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OREECASTS OF TRENDS IN POPULATION GROWTH ARE
most ofren made by making assumptions as to how each of che
companents of population change— leruility, mortalicy, and mi-
gration—might change in the future. Demographers who have been
making such forecasrs throughout this century have met with varying
degrees of success. For insrance, forecasts made by Whelpton (19283
produced estimures of the 1940 population that were within 5 percent
of the official decennial census count of the population for that vear.
Yet, populaion forecases made by the same demographer for subsequent
years severely underestimared popularion size because of his inahility
ar the time to anticipate unforescen changes in rhe components of
population change, particularly postwar fertiliry. Since then, the U5,
Census Bureau and che Offwe of the Actuary ar the Social Securiry
Administration have been responsible fur making the official forecases
of the components of population change for the Unired Seares.
Given rhe fact that errors in estimates of ferdlicy have acconnred
for the majority of the error in past populadon furecasts, mose of the
attention regarding forecasting assumptions has thus been conceneraced
oo moedeling changes in fereility (Crimmins 1984: Siegel 19799, Recently,
some etlort has been made ar estimating the contribution of migration
to population growrh (Bouvier 1981), Forecasts of mortality, however,
have often been made under rthe assumption that mortalicy would
decline for a shore cime in younger and muddle-aged groups, but chat
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mattalicy declines for older-aped proups would be minimal, Tlos was
hased an rhe premise thar observed-period life expectancy at birth,
which was near 70 years by the carly 12605, was thought o be close
rov the upper bound of the human Hfespan (Nutional Center lor Health
Seacistics  196G4). As e turned out: the assumprion that 7O years
reprosented the upper bound o the lilespan ol the papulation wes
abwut us inappropriste lor lorecasting maorcality from the decade of
the 19605, as were forecasts of a continuation of low fercilivy rares
lor the postwar era based oo fercility trends observed during the 159 350s.
Unanticipated events oocurred chat produced exeremely rapid declines
in mortalicy races, much like the conditions of the posrwar era where
unanticipated increases in fertility rates made previous focecasrs of
fertility appear exceemely low, In both cazes it was nor possible for
aayane at the tume to foreses the evenrs thar led ro rapid changes in
postwar ferrility raees and pose- 1968 morralicy rares. Moere recencly,
actuaries ar the Social Security Adminisrrarion have revised their as-
sumptions shour prospective morrality chanpge oo inchude a mange ol
assumprions rhat was mare consisrent wirth recencly observed  rapid
matralicy declines for older-aged proups. This new set of moctality-
frrccasring assumprions represented o considerably more epimnsic
view abour furure levels of morralicy by comparison t previous forecases,
one in which there was belicved o be che potential foe signilcanly
preater mortulity declines than had ever been previously thoughe
pussible, This optimism has subseguencly been tempered by o concern
over the potential adverse elleces of such morialivy declines on patterns
ol morbidity for the eldetly populaton (Myers and Manton  1984;
Schneiler anel Brody 1983, Germodopice Peripecta TIHT)

Wy is it the within che pasc 13 vears demographers and acruaries
have been paving much grearer attention to their assumptions abaoot
prospective mortality change, and why 5 10 that they have suddenly
dicected considerable national attention o the demagraphy of aging
and the mortality patterns of the old and very old (House Sclecr
Committee on Aging 1977 Neugarren and Havighurse [9773 There
are several answers to this question Firsr, it has been known for seme
tirne that the postwar balby hoom cohares would begin oo swell the
uppet end of the age structure by rhe second decade of the nex
cenriey as they progreess chirongh the ape peramid (Stegel 19790, Wi
wis not apparent jusr 13 years agn, orarc least didn't appoar ss pressing
as orher popularion-relared fssucs, was the momentumn lor pepulaton



484 8. Jay Obihaniby

aging that was buit tniw the age structure, and the potential for the
uceelerarion of this process caused by unanricipared declines in deatl;
rutes from degenerative diseases lor cohorts surviving ro mare advanced
CEE

In uddirion, recent articles by boch physicians and demagraphers
have dircored che artention of policy makers o the enormous social
and ecomwnic implicarions of a rapidly aging socicty, and rhe un-
certainties about healrh and maorbidicy e may BLLOMAnY recent
changes in vld-age muorraliey {Brody, Brock, and Williams 1987 Fries
Lasl; Manton 1982 Manton 1986s; Rosenwatke 1983: Guralnik,
Yaragishita, and Schocider 1988 Schoeider and Brody 1953, Milbané
Mewzorzeed Prowed Quarierly 198%). Included among these concerns is the
possibility that u reduccion in rhe risk of death from some of che
majar degeneative diseases, such as hearr disease and siroke, could
expise the survivors o an increase in rhe number of vears spent in
a srare of fraul health  chereby increasing harh the duration of individual
frailty and aggregate morbidity for the populacon (Schueider and
Guralnik [988; Manton 19861). Precipitaring these concerns was an
article published by Fries (1980) in which an extremely optimistic
view of the relation between mortalicy and morbidicy was presented,
e in which it was assumed that declining maorralicy would nacurally
leud to a comptession of morbidity ineo fewer years of the Life span
and a decline in the frailty (hat sccompanics old ape.

Finally, recenr moreality cransitions in the Uniced srarcs have remained
largely unexplained, and they have not been expericnced evenly across
age, e, and pender provps. There are numerous unanswered UEETIGNS
here, including the quesrians of why mortalicy rates arc declining rhe
tastest o1 thuse who already have the lowest levels of risrraliry—
white {emules (Manton 1982 whar cole the upper bound o rche
human life spun may play in influencing the pace and extent of furure
mortality declines; und whar rhe relacve contributions of modern
medical technology and improved lifestyles have made w declining
marraliey rates, and what cheir conreibutions might be in the [uture
(IL5. Office of Technology Assessment 1YH3). While all of chese
issues will nfluence heavily rhe pace and extene of future moreality
declines, we ate still faced roday with the difficult cask of providing
reasanable forecasts of morraliry so thar public healch officials and
policy makers can better prepare for che rapidly aging American
popnlarion,
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Today, mortality conditions in the United States ace such chae 73
percent of all dearhs acour as a resule of chronic degenerative diseases,
with 69 percent of all dearhs concentrated ameng the population aged
&3 and over. (In chis arricle the werm i dbgemerative dincaser refers
ry che summarion of deachs aceeibutable w o all circulacory diseases
(300—448), malignunt neoplisms (140 209, and diabetes mellitus
(250} based on cause-ol-death codes from che Yth revision of the
Lternaiional Clasiifications of Dirceser, Adapeed.} Since those who will
be aged 65 and over between 19835 and the year 2050 have already
been born, estimates of the size and relatrve health status of furure
eldetly cohorts are dependent lacgely on forecases of the survival rares
of the present population, and the pacrerns of marbidity and disabilicy
they will expenience, This helps o simplify the rask of forecasting
the size and health starus of furure elderly cohorrs as assumptions
about fertility, which have heen the major source of crror in previous
forecasts of overall population growrh, need nor be made. Inothis
article we compare and conerase the merhods used to forecast muorcalicy,
present thewr undetlying assumprions, examine how these methods
have been used in the pase, and discuss the implications o mortalicy
forecasts o palicy issues associared with prospective trends inomorbidity,
disahility, and aping.

Forecasting Models

While demugraphers huve been forecasting mortalicy officially for more
thun 30 vears, the methods and assumpeions used to make such
foeetasts bave varied considerably, In ocder to compare the relarive
advantages and disadvancages of these mechods and clarify the differences
between (hetn, they will be categorized into owo basic tvpes of forecaseing
methods — conventional models which have been used evrensively in
official forecasts such as extrapolation and sargering models, and cause-
delay models (o be discussed shorelyy which are relatively new and
have vet to be used to make official forecases of maortalicy,

Convertiona! Models

Futrapedacion,  The maose widely used muothed of forecasing moealicy
by demaographers cheoughour rhis conoury has been wo exiapolate into
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the furuee past trends o morcality, usually by age, sex, and underlving
s of dearh, With extrapolstion models 2 given period ol time
during which marrality 15 observed to have changed 15 used as a frame
of reference for estimating how moreality will change in che luture,
This is usually done by abserving changes in moreality rates over a
selected time frame and then excrapolating these mortality races, o
some other measure used to gauge changes in mormalicy, forwacd in
time, Examnples of commaonly used messures include dearh rares by
age, sex, and cause, percentage change in seleced rares, the slope of
the change in mortaliry rares, and ochers. The underlying premise s
rhat the factors thar caused rhe recencly observed changes in marcality
are likely Lo remuin operarional and bring forth comparable rhanges
in marcalicy in che furore,

One of che earliest formal uses of the exerapolation model was hy
Whelpton (1928), in which forecasrs of death races and overl] popularion
growrh in the United Stutes were made hased on rrends in murralire
from all causes observed from 1900—1904 and 19201924, This
approach was combined with a rargering model (which was more
heavily relied upen) in which morralicy schedules [rom New Zealand
were used as rargets toward which the United Sraces would shoarly
upprogeh. Extrapolation models were apain used by Whelpion and
his colleapgnes in subsequent [orecasts (Narional Resources Committee
1938; Thompson and Whelpion 1943, Whelpron 1936: Whelplon,
Eldridlyge, and Siegel 1947), and these mechods and assumptions were,
in turn, udopred by the Office of the Actuary in their inirial forecasts
of mortality (Myers 1937, 1948). The extrapolation mechaod has been
used 1o one lorm or anorher, or in combination with orher methods,
in almost all subscquent efforts by actuaries at the Social Security
Admunistration and orhers to forecast mortality for the Unired Sraces
{Bayo, Shiman, and Sobos 1974; Bayo and McKay 1974; Faber and
Wilkin 1981; Greville 1957; Myers and Rasor 1952; Rice e al, |98 3;
Wade 1984, 1985, 1986, 1987, Wilkin 1980a, 1980b).

While extrapulation models are particulacly appealing for forccascing
maortality because of their simphoity and logic, there are nwmnerous
problems that arise when using such methods. To begin with, unlike
the extrapolacion uf the downward and vpward crends o other types
of variables, vital rutes are subjece to upper and lower bounds that
are influenced by biological consrraints, This means thac, in (he case
of mareality, there are biologically derermined upper limits o Life
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thar will evenmually end the downward trend i morraliry rates thae
has oceurred chroughout most of chus century in rthe Unived States
and, in particular, the latest wave of mortaliry declines since 1908,
Without kuowledge as to the exact age of this hological limic
lile, it is not possible to determine wherher any given trend 1o
mortality, ohserved over a relatively shoer rime peried| indicutes either
that this limit has been approached, or rhar esrimares of the biclogical
Limit o life have been incoreecr.

For example, forecasts of morralicy made by actuanies al the Social
Security Admimstration in the early 19705 underestimated subsequent
changes tn martality heranse rhoy were based on the observation chae
there was o slowdown in morcality declines observed in che 19308
and early 19605, rhus indicaring that perliaps the biologieal Lmir to
life had already been closely approached (Bayo and Mckay 1974; Bavo
and Wilkin 19773 These forecasts and others made by che Office of
rhe Acriary during chis century, and the mechods and underlying
agsumprions of cach study, are recorded in table 1. These dara indicare
rhar some form of the excrapolation method has been used in every
acruarial forecast since 1952 (see column G In the 1932 srudy the
actuarics made their focecasts [rom overall moreality rares by age and
sex without consileriug underlying cause. Since chen marnaliny forccasts
hove been made at the disease specific level for 10 separane disease
cutegories Uit encompassed virtually all causes of dearh. I is interesting
to note that until the 1974 study was published, ic was implied
the mortalicy schedules forecast for the year 2000 represented the
lower Fimits of mortalicy declines (e, ulrimare morcality rates that
were subject to na further improvemenc), and thae morcelity rates
would remain constant pase rhar vear, With the latest vwo actuarial
forceases chere is no longer any reforence oo "ultiomate morcality races”
or lower limirs to marraliny declines, Instead, what has been referred
to as “ulrimare rares of moroality decline” were postulated. These
nlrimare rares of morralicy decline represented the range of possible
morralicy change thar was thought possible over the projection rime
frame while apparently keaving open the possibility chac further morraliry
declines would be possible Galthough chis was aot stated explicicly).
They were arrived ar by considening how “such factors as the development
and application of new disgoostic, surgical, and life-snsraining rech-
nigues, the presence of enviconmental pollutants, improvements in
exercise and nuccition, the incidence of violence, .o coe” might
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whuence furure trends in mortality, Just how rhese “factors” were
eviduated and rthen rranslaced in asswmprivns abour how martality
for each age/sex/ disease carepory would Clhenge has ocver been discussed,
although the aurhor's personal communication with Alice Wade from
the Office of the Aceuary revealed that there hus never been a systematic
method of arciving ar rhese ulrimate rates of mortalivy decline. Tnsread,
rhey were arrived at by using rhe personal judgment of those responsible
for the forecascs,

Az an ddlustration of how forecases of moreality have been made by
rhe Office of the Actuary, consider the methods and assurnptions uscd
in rheir latest official lorecust (Wade 1987, 100, 1n this case, HAUE AT
annual reductions in central dearh rares were presenced by age (in 5-
YUAr ape proaps up ooages 90 o D40, sex, and ten separate disease
caregerics from 1968 o 1983, Although nor srared explicitly, it
appears rhar rhese dara were used in several of rhe actuarial scudies
us the rarionale for the selecion of the ulrimare rates of morcality
decline. Morrality schedules for 1984 were then estimated from pro-
vislonal dara provided by che MNatonal Cenrer for Health Statistics,
anel 1989 morrality schedules were based on estimares of martality
change {from 1984} provided by Mouthly Viral Srarisrics Reports
(wolurne 34). Morraliry races 1n 1980 were arrived ar by exrrapolating
to that year the average annual reductions cbhserved from 1968 o
1983, and the range of forecasts for 1987 was obeained by raking 30
percent, 100 pereene, and 130 percent of the average annual reducrians
observed [rom 1968 ro 1983 From 1987 o 2010 a logarithmic
farmula was used gradually o rransform the annual reductions used
rio abrain the 1987 muortality levels inro “postulated uliimate annual
rechicrions” by age, sex, and for cach of 10 separace disease CHLELOTILE.
Fram 2011 o 2080 « single averall “ulrimare annual reduction” in
martality was assumed w apply cqually ro all age groups, by sex and
canse of death. These "ultimate annual reducrions,” which are the
basis for rhese forecasts, were arrived ar by, ro bortow a phrase from
Preston (1904, 728), “projection by reference to rthe informed guesses
ol others.”

While the Office of the Actuary’s forccases of life expecrancy at
birth and ar age 65 by sex are recorded in columns | ro 4 of rable
L, @ berrer illusrrarion of these lorecasts is presented in figures | to
4 where rhey are presented in relation o observed rrends in life
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expeerancy ar these ages. In fgures | and 2, a sample of Office of
the Actoary farecasts of Life expectancy at birth (bused on middle or
averige assumprions) for men and women in the United Stares, re-
spretively, for each calendar year to the venr 2000 are comparcd.
These fygrures indicare rhar, ot least for the three most recent studics
listeel, fureeasts of life expecrancy were dependent on the extmpelation
of trencls in murcality char were abserved in che vears just prior (o
the publication of cach study (see calumn & in cable 1 for additional
decails). I the carlier actuarial stadies it is apparenc that the forecasts
of hfe expecncy did nor follow exacrly from the mortalicy trends
that were abserved in the years used as rhe frame of reference, and
it was simply not anticipated thar life expecrancy would continue o
increase ot such a vapid puce, OF particular inrerose here is the substantial
difference 1o assumptions between the 1974 and 1977 srudies, boch
of which relied heavily on the observatiun thar maorralicy rares had
levelled off in the late 1950s wid early 19605, and subsequent forecasts
in rhe 19808 which were considerably more oprimistic. These differences
are arrriburable mostly to the face thae the larer forcrases were hased
an marcalivy trends observed atter 1968 when moerralicy rares began
their rapid declines while the earlier lorecasts relivd, in part, on pre-
1968 dara during which moceality declines experienced a remporary
slagnution.

In fgures 3 and 4, 2 sample of Office of the Actuary furecases of
life exprctuncy ar age 63 (based on middle or average assumptions)
for men and wemen in the Unired States with observed changes from
1940 1o 1986 are compared. The data in figure 3 endicate that (oo
males there was w levelling off of gains in hfe expectancy during the
19505 aned 19605, but rapid increases again accurred from about 1968,
The 1952 aml 1974 studics represenred the most pessimustic forecasts
of life expectancy lor males in advanced ages, while the 1957 forecasc
was quite optimistic considering previous rrends. The mose recent
sriudies were patterned closely after che changes in life expectancy
shserved from the late 1960s 1o the prosene,

The forecasts of life expectuncy for females illaserared in figuee 4
are oven more wngeresting, [t would appear from chis fipure char, in
spire of rapid and near monetonic gains in life cxpeerancy observed
ar age 63 from 19490 o 1986, the actuarics muking cach forecase
simply conld not believe that these gains would continue ar thar pace
beyond rhe projecrion year. As a result, the gains in life expectancy
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rhar were forccasted to oceur by the vear 2000 were aceanlly achneved
wirhin jusr & few yeurs following che publication of e lorecasts,
Lecanse the trend toward declining morcality i sdvanced ages continued.,
In contrast, the forecasts made during 1the 19805 Dave been quite
aptimistic, with each study extending the trend that had scourred
just prive 1o the lorecasts. In cthe latest oificial (orecast by the (Mhce
ol the Actunry (W ade 1987), v sommewhar less aptimiscic view of gains
in life expeccancy lor older age sroups 5 presented for boch men and
waomen, by comparison to offcial forecasts made just three years eacher
{Wade 1984 This less opromistic forecast was based on more recent
moreality dara for che United Stares i which ¢ appeaced that rhe
martality declines observed for older age groups bad decelerared

Another problem with the extrapolation of marrality is rhe ques-
rionable reliakility of rhe rares thar are being exrrapolared. The un-
:]:"riying—r‘nusf—.}ff—:jearh sratistic, for instance, is rhoughre o reprosenr
a less meaningful atd pethaps less accorare deseriprion of rhe clinical
conditions that precede dearh because of the frequenr cocxisrencs of
several life-threacening condirions in people who survive o mon:
advariced ages, Additianally, rhe size of the popalacion in mere advanced
ages is knawn ra be overcsrimared beeause of age misstatement and
becanse of inappeonpriane assumpricons regarding che allocaton of people
of unknown apes (Spencer 19860, rhus implying thar moertulicy rutes
in elder ages may be higher than currene figores indicare, Wheo boch
thie numerators and the denominacors of che maees chat aee wsed e e
busts for cxrrapolating. morealice sre in question, chen certandy lorecasts
based oo these races should be made with grew caution, especially
in the case of forecasts for the population in more advanced ages. 1L
should also be poted 1lat these concerns abour daca qualicy ace not
unique o extrapelation models, as other forecasting methods cequure
the same data on cause-specilic mortality for che population in advanced
ages in order to forecast maortality for these age groups.

1o shore, while extrapolation models are the mose fregquently nsed
method of forecasting both overall and cause-specific marrality rares,
they have not been very reliable modhe pase. 'The accuracy of exrrapolarion
will depend on the assumption that the factors thar cansed recenrly
absetved trends 1n moreality will continwe. Given rhe uncerrainry
regarding (1) the exact cause of recent moreality rransirions, (2) the
hererofore unknown influence of the biological limir o life, (3) rhe
likelihnad thar advances in medical rechnology will concribuee sig-
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ntficantly to mortality declines 10 advanced ages in rhe furore, (4]
rhe presence of tnceeasingly more dwngerous environmenral risk facrors
rhar are unfavarable toward longevity, and (3) the questionable reliabiliey
af horh rhe numerators and denominators of the mortalicy rarcs which
are the basis for extrapolscion models, there is reason w be concerned
abour the exclusive use of extrapolation models lor lorecasting mircalicy.

Targeting.  The secand most commonly used method of forecasting
mertalicy @5 oo use moetality tates or schedules that are observed for
another popularion subproup as a ferger toward which the population
lor which the forecasrs are being made will approach with time, (The
term Mtarger” @5 used heee to represent o mortality schedule that i
believed o be realistically achievable for one population subgroup
within o given time frame becanse iv s already obseoved for another
subgroup of (he pupulation. This should nor be confused with an
alternative imterpretution of rhe rerm rarger in which a morcality
schedule is viewed us u desirable goal and policy changes are set forth
to achieve thac goul.) Wich rargering miwdels one uses as the target
observed penod moctalicy races, or some measire of change in maoreality
trom o selected subgroup of the popularion. Various sratistical mechods
are used to forecast the reduction in the moralicy races observed
herween the base populativn and the targer popularion, including
simple percentage reductions sud more complex corve-firring procedures.

The use of the term targer as a separare kind of forecasoing
methodology s distinguished in chis analysis as a merhad thar is
qualitatively and quantiatively different from exrrapolarion merhads,
although 1t 18 easy to conluse the ewe, The reason for che confusion
iy thar in the pase demographers have used the twrm fargetr o refer
to mortality schedules thar were expected (o otour at some selecrood
time in the furure, Although o was not always clear bow the targer
mortalivy schedules were arnved at o cthe actvaral soudics, ©os
apparent thar somerimes they were dorisad Trom abservations of past
trends in overall or canse-specific mortality, at ocher times the opinions
of experts woere solicired (which were either based on observacions of
past wends in morealiy ar moreality schedules from other subgroups
ol the population), and ar still arher cimes abserved martalicy schedules
frorn subgroups of the popolarion with more favorable mortality schedules
were used ay tarpers. More recently the phrease “ultumate rates of
mortalicy decline” has been adopred by rhe Office of the Actuary to
define the tawgets to be approached (Wade 1984, 1987), The diffcule
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rask was then to determine the rate at which the base mortalicy
schedules would approach the rargets.

In this arcicle extrapolation models refer o forecascing methods in
which a hypatherical morcality schedule of the futuee 15 machemarically
derived either fram trends in overall ar cause-specific moerality rares
phaerved in rhe pase, or expere opinion (rthar i3 based on abservarions
of past marrality) as ro how morralicy rares may change. Tarpgering
mudels refer ro rhe use of eicher period morralicy rares observed for
oo popalarion subgroup char are viewed as rarger moreality scheduales
teward which a differenr popularion subgroup of the same peried may
b expected o approuch ae some time in the future, or to expert
opiniun that 15 based on obscrvations of period morwlity rates from
other subgroups of che population. The factor thae distinguishes the
extrapilution moedel from che rargecing model s the method used 1o
acrive al the targee or wloimace mortalicy schedules.

As an lustracion of a turger, note in bgure 3 how e moeealicy
schedules lrom all circulatory diseases observed lor white women in
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used data from other countries to gange the prospeces for furerher
declines, and in the latter publication age-specife deach rates of whites
were used as rargets for rhe black and forcign-borm segments of che
population, [n larer forecases, Thompson and Whelpoon (194950 again
nsed motralicy schedules from orher couneries char were Boewer thun
rhar of the: TTnired Srares as the racionale for an epeirdsim thae addiciooal
morcalicy reduceions were possible, bur furccases of the white population
were based largely onoa form of exceapolation in which opisions about
trends in Cause-specihc morcality rates were [ormulated {although a
targeting approach was used o orecast moralivy raves for blacks and
the fureign-born population where meorwality rates observed for whires
were used as targets). Finally, Siegel {1970 used a targering approach
o estimale lile expeclancy for the United Soaces. This was done by
using the most favorable moralicy schedule ac che state level in rhe
United Staces—in chis case Hawall—as the target for the eesr of rhe
COunCey.

The underlying premise behind cargening models 13 rhar popalarion
sabgroups differ in their nsk of death hecanse of varying lifelnng
exposuee o cxogenous harards, and with time rhe popualarion wirh
higher mareality is expected ro experience a drift in irs morcality
schedule roward a schedule currently ahserved for the rarger popularion
whete moreality rates are lower. Targering models chus recognize the
fact thar subgronps of the popularion are hererogencous with respect
rov siervival chances, and rhar non-hiological forces thue are choughe
e conrribure o hererogeneity are hvpothesized o be lessened wich
rime. Using popularion hererogencicy as the theoretical basis for lore-
casting maortality alse has implicacions dor onproving  forecases of
marbidity and disabiliey, Fur example, with tamgeting models one
considers the pessibilicy chat sooraalivy declines will (2 allow less
healthy individuals to survive, thus maeking the survived population
moee Irail than befere (Schoen 1986, Vaupel, Manton, and Stallard
1979y, or (b) allow cohorts to survive into older ages with fewet
accumulated risk factors, Lo any event, che consideration of hereropeneicy
for forecasting mortalicy may unprove forecasts of morhidiry and
disabilicy by taking into consideration the unique relarion herween
mortality and morbidicy and disability under condirinns of declining
mortality,

The tacgeting models ace particularly appealing when forccasting
maortality hecause they rely an the nse of marralicy schedules chat ace
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already observed for a piven population subgroup. This eliminates the
concern as to whether such marealicy schedules are realisrically achievable
since they aleeady exist. In effect, with the targeting method one
assumes chat there are morrality continuums that subgronps of the
nopulasion pass theough us they acouire mare favorable survival condirions
(or as they avord more adverse risk factors), and that chere is an iederiy
progression for shufes in mortality schedules, While this is an intriguing
cotwept, it is reasonable o question whether populacion heterogencicy
15 always arrriburable to a conunon ser of environmental constraines
on lougeviry thar influence equally all subproups of the population,
Vor example, ic is quite possible that two separare population subgroups
may eaperience comparable overall murtality schedules, but ar he
same time muineain quire different discributions of underlying causes
af death. Although chis would juseify the use uf rarpers ar the cause-
specific level, ic is still possible for two separaty popularion subgrowps
o experience comparable declines in mottalivy from a piven cause for
different reasons, For instance, declining mortality rates from ischemic
hearr disease may have oceurered 10 Scandinavian councries largely
becanse of improved living standards, while in the United Stares rhey
may have declined as a result of modern medical rechnology reducing
cuse-farality rares and allowing the survivors to die from other causes.
If the causes of declining mortality rares vary considerably in the
case of chronic degenerative diseases, then the prospects for additional
declines may also be quite diflerent, In order ro determine whether
targeting madels may prove uselul fur forecasring mortalicy it is
imporiaid te examine in greater decail the fundamenral causes of cross-
natiomal trends in marrality as well as wrends in morrality berween
population subgroups wirhin a given nation (Preston 1994, T42),

Canse-clelay Modelr

Camplete or Pariial Canie-Flimination,  While the rerm “anse-delay”
was first inteoduced by Manron and his colleagues in 1980 idManton,
Parrick, and Stallasd 1980}, the methods used for delaying or POSTRGALAE
dearh from a given discase indfimitely has been used Ly demopraphers
for many yeaes. This is commonly referred to as cause-climinarion
based on rhe analysis ol compering risks (Chiang 1968), Causc-clim-
ination models are life-tuble methods rhat are used (o answer rhe
yuestion: How are mortality rates and life expectancy changed for a
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population in which parr or all of one or more causes of death are
hypothetically eliminared or postponed indelnitely? The idea of hy-
pothetically eliminaring discases from the population 15 hased on
achievements rhar have been made within che last theee cenrurics
during which it was first learned ¢ mortaliey could be alrered, and
larer rhe realization thar infectious and pamsitic diseases could be
reduced in importance te negligible levels (Bourgenis-Pichar 1978).
As u resule of the subsequent reduction to near zero of death oes
from infectious and parasicic diseases, the saved populacion bas sutyive]
throughout this century inco increasingly older ages where they laced
the elevated risk of dying from age-associared physiologice] impeitments
such as heart disease, stroke, and some repes of cancer (Thody and
Schneider 19863, 1o effece, degenerarive discases were substetured tor
wnfectious and parasiric diseases as the majur causes ol death for the
population.

Taeuber {1976} was rhe first o discuss the implicanons of this
substitution process in rerms of what might occur of one or mare of
tadzy't major killer discases were somehow eradicated in a manner
sirnilar ro rhar achicved wich infecoous and parasitic diseases. Taeuber's
primary concern was focused on the diseases that would be replacing
as causes of death, che disease thar was climinated, and che possible
effeces of this substitution ot healch care coses, The larrer conoern
was bused oo the fact that today's major chronic depenerarive discases
have associated with them quite varving levela and durarions of pre-
death frailey and cost to the healeh care system. Any substitution of
disenses would chen be expeeted o alrer the provalence and severity
of population markidity and disability—possibly inoan undesirable
direction. Uhis substiturion of depencrative discases for those Tivpo
thetieally eliminared, and subsequent concern abuut the possible sub
seitucion of varying levels of pre-dearh fratlty, has been relerred to as
“Lacuber’s paradon” (Keyfie 1977). (I should be noted that Tacuber
was not the first o raise the issue about che possible consequences of
rhis subsrirurion process. Whelpton (1928, 257) and Whelpron, Eld-
ridge, and Sicgel (1947, 9—10) also briedly discussed che impartance
af rhis jssue.)

While the cavse-climination model has been used exrensively in
rhe lireracure (Greville, Bayo, aud Foster 1975; Keyhee |9 7 Presron,
Koyfirz, and Schoen 1972, Tsal, Lee, and Hardy 1978), it has not
been used by oilicial or unoificial sources for the purpose of making
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forecasts of mortaliry, This is the case because, as Siegel and Davidson
(1984, 57) and Tacuher {1976 have noted, it is unreasonable to
expect that major degenerarive diseases are likely w be climinated in
rhe foresceable future. Insread, such models are viewed as analytical
tonds ehat are more appropriare for assessing the relative conrriburions
of single causes of death o nverall maortality, aod o provide a basis
for dealing with policy quesrions regarding the allocation of healeh
CLSOLTCES,

Parrial cause elimination models are Basically the sane as roral
eliminarion models except that only some portion, mscead of all dearhs
lrom a given cause, are hypotherically eliminated—Ileaving the risk
of death from all other causes unchanged (for example see Tsai, Lo,
and Hardy 1978 The hypothetical parcial climination of a degenerutive
disease is appealing and appears more realistic chan roeal cause elimimition
because the ner effecr of declining moreality rres from some degenesative
discases is 4 shift in the risk of death tu elder ages and other causes,
While the number of deaths from other canses May INCrease as o
tesult, this will nor necessarily cause an increase in deach rates fom
rhe substicuted causes as the size of the population ar risk also changes
with lower death rares. This produces what appoars on the surface to
be an actual pardal eliminarion of the disease, as the risk of death is
shifred from one cause o anorher and some pocticn of the population
duocs indeed die from vther canses, The fact thac the risks of deach
from major chronic degencrarive diseases remain operativnal ar rhe
sume rime they are being poseponed indefinitely into more advanced
ages, however, represents one of the major concerns about the urility
of this model for providing o realistic basis for forecasting mortality.

At issue are really several problems with the cause-eliminacion
model, bur rhe most imporcant in this instance is the underlving
assutnption rhar diseases operate independent of each ather in cuusing
death. This is a tenuous assumptivn given the difficulty in observing
and measuring the dependency between diseases. The basis lor chis
assumption is thar specific degenerative disvases rend ro resule in death
over such sher time periods thae e probubilicy of 2 second degenerative
disease operating ar the same time is thoughr ro be small (Manton
and Poss 1979, 3141 As several authors have nored {Keyhrz 1U77,
Tsai, Lee, and Hardy 197H; Preston, Eeyfitz, and Schoen 1Y72:
Manton and Puss 1979 Siegel and Davidson 1984), dearh in more
advanced ages tends o resulr from a number of age- and ¢izease-
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associated degenerative conditions thar often ace interdependently o
bring about death. Given rhe facr rhat degencrative diseases are also
known o share comman risk factors (Hamburg, Elliot, and Patron
19623, the assumprion of independence i this case appears o he
highly quesrionable. Additionally, the independence assumption s
cansizrent with the standard nomenclature on death certificates where
a single underlying cause is bisted, and this s what 15 typically used
te describe che vne factor dhar is mose responsihle for causing an
individual's death, and to follow general trends in morralicy for che
population. The questionable reliabilivy of borh the underlying-cause-
of death statistic and the assumprion of independence huve led w
recent cffores to make wse of all of rhe dara on che death certilicate
to help underseand more fully the relarion between varying choonic
depenerarive diseases and rheir associated complications (lsmael, Ro
senberg, and Currin 1986, Mancon 19800 N 15987).

A possible redeeming fearuee of rhe cavse-climinacion model as i
might be used to forecast ssered! surtality @5 that today (e sdvances
in medical technalapy are ncourring so rapidly hac it is ac leasc
canceivable rhar some major chronic degeneracive diseases may be
eliminared in rhe fucure. [ we are o extend our basic assumptions
abour furure rrends in mortality o consider the excreme i which
major wehnolegical breakihrouglhs ave achieved, chen this model would
prove usctul, Thus, 1o is possible (hac che morcality schedules thar
would resule [rom the hypothetical elimination of any given major
degenerative disease may be comparable to what 15 projected under
the assumpoion of, say, a more likely scenano o which rhere s a
postponement of death from several degenerarive diseases simulrancously
(shansky 19833 Nevertheless, cause-eliminarion models are soll
viewed as inappropriate for forecasting maorralicy beranse of inherent
problems wich their undetlying assumprinns.

Sumselteeneons | Mudtiple Cause-delay.  One of rhe cricicisms of che
extrapolation and rargering models as they have been ased in che past
is thar, for rhe mosr parr, they have been used as atheoreoal stacisticul
merhods of exrending past rrends in mortality rates inco the future
wirh lictle or no concern given o the bebavioral, medical, and social
facrors which conrribure to morcality change (Olshansley 1987, 4534
Causceclimination maodels have been crivicized becanse it is wnrealistic
o assume that the major chronic degenerative discases of roday—
heart disease, stroke, ad cancers —are amenable to chiminacion because
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these discases appear to be inexorably linked ro incremental age-
associated physiological impairments. As s the case with any forecasting
methosl, the accuracy of these methods is dependent on the justifiabuliey
and accuracy of the underlying asswmptions. It is for rhis reason that
several authors have arpued char inscead of hypothetically eliminating
deaths or postponing them indefinitely as some have suggesred, it
wonld be mare cealistic ar this rime to estimate the effeoes of marginal
improvernents 1 cause-specific morrality, as in POSLPAOITLE SOITIC POTIN
(insread of all) deachs from a riven canse withowt reducing che rigk
of dearh from the causels) considered ro zero (Keviite 1077, 411;
Stegel and Davidson 1984, 37; Manron, Parrick, and Sodlurd 19800,
This was suggested because the facrars that appear 1o be cuusing
declining death rates and which are likely ra cause such declines in
the future—medical technology and improved lifestyles—are believed
to mfiucnee the risk of death by reducing or postponing morcality
lizards racher rhan eliminating them. In effecr, marginal tmprovements
i imoreality are thought o be tepreseneed more realistically by seatisiical
models thar allow tor marginal redections in rhe age-specific risk ol
death from any single cause, but which also mainraing che existence
of the risk of dearh from prevailing Causces rarher rhan eliminating
them encirely.

There ure several reasons why ic is important o preserve the in-
terdependent relarions, both theorecically mel mcthodaligically, berween
the risks of death from different degenerative diseases. Wirh the cause
elimunation muodel, for example, the entite population is remaved
fram any risk of dying from a selected disease. With a partial rause-
climination model the risk of death from a given cuuse @5 reduced
by, sav, 10 percent. This is an unrealistic assumplion given thar fow
if any indrviduals wre ever ar zero risk of dying from sy mmwjor chronic
degenerative disease. [t is much more likely that perbaps some POTTIEN
uf the population are saved from dving from one or more major
degencrarive diseases ws o result of, for example, preventive health
cure programs {hypertension control), discase-specific ncerventions
(coromary bypass), or a healthy lifestyle, cach of which may postpone
(buc nor reduce o zero) the sk of cxperiencing symptoms of a disease
it larer years, If one or more uf these factors serve o poscpone death
long enough so thar death eventuully resules from a different cause,
it would then appear that postponing death is equivalent ro eliminating
the risk of dearh for rhae disease (Manton, Pacrick, and Seallard 1980,
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S80). Yer, in fact the risk of death from that discase s nor reduoced
to zero; it 15 sunply reduced for w sulliciently long cnoongh cme
allow another disease to cause death, The inportance of this distincoion
is that chronw degeneracive dissises olien act interdependently in che
boely, and the presence of some risk factors, even in the absence of
phvrsical symproms associaced with any single diseuse, may precipitate
the propression of other disesses. The justibcation lor using @ cause-
delay model over a cause-elimination model s, therefore, based on
the premise rhar the risk of dearh from degenerative causes at any
given age are present; rhe tisk rends o increase wich age; and their
presence 15 known o inflisence the risk of death from other causes,
even when cause-specific morrality rares are dechining.

Based on chis understanding of the underlving assumptions for
cause-eliminaiion moedels, Mancon, Pacrick, and Srallard (19800 de-
veloped o method of escimuring the changes in morralicy rhar cesult
from the hypothetical postponement of dearh from a single underlving
cause. The methdology for this model was based on the assumprion
that observed age-specilic mormality rates for a single rime period
could be used to estimate the cffecs of a delay in che risk of dearh
for a gmiven age group, Hypotheuoul delays in mortalicy for a given
ape group are caleulated by assuming thar che risk of dearh from a
selected cause s shifted towand adjocent vounger age groups. A fives
year delay in mortalicy rates from heart disease, lor cxample, would
thus be apptoximately equal o shifting the observed age-specific
morealiry schedule for heart disease oward younger ages by 5 years,

The Manron, Parrick, and Stallard (19803 single cause-delay meth-
odology was subscquenrly exrended to allow for the simultaneous delay
of more than one discase ar a rime (Olshansky 1987). This extension
to o multple causc-delay model was believed o portray more realiscically
the effects on mortality of the presence of mare favorable risk factors
at the population level, For instance, rhe advances in medical technology
and improved lifescyles that have become more prevalenr in the Unired
Srares, and are known o teduce the risk of death from depenerarive
diseases, are also likely to reduce the risk of deach from more rhan
one degenerative disease al a time—given that major degenerarive
discases are known to share common risk factors (Hamburg, Ellior,
und Parron 1982), Any improvement in a single major risk factor—
for exumple, a reduction in smoking—swould then be expected o
reduce the nisk of dearh from all of the diseases smoking is kuown
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to influence (e, circulatory diseases, cormain types of cancer, eic,).
I it s chese kinds of favoeable improvements 1o major cisk Facrars
at the populacion scale thar are deiving down moeeality rates, and
there 15 rewson o believe this is rhe case, then che neroduction of
separale delay wsswmprions char are made by canse of death, age, mace,
and sex (and given & dme frame for rhe delavs to accur) appears to
bea most promising method of forccasring morralivy far the papularion
in more advanced ages wlere che majoricy of dearhs are arreibocable
tr chronic degenerative diseases. It is at these more advanced apes
where che magority of the recent muortality declines have ocoaered |
and where they may be expecied w vccur v che furuare i the risks
af dearh from degenecative diseases wre 1o be reduced by healchior
liftsryles and modern medical rechnalogy,

The cause-delay methodology developed by Mauwon, Patrick, and
Srallard (1980) and the extension by Olshansky (19870 may also be
viewed, inoa sense. as a form of targeting. In chis case, however,
istead of using as rargers mortalicy schedules from other subgroups
ul the popularion, mortality races from age groups wétben 2 population
subgroup ure used as rhe rargets roward which cohorts surviving 1o
aleer ages in the fucure are forecaseed o approach with tme. o effect,
the delay muodel explores as a rool for forecasting moreality che use
af varying risks of murcality rthar acour as a foncrion of age and across
time, or cohort heterogencicg. Delay models are dependent on the
assumption that each generation will accomulare fewer Tiferime hazards
at any age, by compurison co previcus cohores char passed rhrongh
rthe same ages. The ellect of (his delaved or slower accumularion of
maorraliy hazards for successive generations is g reduction in the risk
af death for a givea age mnge 1o approximamely che risk of dearh
currently abserved for a younger age range, This results in continuous
maorrality declines that are concentrated tn increasingly more advanced
ages as long as each new birch cohart accumulates lewer risk lactors
throughour cheir lives as compared with previous cohores. The question
that remains is how long successive birth cohorts can continue o
emjoy more favorable Tife condirions,

Micrnamalytic Cawiedelay Madlls. Another version of the cause
elay medel is one in which the level of analvsis is changed from the
cruse-specific level oo che moee derailed direcr relarion between specific
risk factors and cheir effeers on morrality, morbidicy, and disabiliry
{Manton 19864}, This s done by firse modeling the relarion berween
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specific risk-factar intervencions and cheir effects on overall survival,
and rhen analyrical maodels are developed to assess the condition
specific probabilivies of disabiliey and functional change by age and
sex. If rhe relarion berween reisk facrors and moeeality is combined
with knowledge of the probabilivies of disabiliry associased wich specific
vauses, then ie is possible o forccast morralicy, mochidicg, and disabilivy
fgpetbir, given various assumpriens abour how risk facrors mighe change
i the luture,

The advantage of this method i thar it models directly che delay
process [or degenerative discases g8 successive cobores muy be cepecred
to acguire lewer liletime sk lacwors roan chiese diseases by comparison
o previous coborts, This wethodology s currently i the developronene
stage with respect to its use a5 g lorecasuing methodology, however,
although it cerramly appears to be the next lopical excension of the
cause-delay methodology origimally developed by Mancon, Patricle,
aned Srallard (1980

Fmplications for an Aging World

The demography of aging and the morrality and morbidicy parterns
of the clderly and oldesc old have received a considerable amount of
actention by che scicntihe communiry in recene vears becanse of the
inportance of these lssues o nacional social programs thar are linked
to the size and hewlth status of the cldeddy population. Escimares of
the fiscal wiabilivy ol the macion’s Social Security progrum, for instance,
are heavily dependent on fovecasts of the size ol the populaion expecied
o sutvive to more advanced ages in the coming decades, The (uture
eonnomic viabiliey of other age-enticlement programs such as Medicure
are: alen dependent on forecasts of both the size and relative health
status of furaee elderly cohores, Yer, official forecasts of moerality that
have been made throughour chis century have consstently ancerestimted
subsequent murcality declines, thus implying rhar rhe esrimared cost
ol social progrums that have been linked o popularion projecrions
mace less than just 3 years ago are likely o be underesrimares,
Moreover, eflorts at lorecasting populacion morbidicy, or whar has
been referred to as active lile expectancy, have used very simple seatic
component models in which morbicdity rates are held constant and
applied to forecasts of the populacion. This raises che guestion ol
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wherher it 15 reasonable to assume that morbidity and disability rates
will remain constant at the same time mortality rates for che major
chronic degenerarive causes of death are declining rapidly. In rhis
section rhe implications of the methods and assumprtions used ra
lorecast morrality and morhidiey are discussed in relation o how social
progrums thar are linked o the size and health swatus of che clderly
population mighe be influenced by prospective trends in these varables.

Povecarting Moviality

Porecasts of muorccality gencerared by the U, Census Bureau and the
Otfice of the Actuury have mast ofren been made at the disease-specific
level where sepatawe wssumpricns were developed for each of ten separate
disease categories. The mortalivy races foreeasred for each disease CaLegory
were then summed 0 produce mortaliny schedules by age and sex,
and these were combined with forceasrs of ferrilicy and mugration fo
the purpase of forecasting population growrh and structure for che
Unired Seares. The reason given in cach study for making forecasts
ac rhe disease-specific level was simply thar pasr rrends in mortality
liave been ohserved o vary considerably by cause of dearh (for example,
see Wade 1987, B). It was, cherefore, presumed thar the [Erearest
accuracy could be nbrained with the level of aggregation ar the disease-
specilic level, as assumprions abouc prospective trends in cach disease
category could then be mare closely aligned with recently ohserved
trends in mortality from rhar cause (or group of causes). Given thar
trends in mortalicy rates fior the major disease categories have listorivally
changed at different rates in rhe United States—and frequently these
changes have occurted in opposire direcrions—it would appear reasonable
to forecast mortality at the disease-specific level.

What needs o be considered carefully is the reason why (orecasts
of martality are made in che first place. With both the U.S. Census
Bureau and the Ollice of the Actuary, the primary reason for forecasting
morrality has been o provide che most reasonable esrimares of future
levels of eueral! moctality that could then be used o forecast population
growrh and survival, and to generate life rables for rhe purpose af
estimaring prospective crends in lile exprotancy. The goal in making
such foreeasrs has not been based on wny particular inreresr in erends
i the healrh srarus of the population  the real interest was o penerare
mortality schedules from all couses of deatly e when combined with
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other data could cthen be used for other purposes—such as lorecasting
population groweh. In recrospect, then, it is possible that forecases
of motcality at less deeailed levels of ageregation could have been at
least as accurace for forecascing overall morceality rotes, if not more
accurace, than forecasts made at the diseasc-specific level (Alho and
Spencer [9RA),

It 15 crirical ro nore, however, thar faorecasrs of marralicy ar a less
detailed lewel of agpregarion—say, ar rhe age-specific level from all
causes combined—fails o reveal che reo aspeers of morralicy rransicions
thut wi are most inreresred inomoday from a healch care and public
policy perspective—changes in che relarive diseriburion of causes of
death fur the popularion, and prospecrive trends in the number of
demlis by cuuse. Regarding the distribucion of death, morcalicy cransicions
that have occurred in the United States and ocher developed countries
throughout this century have resulted in @ redistribucon of death
from the young o the old, This substicution of causes of deach and
the ages at which they occur s had an enormous mpact on the
structure of the health care indusiry in the developed world, and i
has contributed 1o che economic burdens that are fmposed by the
presence of chronic degenerative disenses and nonlife-threacening but
disabling conditions thar often make che last years of life bath expensive
and unpleasant to live chrough (Boos, Montgomery, and Roos 1947;
MeZall 1984). It 15 the incidence and prevalence of these conditions
thar will increase rapidly in the coming decades as the population
apes, even in lighe of rapid declines in mortality rates (Greunberg
1977 Kramer 19800, Addivionally, forecasts of mortalicy ar the canse-
specific level also allow one ro eseimare prospecrive trends in morhidiny
and disahilicy when dara are available ro make sach linkages. Thus,
effires ar forecasring morrality raday emphasize che disease-aperific
approach noc only beranse iv is a reasnnable assumprion oo make when
toends in mortalicy vary by canse of dearh, bur also becanse ic supplics
estimates of other componencs of morealicy and aging thar are cricical
for tracking and forceaseing the general health stacus of the population.

To illustrare che discase-specific approsch 1o lorecasting moreality,
andd to compare furccasting mechods, figure 6 provides @ comparison
of observed (19681978 und forecasted (1980 20001 morality rates
from all cicculatory diseases (ICDA 390 448} [or nonwhite men in
the United States for two selected age ranges. Wich each method,
assumptions were made that are believed to be consistent with recently
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fur nonwhite men in selecred ape rnges o che 180 anad locecasts o the
vear 2000 using three differene models, Targering model: Assumes thar che
maorrality races observed for whice men in 1978 will be welueved by nonwhice
men by the year 2000, Extpolacion model: Assames a linear extrapolacion
of anaual average changes in moetalicy obscrved from 968 w 1978, Cause-
delay el Assumes o S-vear deloy o mmorcalicy.

abserved trends in mortality from char cause. This simple comparisaon
af forecasting mmethods wod assumptions illustraces some of the rewsons
why it 15 difficult to forecast morialicy, First, note that {or che group
aged TU to 74 there was a rapid decline in mortality observed lrom
1968 o 1974, but these declines were interrupred briefly by an
increase in mortalicy from 1970 o 1974, The extrapolation and cause-
delay models produced quite similar forecases in spite of the fact that
only rhe farmer method actually took into account chis period of
increased moerality. The targeting model produced resules chat were
much less oprimisric by comparison to the other two models, and
this leads one ro question the appropriateness of the chowe of the
targer popularion, rhe assumption about che time frame for the forecastecd
murtality rates oo aceur, ot rhe assumprions behind rhe orher rwo
models.

For che group aged 60 ro 64 che slope of rhe mortality declines
was less steep than char observed for the older age proup. and each
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farecasting method and related assumptions produced resules thae were
fairly comparable. Tnorhis case how does ane decide which mechod
and ser of assumprions to use? Bven a minor variation in one or more
af the assumprinns for any of che three mechods woeuld resule in
virtwally idencical morcality forecascs. [o should be noced chat in che
forecasts presented o figure 6 it owus assuned thar the forecasoed
mortalivy races would be schueved o the vear 2000 sl Qi imveemediace
races were lineadly interpolaed, Herein les the basic problem thar
all forecasters st face  deciding upon the underlying assumprions.

Griven that one has alrendy decided (o lorecast by age, ace, sex,
and cause of death, a nwnber of other decisions must also be made
with each method. Firse, a common assumption tor all chree mechods
15 the decision as to when the forecasted mortalicy cares will be
achieved. Thar 15, how long will it take co arceve at a given target,
i what vear will o 3ovear delay be achieved, and for how long into
the furure should morcality rates be exerapolared? Wath exerapalarion
models decisions are required about which measure of martality change
ro use, should the exerapolacion he linear of nonlinear, and what
should be used as the time frame to extrapolate from. Wich rarpering
madels ane musr decide upan which rarger will he nsed and in whar
manner the rarper will be approached, and wdirh canse-delay models
nne must decide how long ic wdll rake for a given delay o coour.
Given rhar rhese decisions should he made separarcly by race, sex,
ape, and for cach canse of dearh considered, it s casy o covision the
likelihood of error regardless of which mechod s wsed,

P.:Jﬁ.z‘.—:fr.zfiarx A ey

Forecasts of the numbers and proportons ol the populacion aged 65
and over have been revised with each new study made by the U5,
Census Burean and che Office of the Actueary as sssumptions about
prospective trends i mortality have been changed. 1o spate of che
fact that assumptions ahoue future trends oo mortalivy are nor likely
o influence significantly forecasts of the praportion of the papulation
which is elderly (Siegel 1979, 19 Crimming 986, 193), forecasrs
of rhe rize {oe absolute numbers) of the elderly popularion are very
SUTISITIVE [0 ASSLMA0NS abenr mnrraliry ifor example, sce Rice or al.
19830 Ic is chese abselure numbers of sucvivors o more advanced
ages thut wre wsed by health care planners aud others we lorecast
populstion morbidity and disabilicy and (o forecnst tends in health



5 16 8wy Mibaniky

care usage sud expenditures, While forecascs of the proporrion of che
total population chac s eldecly have been vsed to determine whae che
relative demands will be on the working-age population w suppaort
age-entitlement programs such as Social Securiey and Medicare, even
these forecasts are sensitive to changing estimates of mortality wod
survival. This s an amportant factor o consider today given the
magnitude of recent changes in assumptions about prospective trends
in morralicy (Rice and Leldman 19483), and che fact chat forecases of
the proportinn of the alder population which is the aldest old (aged
85 and older) s quite sensicive to varying mortalicy assumptoons.

Guralnik er al. (1988) illusrrared rhe imporcance of assumprions
abour borh fercilicy and maorralicy ro frecases of popularion proweh
by comparing scleceed 1.5, Census Burcaw forecases of the 1980
population made from 1937 o 1975 with actoal census counts of the
population lor chat year. It was determined thae while assumpeions
about fertility accounted for the mujority of forecasting erooes in the
studies published before 1970, o subsequent studies the lorecasts of
moctality were considerably higher than what was actually observed.,
This produced an underestimate of che weal 1980 population, abouc
20 percent of which was attributable o an wunderestimacion of the
population aged 65 and over, [t was concluded cthat there are vast
differences in forecasts of che size of che elderly population based on
varying assumptions abour mortality alone, and chat if preseat crends
in maottality continue it 15 possible thar “the needs for inereased health
care for our older population will be enormous and could overwhelm
furure healch care resoucces” (Guralnik et al, T98H, 297

Popularion forecasts made by the U.S. Office of the Actuary hawve
also heen subject to these same kinds of forecasting crrors. Vot example,
rable: 2 provides a comparison of forecasts to the year 2000 of the
toral Unired Srares population and rhe population aged 63 and over
made ar differene rimes by the LS, Office of the Acroary. Tr s
mteresting o nore firse the wide variarion in such csrimares noc juse
between studics, bue also wirhin studics as high or low cstimares were
provided inocach case, cxcepr 19740 In the 1957 soudy, for example,
the range between che high and low escimares of che populartion aged
GF and over for the year 2000 was 5.7 million persons (ee column
3). This tange wus reduced o zero in the 1977 study Decause only
one mortality assumption was adopeed, but wich che publicacion of
the 1980 study the range incressed 1o w5 much as 4.0 million persons



TABLE 2
Comparisan of 1.5, Ofice of the Acouary Forecasts of the Towal Population and the Population Aged 63 and Over for the
Waired Svates oo the Year 2000

Fursests mov the pear 2000

T Choasaneds)
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Population aged 65
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Buow 62 (Bayo [960) 323,438 1,23 29577 = 31,736
No. 72 (Bayo and McKay 1974 271,082 — — 31,035 —
Mo, 74 (Bayo and Wilkin 1977 273,973 268,739 238,337 32,960 -—
Mo, 77 (Bayo, Shiman, and Sobos 1974) 273,077 268,760 250,330 32 940

Mo, 82 (Wilkin 1980a) 279,024 272 0ES 204,766 320 33,998 39,055
Mo, 84 (Wilkin 1980h) 272,989 —s 33,00 e
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as alrernative assumprions about mortality were again included . Tn
the lase fiee actuareal studies che range of (e forecusts of che elderly
pupularion declined cansiderably, because these studics were based on
mure recent mortalicy erends wnowhich mortalicy declines in older ages
appear o have slowed down,

While planners may feel comfortable using medivm-range lorecasts
of the popularion made in any single study as the basis [or forecasting
nusing home beds, healrh care expendicures, and other related costs,
the variation in forecasrs of rhe elderly population between studies
has also been quite large and is a reason for concern. In 1974, lot
example, the forecast of rhe popolarion aged 63 and over {or the
United States in the year 2000 was 31 03 mullion persons. Wichin
& oyears (his was Increased o 3296 million, and in the subsequent
two studies in 1980 and 1984 rhe medium-range farecasts were 360
and 36,18 million persong, respeerively. This means thar within a
IW-year time period, from 1974 m 1984, rhe medinm-range farecast
of the population aged 63 and over in the Unired States for the year
2004 was increased by 5.1% million perseng, a 166 percent increase.
Cver the same time peried the forecast of rhe roral papulacion was
revised upward by 6.37 million, thus indicaring rhar abour 80 percent
of rhe difference between the two forccasts of the roral popularion
was arttibutable to revised assumnptions ubuue survival o more advanced
apes (see column 2). This is the case because those who will he aped
65 and over in the year 2000 are already alive, and cscimares of rhe
number of peaple 1o this age group rely largely on assumprions abour
survival (alrthough some portion of this dillerence may be arcributable
Lo warying assumptions aboue migeationd, L their lacese lotecast, the
.5, Office of the Actuary once again revised their assumptivns—
although rhis rime rhe medium-range assumption for the population
aged 65 and over in rhe year 2000 was 358 thousand less than hud
been forccasted Just rhree vears earlier (Wade 1987), Again, this
occurred because the larest seudy nsed moee recene dara on maorcality
where it appears thar morrality declines in older ages may have
decelerated.

Griven the mugnitude of the differences in recently published oificial
forecasts of mortality and survival, and rhe face rthat major revisions
i assumptions have occurred over such shorr rime petiods (see figures
3 and A), forecasts of reluted cconomic variables thar are dependent
on haseline population estimates must be changed accordingly. As an



O Furecaiting. Murtalivy 510

illuscracion of chis poinr, Rice and Foeldman (1983 esrimared charc if
age-spcific rares of acoivity and limitation remained constanc ac 1980
levels, health cure costs for the population aged 65 and over would
incresse foom 64,95 billion dollacs i 1980 co 90,3 billion (constant
19800 dollacs by the yeur 2000, o 25, 8-billion-dollar incresse o just
2t vears. If the baseline population forecasts for the year 2000 usced
by Rice and Deldman (1983, 372) are adjusted upward by (1) che
percentage ditference between the meddle-series baseline population
forecasts of the populacton aged 63 and over made by the U.S. Oilice
nf rhe Arctuary between 1974 and 1984 (16.6 perceat), or (2} the
percentage difference berween the muddle and high seres lorecasts ol
rhe populatian aged 6% and over for che year 2000 lrom che 1980
LS Office of the Actuary study (8.5 percenc), toral health care costs
terccasced for rhe year 2000 would be inereased to about 1054 and
8.0 billien dellars, respeceively, from the currens forecase of Y%
billion dollars. These represent diffecences of 77 and 15 bellion dollacs
i estimares of health care coses char arise in less than 20 years almost
exclusively from differenc assumprions abour prospective trends 1o
mortality und survival,

Inoa eifferene study, Roms, Montgomery, and Roos (198/) found
that lorecasts of health care utilizarion are heavily dependenr on forecases
of the size of the elderly populacion. Using 2 measure of coral healrh
care usage that included hosproalizacion, nursing home use, and physician
services, f was detetmmined that lur a sample of che Canadian popularion
the Forces of population aging snd che postponement of deach inoe
mote advanced ages from declining dend taces will result in wsignificancly
increased burden on che Canadian health care indusiry over present
lewels by the year 2000, This is expected o occur primarily because
increased proportions of elderly cohorts are lorecasted (o survive long
enough o require che services of nucsing homes chat are koown 1o
e considerably more costly than other oypes of care for che elderly,
These trends in healrh care costs were extrapolated into the future by
assuining thar morkidity and dizabilicy rates by age and sex would
remain constant ar prosenc levels (rhis is referred o as a static component
medely, and then these rares were applied to forecases of the population
made by Statiseics Canada. Given rthar (1) the popularion aged 83
and over is one of the fasrest-growing sepments of the population in
Canada und other developed connreies, (2) people in chis ape group
are move likely to utilize more expensive long-term care facilities than
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the rest of the popularion, and {33 mortality rates have been declining
rapidly in chese age groups, chen even minor eoors in forecasts of
mortalicy would, therefore, influence both the forecasts of the size of
the population at risk of surviving o alder ages and estimmees of
health care expenditures thar are dependent on such forecasts.

The mportance of minor changes in assumprions abour moralicy
and survival to forecasts ol the size of the elderly population and the
caleularion of related morbidivy, disabiliny, and healeh care costs,
should, rherefore, oot be underestimared.

Forecasting Movbidity and Dicabulity

Forecasts of morbidivy and disability require the considerarion of how
the incidence and prevalence wnd incidence races and prevalence rares
of the measures of interest mighe change in the {uture. The mechods
and assumptions wsed to forecast morbidity and disability races are
not che same ws those nsed o forecast the overall incidence and
prevalence of morbidity and disabulity. In order to forecast the incdence
and prevalence of measures aof morhidiey and disabilicy, i is NUCUESATY
to make assuinptivns abour whar the rates of morbidity and disability
will look like in the furure, and rhese rares are in rurn multiplied
by forecasts of the population ar risk. This means that such forecasts
ate dependent on two separate and unrclared sers of assumptions about
rhe furure cowse of trends in popularion prowrh wad public health,
To forecase wares, ome vequires cither dara on reends in morhidicy and
disahility rates to extrapolate from, or 4 justifiable reason to helieve
thar such rares will change in a given dirccrion in rhe furure, Ths
is cquivalent ro forecasting the profabiliiy thar morbidiry and disabilicy
will oceur ar a given level at a selected moment in cime in the fucure,
ueed it requires knowledge abouc prospective rends in che healrh srarns
ul the popularion,

To date the merhods used to forecast morbidity and dissbilice are
considerably less sophisricared than those used to lorecast morcaliny—
for & nwmber of reasons, First, measures of morbidity and disubility
are highly subjective and amenable to a broad range of interpretation,
thus making such measuees both difficule to obrain and interprec. In
the absence of reliable period or cohorr dara on morbidity and disability
tor the United States, there are no sufficient data on tends in these
variables that may be used o exrrapolare fram, Given these two
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prablems, seudies thar require rares for forccasting the incidence and
prevalence of marbidiry and disabilicy have, cherefore, used Soacic
component models inowhich races are beld constant at present levels
and applicd m forccases of the pepulation (Brody 1987; Crumomins
19845; Lin and Manton 1937; Manwon and Solde 19899, Rice el oal.
[98%; Rice und Feldman 1983; Rovs, Moncgomery, and Boos 19871
The racionale {or chis sssumption s that ao dos wme there appears
to be 1o sullicient justiboation for assuming morbidity and disabilicy
rates will change in either direction in the near teem or far term. In
chis sense, methods of forecasting morbidicy and desabelicy caces have,
until recencly, never really been developed. Recent research by Manton
(1980a) and Liv and Manton (1987), however., have made the firse
steps 1 this dicecoen by modeling the complex relation berween
morbidity and disability, and prospective reends in maorralicy, and by
developing alternative assumprions regarding how rares may change
in the future,

While there are insufficient dara ar rhis rime o jusrify alrernarive
assumptiong abour the incidence and prevalence rares of morbidity
and disabilivy, rhees is cerrainly reason o question the use of staric
companenr maodels. For insrance, how reasonable i s oo assume chat
age-specific morkidity and disabilicy rates will hold conseant dunng
a time in which age-specific mertalicy. raves are decdlining rapidly,
This concern is particularly important new considering that recent
mwrtalivy declines have cooerred Lo the population o more advanced
ages where muorbidivy and disabilicy rates are the highest, and for
somne of the major cuonic degenerative diseases that are commonly
linked 1o high matbidity. The key factor here s che linkage between
mortalicy, morbiedicy, ane disabilicy, IF mocealicy races are observed
to decline from o given cause of deach thae 5 known to be preceded
often by high morbidicy, then it appears questionahble o assume thar
morhidity rates from ches eause will remain conseane. Muoch depends
an why mortality rates from that cause have declined, whar the
remaining years of life are like for the saved popularion, and what
the relarion is herween the risk of dearh from char cause and che risk
af morchidiry, disabiliey, and dearh from orher caoses, The same
gquestions arise for each chronic depencrarive discase. Additonully,
some of the major cavses of morbidity or disabilicy in the popalaton,
such as demencia, archricis, blindness, osteoporosis, etc., ae not
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always life-thteatening condicions and have not yer been lhnked o
any systematic way to specific causes of deach

Az an illusrrarinn of rhis paine, consider rhe case of cerehrovascular
discase (srroke), which has been declining as a cause of dearh and
which has alse been linked ro high levels of predearh frailey (Maneon
1080a). If morralicy rares from srroke declined as a resulr of cohorrs
surviving to more advanced ages with fewer lferime accumulared risk
facrons [or that cause, then stroke deachs are cicher being postponed
into more sdvanced ages, or people at sk of dving from scroke are
surviving long enough o die from some other conse. Deachs accriburable
to scrolee may also be declining because of improved survival chances
tollowing a stroke (e, Jower case-loality raes), To cither case it is
not possible at chis cime o detenmine whether the probability ol
strake-telated morbidicy and disabulicy would increase or decrease with
declines in the rsk of death from thar disease. While it might appear
reasanable to assuwme thae a reduction 1o the sk of deach from stroke
tor any nrher degenertive discase) will pestpone morbidicy and disabilicy
into larer years and comptess it into a shorter time span before deach
oveurs {Frics 19800, i ds snill not boown whether che deratron of time
spene above a disabilicy threshald will alsa decling (even if morhrdicy
compression ooors), nor 8 i kanwen how such a process mighe infuence
the risk of morhidiry and disabiliny from orher canses. This ds furcher
complicated by che faer thar declines in che risk of dearh feam ocher
chromic degenerative discases, regardless of wherher or nor they are
associated with high predeath frailey, are likely o be associared inoa
complex lashion with the risk of stroke-related morcalicy, morbidice,
arel desabelicy.

If this substicution process were occurting lor only voe cause of
death leaving constant the relation between mortalivy, morbidity, aud
disahility from other causes, then ic might be possible to determine
whar effects changes in the nsk of deach from that cause might be
for the population, Given thar the sk of death from most major
chronic degenerarive diseases has been declining rapidly in recent
decades, howewer, and thar rhere is uncertainty as to why this s
vocarring and how ir mighr influence the complex relacion berween
mortality, morbidiry, and disabilire, rthe rask of forecasring rhese
vatialdes ut the popularion level is one rhar few are willing o mackle.
These questions und concerns are the very issucs thar Tacuber ( 19976)
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rased with respect o che hypochetical elimination of degenerative
diseases and che substitonion of cavses of death thae would follow,
although they are equally valid issues to rase with respece to rhe
posepowenent of death from chese same diseases,

While sraric component madels have been widely used in rhe
literarire o fovecast the incidence and prevalence of morhidiey and
disabdlicy. it is pessible ro develop somewhar more sophisticarcd merchaods
uf dorccusting morbidicy and disabilicy rures based on che developmene
ol linkuges berween these variables and morcality. For inscance, consider
that stacic componene models rely on veo basic assumpoions. One 1S
tme morbidity and disability rares wall remain constune ac all wpges
across tione, sod che sccond 13 chae these maees will also hobd constane
within specihc disease culegories o which such raes may be Linked,
This assumes implicicly thae che pelacive cdistribution ol causes of
death will not change with ome, sven in Lieght of mortaley rates
changing at a dilferent pace lor sach degenerative disease. In ather
wards, prevailing rates of morbidicy and disabilicy are applied o
forecasts of the population in order to make forecasts of thewr neidence
and prevalence, nospite of the fact that we know that che relatve
distribution of causes of death 15 changing rapudly with declining
marrality rates. If chere 15 2 serong linkage herween predearh frailry
and subserquent undedying cause of deach, then shifts in the diseriburion
of dearh by cause will alter the mothidiey and dizabilicy profile of
the popularion. This makes the nse of srane component assumprions
appear rie be highly uneealisric for forecasting morhidicy and disabilicy.

It is possible ro refine forecasts of moerbidicy and disabilicy by using
knvwledge sbour che prevailing linkages beeween mocbidity and dis-
abilicy, und mortalicy, and apply chese o forecasts of che number of
elenths from these causes. To de chis one would lorecast te num ey
ol deaths aributable o che major chronie degenerative diseases and
causes of death st comemonly associated with high predeath (ilty,
anc chen apply the sk of mebidicy and disabilicy associated wich
those causes (when available) to lorecasts of cthe number of deachs
from each cause. Alchough this procedure would still make forecasts
dependent on che assumption that che disease specitic nsks of morbidiry
and disabulity from each cause remain constant, «f would at least make
such torecases sensitive to the changing distoibueion of causes of deach
If these forecasts were then combuned with some of the recent work
by Manton ¢ 1986a), in which the relation between risk-facrore inrer-
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venitions and the risks of moeralicy, mothidiey, and disabilicy is furcher
developed, it would then be possible ro make forecasts thar are sensitive
to both the changing diseribution of causes of dearh and the changing
disease-specilic tisks of morbidity and disahilicy rhar resule from changes
in the mortality proble of the population.

Conclusion

Recenr interest in the demography ol aging and the moreality parrerns
of the old and very old accurred with che realization that an impending
shift in the age composition will create an enormous burden on,
wrnong arher facroes, the funding of age-entitlement programs and
heulch care cosrs. The recent acceleration of this problem of populacion
pging that has been caused by vnexpected and rapid declines in
mottality rates from degeneracive diseases for the population in more
alvanced wges has heighrened interest in the methods and assumptions
used o forecast morralicy,

Official forceases of morrality rares made by the U5 Office of the
Actuaty during this century relicd heavily on expere judgment and
the extrapolativn of past rrends in age/sex cause-specific marralicy
rates as their ferecasting methods. Dara presenced here indicate that
these extrapolation methods, or ar least the assumprions rhar onderlie
the use of extrapolation methods, have nor been very successful in
forecasting observed clmges in mortalicy, The presence of orher merhaods
such as targeting and cause-delay appear to be gquite promising as
alrernarive methods of lorecasting mortality because they are hased
on moreality transicions that have been observed recently in the Uniced
Srares,

The imporrance of forecasts of mortality to the {uture starus of
sl programs rhat are linked to the size and healeh status of che
elderly popularion, such as Social Security, Medicare, and lorecasts
of motbidity, disabiliry, and demand for long-term care facilities, is
evident, Recent forecases of population growth by che U.S. Ollice of
the Actuary have been made after making significant changes in
assumptions abour moreraliey and sutvival wich cach study, These
revised assumprions ahour maorralivy were based on che observation
that recently olserved morralicy declines have been much greater chan
anticipated, The effect of these revised assumprions abour martalicy
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lis been an increwse of the {orecast of the population sged 69 und
over for the year 2000 of 5. 19 million petsons between [orecasts made
in 1974 and 1984, a 10.6 percent increase. {iven that mochidicy,
disability, health care costs, and other related variables tend to increase
rapedly with advancing age, an upward adjuscment of the population
aged 6% and over of 5,15 million persons tends o produce dramatee
increases 10 forecases of chese relared expenses.

Regardless of which methods are used o forecast marealivy, mathidiny,
and dizability, the aging of the popularion and rhe accelerarion of
rhiz aging process cansed by declining morralicy in advanced apges,
will rosule inoa suhsraneial burden on rhis narinn’s healrh eare syseem,
in parricular, and orher programs relared ro rthe size and healeh srams
of the elderly populacien. Similar concerns are valid for scher developed
and developing countries as well. In spite of claims made by some
that moebidivy will decline i the tutuee, che complex relacon between
moreality, morbidity, snd disability @5 just beginnng o undold, aod
it is too carly to tell whae the health and econemnic impaects of recent
tremds in these variables will be [or both the United States and the
rapidly aging global population.
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