistics of 
residents across all durations and all types of communities. Different com- 
munities will exhibit different mortality patterns as evidenced by the range 
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The foundation for the updated life expectancies contained in this report 
is the CCRC resident data provided by the communities to the state of 
California as a part of their annual reporting process. This resident infor- 
mation is maintained by the Continuing Care Contracts Branch of the Cal- 
ifornia Department of Social Services on an automated data collection 
system. That database contains the ages, sexes, dates of entry, and dates of 
death or withdrawal needed for the mortality rate development process de- 
scribed in the next section. 

The current resident data reporting process has provided the state of Cal- 
ifornia, the CCRC industry, and regulators with the country’s largest data- 
base for estimating CCRC resident mortality. It fulfills this function with 
the cooperation of over 80 community administrations. This large, critical 
database is maintained by a small dedicated staff at the state level. 

Goals oft ata 
The validity of any mortality table is ‘only as good as the data used to 

construct the table. Therefore, extensive data analysis, reconciliation, vet-in- 
cation, and audit efforts were undertaken with respect to the state database to 
assure the accuracy, completeness, and appropriateness of the data used to 
develop the mortahty rates. The goal was to make use of as many of the 
individual records as possible in the mortality table construction. The research 
team eliminated only those records for which they absolutely could not obtain 
complete data. Every effort was made to fill in missing dates or termination 
codes; to eliminate duplicate records; to insure that only continuing care con- 
tractholder data were included; to exclude non-CCRC residents such as “direct 
admits” to the nursing component of the community; to capture all deaths; 
and to determine for which periods of time at each community complete 
resident records were available. Extensive efforts were made to minimize 
introduction of any biases in the final data set due to the data correction 
process. Another objective was to keep track of all data corrections in order 
to enable the state’s database to be corrected upon conclusion of this project. 

The data preparation began with the state’s database and included screen- 
ing for blank fields, matching potential duplicates and eliminating all but 
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This data verification, correction, and audit process began in July 1994 
and continued into January of 1995. The end result was 29,251 useable 
records covering 138,019 years of exposure to the risk of death and 12,084 
deaths. These records formed the basis for the mortality rates described in 
the next section of this report. Further details of the data preparation that 
took place prior to calculating life expectancies can be found in Appendix 
I, Data Preparation. 

The average age for female CCRC residents in the database increased 
from 83.3 in 1980 to 84.3 by the end of 1992 while the average age of male 
residents decreased slightly from 82.7 to 82.5 over the same period. At the 
same time, the average duration since e:ntry to the community for males 
dropped from 5.6 years to 4.8 years and from 6.9 to 6.7 for females over 
the same period. This drop in duration since entry may be the result of 
recent expansions in facilities or the addition to the state’s database of whole 
new facilities in the latter part of the study period. 

Figures 2 through 5 illustrate the shifts in the distributions of residents in 
the database by age and by duration between 1980 and 1993. In calculating 

FIGURE ;! 
CALIFORNIA CCRC POPULATION FEMIRLES AGE DISTRIBUTION 

6% 1980 Avmage Age = 83.29 
1993 Average Age = a.29 

5% 
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FIGURE 5 
CALIFORNIA CCRC POPULATION MALES DURATION DISTRIBUTION 

1980 Awwgs Duration = 5.57 
1893 /tQWXgO Dumtion p 4.64 

duration, periods of residency have been bridged when a participant either 
transferred between affiliated facilities (within 3 months) or left and reen- 
tered the same facility. 

m. ES kz.J 
In order to create the new table of life expectancies for statutory reserving, 

it is first necessary to calculate rates of mortality based on the CCRC resident 
data. Mortality rates, expressed generally as the probabilities of dying in the 
next year, vary by numerous factors, mos,t significantly: age, sex, and health 
condition. In this study, the researchers developed mortality rates for each 
sex and age. Since health condition data were not available, health was not 
considered. 

Three steps were involved to develop the mortality rates underlying the 
life expectancy tables recommended in this study: 

1. Calculation of initial (raw) mortality rates based on the corrected database 
2. Analyses of the raw mortality rates 
3. Smoothing of he raw mortality rates to eliminate random fluctuations. 
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FIGURE 6 
RAW MORTALITY RATES-MALES 
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FIGURE ‘7 
RAW MORTALITY RATES-FEMALES 
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1. There were not sufficient data to construct a table based on age, sex, and 
duration since entry into the community. 

2. Use of a duration-based table would complicate the reserve calculation 
procedure, requiring more complex software on the state’s part and more 
complicated lookup procedures for facilities to enter reserve factors for 
new entrants. 

Continuing care retirement communities generally provide three levels of 
care: independent living, assisted living (personal care), and skilled nursing 
care. Since residence in the higher levels of care generally indicates poorer 
health, mortality rates tend to be higher at the higher health care levels. In 
fact, proprietary databases including Actuarial Forecasting & Research’s 
(AF&R) CCRC resident database, indicate that health status, as measured 
by level of care, is probably the most significant determinant of CCRC 
resident mortality, and therefore it is important to recognize the distribution 
by health care level when: 

Analyzing statewide data for trends over time 
Using statewide rates to compare communities’ experiences 
Using statewide rates to project specijic community financial results. 

Because the proportion of residents at each health care level varies from 
community to community and within individual communities over time, ac- 
tuaries typically use different mortality tables for each health care level. 

The data which California has collected to date do not include level of 
care or other resident health-related information. Without resident health 
status information, the researchers were not able to determine the proportion 
of residents in the state’s database at various levels nor to analyze the impact 
on the mortality rates of the change in that distribution over time. The Con- 
tinuing Care Contracts Branch has, however, started to collect health care 
level data effective with the 1994 fiscal year. In the future, data will be 
available to study mortality rates by care level. 

Life care contracts guarantee care for life in exchange for a relatively 
large entry fee plus the monthly fees, which fees are guaranteed will not 
increase on account of changes in health care needs. Mortality rates in these 
types of communities may be lower than in other communities for several 
reasqons including (1) people who perceive their health to be better are more 
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of improvement from period to period (Wilken, 198 1; Berin, Stolnitz and 
Tenenbein, 1990; inter alia). Table 4 shows annual rates of mortality im- 
provement for several periods based on two large groups: the Civil Service 
Retirement System (CSRS) and the Medicare System. Although demograph- 
ically different from the CCRC population, their rates of improvement are 
indicators of potential improvements in mortality which might have been 
observed between the prior mortality study and the present study were it not 
for the many CCRC industry-specific shifts in mix taking place at the same 
time (including duration, level of care, and contract type as described above). 

TABLE ,4 

COMPARISON OF ANNUAL bwRoVEhlENT IN MORTALITY 

Period CSRS Medicare 

Males 

+j. 

Fcmalcb 

m-T 
Source: TSA 1991-92 Reports. 

Statistical tests were performed on the raw mortality rates for various time 
periods to determine whether mortality improvement could be detected in 
the California CCRC resident data. Males and females were tested separately 
for differences across all ages from 70 to 100 and for several specific age 
groupings. The results were inconclusive and conflicting. 

Figure 8 uses females age 80 to 89 to illustrate theses conflicting results. 
Shown are average mortality rates for three time periods for females ages 
80 through 84, 85 through 89, and in total (ages X0 through 90.) The results 
are not statistically significant based on the amount of data available. 

The changes in mortality rates exhibited in Figure 8 are the result of many 
factors that apparently outweigh the trends in mortality rates for the popu- 
lation as a whole. These factors include those discussed in previous sections 
of this report such as the changes within the database distribution of resi- 
dents by duration, health status, or contract type. The future progression of 
mortality rates observed among CCRC residents will be dependent on the 
complex interplay of the changes in these other factors over time, and, thus, 
does not lend itself to projection with an acceptable level of certainty. As a 
result, the researchers did not recommend a mortality improvement scale. 
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Table 5 and Figures 9 and 10 show the results of this three-step smoothing 
(or, graduation) process and compare the resulting mortality rates to the raw 
rates of mortality based on the California resident database. 

Based on the final (smoothed) mortaWry rates developed and shown in 

Section III, life expectancies were developed for use in setting statutory 
reserves under California Health and Safety Code Section 1792.2(b)(l). In 
actuarial notation, the formula for life expectancy (assuming a uniform dis- 
tribution of deaths for each year of age) is: 

Life Expectancy at age x = l/2 + C,px 

where the sum starts at pz = 1 and .px is the probability that a person age x 
survives to (x + n). 

Life expectancies based on this formula are shown in Table 4. The re- 
search team recommended that the new life expectancies replace the old life 
expectancies previously contained in Health and Safety Code Section 
1792.2(b)(l) for use in calculating reserve requirements for continuing care 
retirement communities in California. The researchers also recommended 
that the tables in the statute include ages down to age 55 and up to age 110. 
Both recommendations were adopted. 

These life expectancies are based on the experience of the broad range of 
CCRCs in the state of California. They may not be appropriate for other 
uses, such as pricing for individual facilities, estimating unit turnover or 
other projection ;purposes without considering attributes of the particular 
facility that will affect the mix of residents. 

Life expectancies for females ages 109 and over and for males 107 and 
over are 1.5 due to the capping of the mortality rate at .5 at and above these 
ages. Further details on the calculation of these life expectancies can be 
found in Appendix III. 

The research team compared the new life expectancies to life expectancies 
generated from other data sources and to the old life expectancy table found 
in the Code. Outside references included life expectancies experienced by 
the U.S. population as a whole, and life expectancies typical of individual 
insurance annuitants. The reference tables were the 1990 U.S. Life Tables 
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FIGURE 9 
MORTALITY RATES-MALES 

FIGURE 10 
MORTALITY RATES-FEMALES 
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for the Social Security Area, and the Basic Table for the 1983 Individual 
Annuitant Mortality Table published by the Society of Actuaries. 

The first table represents expected mortality rates in 1990 of Medicare 
recipients, including both healthy and disabled recipients. The second table 
represents expected mortality rates in 1983 among individuals holding an- 
nuity policies. 

Ratios of the new California CCRC Fife expectancies to those in these 
other tables are shown in Table 7 for various ages. The new CCRC life 
expectancies fall between those applicable to the general population (U.S. 
Life Table) and those applicable to individual annuity purchasers (1983 IA 
Basic). The new life expectancies are longer than the U.S. Life Table life 
expectancies and shorter than individual annuitant tables. 

TABLE ;’ 

RATIO OF RECOMMENDED LIFEEXPECTANCIES 
TO LIFEEXPECTANCIES FROM OWERMORTALITYTABLES 

87 1.07 0.89 1.09 0.99 
92 1.02 0.85 1.06 0.95 

The updated life expectancies reported in this paper are shorter than those 
previously used in the State Statutes, Section 1792.2 (b)(l). Statistical anal- 
yses show that the data used for this report are almost certainly drawn from 
a population that exhibits different mortality characteristics from those of 
the 1970-77 study. Figures 11 and 12 -illustrate the number of deaths for 
males and females that would have been expected for the population in the 
retirement communities between 1980 and 1993 based on the state mortality 
rates applied to that population, compared to the actual deaths at each age 
that were counted for that same population. A chi-square goodness-of-fit test 
was conducted which indicated better tJaan a 99.9% likelihood that the un- 
derlying mortality rates in these two studies are different. 

The factors that contribute to the new life expectancies being different 
from the old life expectancies can be grouped into two categories: data 
differences and methodological differences. 
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2. Treatment of exposures and deaths prior to the first report date after entry 
3. Different graduation techniques at the high and low ends of the mortality 

curves. 

After adjusting for the methodological differences, the new life expectancies 
remain below those of the prior study. These differences and their relative 
impacts are described in greater detail in Appendix III, notes for comparing 
the 1970-77 study to this study. 

Statutory reserves calculated with these new life expectancies will average 
9.9% less than with the old table but will more accurately reflect the future 
lifetime of today’s average California ERG resident. 

~~~~~~~~~~~ atisras 
The research team recommended adoption of these new life expectancies 

for calculating statutory and refund reserves for California CCRCs. The 
following were also recommended: 

1. Extend the life expectancy table down to age 55 to provide values for 
younger spouses of residents who may enter communities under age 60. 

2. Extend the life expectancy table to 110 as more residents are reaching 
the century mark than in earlier years. Zero life expectancies should not 
be applied at any age. 

The state’s automated data collection process used for CCRC reserve re- 
porting was installed following the 19’70-77 mortality study. The prior re- 
searchers (Telnekron, Inc.) had cleaned and verified data from 1970 through 
1977, established a computer system Eor future tracking and provided the 
state with an up-to-date database through 1977. Information is not available 
to determine how records were maintained in the late 1970s but sometime 
in either 1980 or 1981, a computer program, based on batch processing of 
complete records and written in COBOL, was up and running. 

The resident data are collected by the state in the annual reporting process 
described in detail in the Department of Social Services’ booklet “Annual 
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The 15-year-old computer system could benefit from more recent tech- 
nological advancements to become even more efficient while reducing the 
opportunities for errors to creep into the database. The researchers recom- 
mended consideration of the following enhancements to reduce staff time at 
both the state level and at the communities while better meeting the objec- 
tives of the database: 

Add the ability to capture changes in health care level without overwriting 
the original record. 
Add the ability to retain deleted (“X”) files for later reconciliation. 
Enable the system user to edit a single field without deleting and reen- 
tering an entire record. 
Enhance the system to allow optional electronic transfer of data from the 
state to the community and back to the state. 
Assign unique identification numbers to every resident in the system. 
Add logic to the system to flag problem records immediately on entry by 
testing for reasonableness of dates of entry, birth, or withdrawal. 

The existing state data, after verification and correction, provided the start- 
ing point for calculating CCRC resident mortality. The total number of rec- 
ords from the system sent to Actuarial Forecasting & Research was 41,791; 
the number of different community identification codes was X5. (Two codes 
were duplicates, leaving 83 reporting communities.) These records com- 
prised the Continuing Care Contracts ISranch’s database as updated to July 
18, 1994. 

An alternative data approach for this mortality study would have been for 
the researchers to reconstruct the resident data directly from all 83 com- 
munities. This would have entailed reviewing their annual filings with the 
state since the last mortality study, and keypunching, verifying, and recon- 
ciling all data. If state filings were not available, individual resident files 
would have been reviewed. Given that (copies of the state listings were un- 
available for most communities back more than three to seven years and 
given the quality of the state data (90% of the state data was in fine shape), 
this alternative was ruled out in favor of using the state’s data with correc- 
tions. 

The researchers used Paradox database software for the data transfer, data 
analysis, and counting of exposures and deaths. Programming for the 
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withdrawals, transfers, and end-of-year residents by calendar year for each 
community in the database. These histories revealed certain inconsistencies 
within communities such as years with no reported deaths, years with un- 
usual increases in deaths or new entrants, or overall problematic areas within 
specific community data sets. The researchers found 6,470 possible problems 
involving 5,519 records during this initial testing. 

Problems fell into two categories: possible field errors and cross-reference 
problems (Table I-1). 

TABLE I-l 

DATAPROBLEMS IN FULL DATA SET 

~~ 

Possible field errors included blank fields, missing data, or questionable 
dates of birth, entry or withdrawal. Cross-reference problems included any 
pair of records that might be duplicate necords for the same person or alter- 
natively represent a transfer between facilities. 

The state’s database included resider&s in communities between 1970 and 
the last fiscal year-end report. An analysis of reported deaths revealed that, 
of 1,201 death records that were also missing the date of birth, 924 had 
1978 or 1979 as the date of death. This odd clustering of deaths of people 
for whom no date of birth was available suggested that there might have 
been overreporting of deaths in 1978 anld 1979 coupled with underreporting 
in previous years. Since resident records for the 1970s are no longer avail- 
able, the decision was made to begin the study period no earlier than January 
1, 1980. Therefore the researchers deleted all records with known (certain) 
dates of withdrawal before January 1, 1980, except those that might form a 
transfer match with other records having a withdrawal date on or after Jan- 
uary 1, 1980. Some 30,830 records remained in the post-1980 data set. 

Table I-2 shows the number and types of data problems remaining in the 
post- 1980 data. 
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For the final follow-up with communities, the researchers contacted about 
half of the communities for more information where the recorded data in- 
dicated missing deaths or other systematic reporting/recording errors. For 
example, one community systematically underreported deaths to the state 
since its residents transfer out of the community to an off-campus skilled 
nursing facility or hospital before death. Another community reported deaths 
only upon the death of the second member of a couple (when the residential 
unit was resold and equity transferred). 

Based on the new information provided by the communities, the research 
team made specific corrections to records in the database to the maximum 
extent possible. Even after these efforts, not all of the data from some com- 
munities were usable, and adjustments were made to define the periods for 
which the researchers considered the data valid for use in the mortality rate 
development. In Table I-3, adjusted data reporting periods are indicated for 
15 communities together with the reason for the adjusted period in place of 
the actual reported periods. 

TABLE I-3 

ADJUSTED DATA REPORTING PERIODS 

Home Usable Period 
1 

: 
4 

2 
7 

; 
10 

11 
12 
13 
14 
15 

None 
12/31/89-12/31/92 
6/301876/30193 
12/31/90-12/31/91 
6/30/89-6/30/90 
None 
l/31/86-1/31/94 
None 
None 
12131/79-12131193 

12/31/8&12/31!93 
12/31/84-12/31/93 
12/31/8&12/31193 
12/31/83-12131192 
None 

Rexon 

Too new 
Only valid reports 
Only valid death reports 
Only valid reports 
Unverifiable reports before 1989 
No on-site skilled nursing facility-Underreported deaths 
Earlier data distorted by direct admits 
Unable to contact 
No deaths reported 
Used all, but note understated deaths/no on-site skilled nursing 

facility until 1989 
Deaths recorded for 1984 are understated 
Deaths recorded for 1984 are understated 
Deaths recorded for 1984 are understated 
No death reports prior to 1213 l/83 
Deaths systematically underreported 

With these final adjustments to define periods of usable data from each 
home, the database was ready for developing mortality rates as discussed in 
Section III. 
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if the same resident moved out of the community halfway through the year, 
her exposure to the risk of death while at the facility would be one-half 
year, and her death after that date would not be taken into consideration. 

Special adjustments to the exposure counting procedure were necessary 
due to the manner in which the data in the CCRC database is reported. The 
first adjustment was necessary because information contained in the database 
is updated at the end of each facility’s fiscal year as part of the reserve 
calculation process. Since reserve calculations are only required for individ- 
uals in residence on that date, new residents entering during the fiscal year 
are often reported only if they survive to the first reporting date (end of 
fiscal year) after entry. Including survivors for this period (on average l/2 
year) in the exposure calculation while missing most deaths that occur during 
this initial exposure period would lead to an understatement in mortality 
rates and an overstatement of life expectancies. To alleviate this problem, 
exposures for new residents were counted only from the start of the first 
report date following entry. The resulting life tables are then consistent with 
the application of the rates because reserves are calculated only for those 
who survive to the end of the community’s fiscal year. 

The second adjustment was made sa that the definition of age in the 
measurement of exposures and deaths would be consistent with the age used 
when the mortality rates are later applied in practice. In the mortality table 
construction process, the researchers calculated ages on the same basis that 
communities use when calculating statutory reserves. This reserve calculation 
is based on the resident’s age as of the last birthdate prior to the facility’s 
fiscal year-end. That is, when referrin, 0 lo an age 80 mortality rate one is 
actually referring to a mortality rate applbcable to people age 80 to (but not 
including) age 81 at the beginning of the year. On average, these people are 
age 80.5. The result is mortality rates mat are, on average, based on data 
for residents 112 year older than an exact (or integer) age. This l/2 year age 
adjustment is important when comparing these mortality rates to other tables 
of mortality where the rates may be expressed for people at exact ages (i.e., 
80.000). 

Deaths, exposures, and initial probabilities of death (raw mortality rates) 
are shown by age and sex in Table II-l. These raw rates fluctuate consid- 
erably below age ‘70 and above age 94. At the extreme ages, there are fewer 
exposures (i.e., less data), and the random nature of death can cause a few 
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more or less observed deaths to swing the initial rates widely even though 
the true rate of mortality follows a much smoother curve by age. At the 
middle ages, where there are more exposures, the rates follow smoother 
curves. 

The research team considered several methods to smooth (graduate) the 
raw mortality rates including fitting mathematical mortality formulas such 
as Makeham or Gompertz curves to the data, using functions of existing 
standard mortality tables or using other simoothing techniques based on nu- 
merical analysis and finite differences. Over the age ranges where the data 
are credible and already fairly smooth, the Whittaker-Henderson method was 
chosen as the primary method for graduation. This method allows a balance 
between smoothness of the curves and closeness of fit to the data. Smooth- 
ness is defined in terms of rates of change in the third differences of final 
graduated rates. The degree of fit is defined as the sum of the squares of 
the differences of the original and the smoothed values. The degree of fit at 
each age is weighted by the standard error of the data at that age thereby 
assuring that the resulting curve will more closely fit the raw data a-t the 
ages with the greatest exposure counts while not being forced to pass as 
closely to those data points where experience is more limited. To achieve 
this balance between smoothness and fit, the Whittaker-Henderson method 
smoothes values by minimizing the function: 

where k is the relative importance given to smoothness and w, is the weight 
(standard error) assigned at each age to the difference between the 
smoothed values and the raw data. 

The value chosen for the smoothing parameter (k) was 10,000, producing 
graduated q’s by age that are fairly smooth across all ages while preserving 
closeness of fit to the observed rates at most ages (except those with unu- 
sually low or high observed rates of mortality relative to the values at ages 
to either side of them.) 

The researchers applied the Whittaker-Henderson method directly to ages 
where the raw data were credible and already fairly smooth. For males, this 
was between the ages of 75 and 95. For females, this was from ages 70 to 
95. Below age 70 for females, below age 75 for males, and above age 95 
for both males a.nd females, other techniques were required to produce 
smooth curves as described below. 
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Cue to the sparcity of data at the low end of the age range, the raw rates 
of mortality were smoothed b- s/ fitting Gompertz curves to the data up to age 
74 for females and 79 for males. The raw mortalily rates at the low ages 
indicated some flattening out as ages declined which could best be replicated 
using the Go-mpertz curve. This apparent (iialtening at the younger ages is 
at a higher levei than found in most annuiiar,t mortality tables. One possible 
explanation is that people entering retirement communities below age 7O- 
75 do so for some health related reason. Their vital capacity may more 
closely match the normal vital capacit!; of older entrants who are normally 
betweeri ages 75 an6 80. The best fit hr :males was found using the Gom- 
pertz exponential equation: i’cr the “orce or-mortality p at age n, 

;px = be with h = .00013287 and r = 1.081318. 

Figure II-1 shows how the 12-1~ data heve been smoothed and extrapolated 
from age 70 dowfi to age 4.9 I&X males. 

Two separate f5rces appear to be at work on female mortality at the 
younger ages (Figure 11-Z). 3ne fcme is the normal mofiality process as- 
sociated with aging. The other Flora A-b creates a clear and statistically signif- 
icant difference between motiali-iy for people recently moving into retirement 
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FIGURE H-2 
Low AGE CURVE FITTING-FEMALES 

o.?ixcl _I 

communities and those of the same age who have resided at the community 
longer. Single Gompertz curves did not fit the aggregate female mortality data 
well at the young ages where the effects of age and duration both influence 
the progression of rates. To reflect these two forces together, the research 
team fit one Gompertz curve to the data for residents with less than four years 
in communities between the ages of 65 and 74 and another to residents with 
four or more years in the community between the ages 65 and 79. The Gom- 
pertz constants for the former were b = 0.001502 and c = 1.074298 and for 
the latter, b = 0.00003989 and c = 1.062403. The two Gompertz curves were 
blended together by weighting the calculated mortality rates of each between 
the ages of 55 an.d 70 by a linear regression on the relative exposures for 
each of the two duration subsets by age. Figure II-3 shows the relative per- 
centage of total exposures in each duration group by age. 

The result of this dual Gompertz curve fitting is indicated in Figure II-2 
showing the extended low age values for females together with the raw data. 

Recent research on America’s oldest old indicates that mortality rates tend 
to slow from their exponential rate of increase (Bayo and Faber, 1985; Kes- 
tenbaum, 1992). There is evidence that those who are genetically strong 
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FIGURE 11-4 

TEST OF FIT MALE ACTUAL AND EXPECTED DEATHS 
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FIGURE II-5 
TEST OF FITFEMALE ACTCAL ,\ND EXPECTBDDEATHS 
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toward the mortality basis applicable to nonlife care communities. Higher 
mortality rates and shorter life expectancies in nonlife care retirement com- 
munities may be attributed to different health requirements expected of ap- 
plicants upon entry. Different fee structures and refund options on entry fees 
further cloud the issue. Further analysis of the state’s mortality data by 
community fee structure and refund offerings might shed further light on 
these differences. 

3. D e~~~e~~~ as ~~~~~~~~~e§ 

4F 

If the mix of residents in the database were shifting from healthier resi- 
dents to less healthy residents, then mortality rates would likely trend toward 
higher rates in the aggregate. An increase in the average duration ofresidents 
in communities would normally be accampanied by an increase in the pro- 
portion of residents in higher levels of care. However, the average resident’s 
duration since entry to communities as recorded in the state’s data actually 
declined between 1980 and 1992. One cannot tell from the data whether or 
not the proportion of residents in health care has increased as level of care 
data were not collected at the state level until 1994. If the ratio between 
independent living residents and health care residents is changing over time, 
the effect of different mortality rates for each level of care makes it difficult 
to discern underlying trends in overall mortality. With the capture of health 
care level data beginning in 1994, future analysts will be able to separate 
the effects of changing proportions of residents in each level of care from 
other factors influencing changes in mortality rates. 

Even with the volume of data available to the research team, the effects 
of the random nature of death can still be seen in the graphs of the raw 
mortality rates. This is particularly noticeable at the end points (i.e., the high 
ages and the low ages) where the number of people residing in retirement 
communities is too small to produce credible results by themselves. 
this study involved more data than the prior research, actual CGRC mortality 
data were usable further into the high ages before fitting different curves to 
extend the rates even further. The result is higher rates of mortality that 
more closely fit the obsewed mortality experience. 
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Including only the reported deaths and ail reported exposures between entry 
and the first report date would increase life expectancies by about one-tenth 
to two-tenths of a year. 

3. at&m ~~~~~~~~~S 

The state’s old table of life expectancies ,and the new life expectancies 
were both based on mortality rates that were graduated by the Whittaker- 
Henderson methodology across the ages 75-90. Because the database now 
contains a larger volume of data, these new rates were graduated using 
Whittaker-Henderson methodologies over a longer age span: from age 70 to 
age 95. However, at the higher and lower ages, insufficient data exist to be 
credible, and therefore actuarial curve fitting techniques were used to extend 
the rates to these ages. For the younger aged end of the table, the 1970-77 
study methodology merged the observed CCRC rates into an existing an- 
nuity table. Extensive analysis of the more recent data shows that, as entry 
age drops below age 70, mortality rates for CCRC residents level off well 
above annuitant mortality rates. Using zannuitant mortality rates at young 
ages significantly overstates CCRC resident life expectancies. Unusually 
young entrants (ages 60-70) to CCRCs may choose to enter for some greater 
lack of vital capacity compared to their same age counterparts in the general 
population or relative to residents who enter at the more common ages of 
75 to 80. 

At the upper ages, the new life expectancies are substantially shorter than 
the old rates, reflecting the net result of two factors: 

1. The use of the actual CCRC experience to a higher age offset slightly 
by> 

2. The use of the U.S. Life Tables methodology instead of fitting a Gom- 
pertz curve to the high age experien.ce. Gompertz curves generally fail 
to produce a good fit at ages above 85 (Bayo and Faber 1985; Manton, 
Stallard, Woodbury, and Dowd 1994). 
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