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A CONTINUING interest of
the National Center for

Health Statistics is the develop-
ment and evaluation of new
health indices suited to diverse
specific purposes. No one index
can reflect all aspects of health,
but there is considerable agree-
ment that an index which meas-
ures some aspects of nonfatal ill-
ness as well as mortality would be
desirable. A rationale for using
both mortality and disability
rates as the components of such
an index has already been pub-
lished (1).
One technique for combining

mortality and morbidity rates into
a single index was devised and re-
ported by Chiang in conjunction
with his development of mathe-
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matical models of illness frequency,
illness duration, and mortality
(2). Moriyama has discussed cri-
teria desired in an index of health
and, in view of these, reviewed
some approaches proposed in the
literature (3). A description and
evaluation of disability concepts
and measures being considered as
the basis of the morbidity com-
ponent of a mortality-morbidity
index appeared in a recent report
(4).
Another technique for merging

death rates with illness rates, and
some illustrative results are de-
scribed in this paper. A primary
objective of these studies is de-
velopment of a summary measure
which reflects changes over time
in the health status of the nation's
population. Too little is known as
yet about these techniques, and
in some cases about the data they
employ, to permit thorough eval-
uation of alternative approaches
to the construction of such indices.
Results of studies of such meas-
ures are presented as they become
available by the Center to stimu-
late consideration of the issues
and, possibly, to stimulate further

studies by those in a position to
conduct related research.
Some preliminary index values

based upon the techniques pre-
sented in this paper have already
been published for fiscal years
1958-66 (5). The estimates in
this article are also preliminary.
Although they relate to only a sin-
gle year, they provide previously
unpublished information on
whites and other persons and on
sex differences. These estimates
are considered more accurate than
earlier computations of such
values.

Results
The two related indices de-

scribed in this paper are based up-
on a life table model. They are
(a) the expectation of life free of
disability and (b) the expectation
of disability. Either of these meas-
ures can be calculated using vari-
ous definitions of disability, and
values of each index based on two
alternative definitions of disability
will be presented and compared.
The techniques employ a rela-

tively simple modification of the
conventional life table model
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to compute the expected du-
ration of certain defined condi-
tions of interest among the living
population. Somewhat similar
methods have been employed to
compute expected values for con-
ditions such as labor force partici-
pation and school enrollment (6,
7). In those applications current
mortality rates, summarized in the
life table values, were combined
with survey-based rates for events
among the living population to
produce potentially valuable
measures not otherwise obtain-
able. Calculation of a summary
measure of health status in a
somewhat similar fashion was
once suggested in a paper by San-
ders, but the more elaborate
health measures which his pro-
posal required have not yet been
developed (8).
The expectations of life and of

disability presented in this paper
are hypothetical values derived
from a period life table. They are
the values which would occur if
a birth cohort of fixed size experi-
enced, age for age throughout life,
the recent age-specific mortality
and disability rates used in these
life table calculations. Since the
age-specific rates may change con-
siderably over the lifespan of any
real birth cohort, expectations
based on a period life table may
not reflect accurately the life ex-
perience of infants born in any
specific period. Hence, these meas-
ures are intended primarily as an
index for comparing the inortality-
morbidity experience of different
population groups and should not
be construed as projections or fore-
casts. Methods of computing these
measures are described in a sub-
sequent section.
The modified life tables provide

values of the expectation of life
which omit time lost to disability.
In one version of these tables, dis-

ability was defined broadly as in-
stitutional confinement for health
c a r e, prolonged incapacitation
that does not include institutional
care, and short-term episodes of
restriction on a person's usual ac-
tivities (table 1). An alternative
version eliminates only the lifetime
duration of periods of bed disabil-
ity (table 2). Bed disability in this
paper includes any periods spent
in hospitals or other institutions
for health care and also days of
noninstitutional illness involving
confinement to bed for more than
half the daylight hours. Which-
ever definition is used, elimination
of disability periods has a substan-
tial effect on the expectation of
life. Possibly more striking is the
average amount of time lost to
disability among members of the
hypothetical life table population.

Although the conventional ex-
pectation of life in the United

States now exceeds 70 years, the
expected duration of disability-
free life is not quite 65 years (table
1) . The difference between these
two figures is the expectation of
disability, approximately 5 years.
Illness of the aged contributes
heavily, as the expectation of more
than 3 years of disability at age 65
indicates, but it is not the sole
determinant. Younger age groups
account for the difference of 2
years between expectation of disa-
bility at birth and that at age 65.

Using a less comprehensive def-
inition of disability and discount-
ing only the lifetime duration of
days of bed disability changes the
magnitude of these figures, but the
results are still noteworthy. Expec-
tation of life free of bed disability
is about 68 years at birth, and the
expectation of bed disability is ap-
proximately 2 years (table 2).
Again the relatively large cumula-

Table 1. Expectations of life and approximate expectations of life
free of disability and of disability, for whites and other persons
by sex at birth and at age 65, civilian resident population,
United States, mid-1960's

Expectation

Color and sex Life Life
(1965 U.S. free of Disability
abridged disability

life tables)

Years at birth

All persons -70. 2 64. 9 5. 3
Male -66.8 61.6 5.2
Female -73. 7 68.4 5. 3

White -71. 0 65. 8 5. 2
Male -67. 6 62. 5 5.1
Female -74. 7 69.4 5. 3

All other persons -64. 1 58. 2 5. 9
Male -61.1 55.1 6. 0
Female -67. 4 61.4 6. 0

Years at age 65

All persons -14. 6 11. 3 3. 3
Male -12.9 9.4 3.5
Female -16.2 13. 1 3. 1

White -14.6 11.5 3.1
Male -12.9 9.5 3.4

Female -16. 3 13. 3 3. 0
All other persons -14. 0 9. 3 4. 7

Male -12.6 7.5 5.1
Female -15. 5 11. 2 4. 3
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Table 2. Expectations of life and approximate expectations of life
free of bed disability and of bed disability, for whites and other
persons by sex at birth and at age 65, civilian resident population,
United States, mid-1960's

Expectation
Color and sex Life Life

(1965 U.S. free of bed Bed
abridged disability disability

life tables)

Years at birth

All persons - 70. 2 68.2 2. 0
Male -66. 8 65. 2 1. 6

Female -73. 7 71. 4 2. 3
White -71.0 69. 1 1. 9

Male -67. 6 66.1 1. 5
Female - 74. 7 72. 4 2. 3

All other persons -__---__-___64.1 62. 3 1. 8
Male -61.1 59.5 1.6
Female - 67. 4 65. 2 2. 2

Years at age 65

All persons -14. 6 13. 5 1. 1
Male -12.9 12.1 .8
Female -16.2 14. 9 1. 3

White -14.6 13.6 1.0
Male - 12.9 12.1 .8

Female -16. 3 15. 0 1. 3
All other persons - 14. 0 13. 0 1. 0

Male -12. 6 11. 7 . 9
Female -15. 5 14. 3 1. 2

tive impact of bed disability
among younger persons can be de-
tected by comparing the expecta-
tion of 2 years of bed disability at
birth with the corresponding ex-
pectation of just over 1 year at
age 65.
Although persons who survive

to age 65 have a further life ex-
pectancy of almost 15 years, their
prospects are somewhat dimmed
by the fact that this 15 years can
include more than 3 years of disa-
bility and more than a year of bed
disability.
Sex differentials. Sex differen-

tials in the expectation of life free
of disability and the expectation of
life free of bed disability are deter-
mined primarily by the large and
well-known sex differences that
exist in conventional life expectan-
cies. Using any one of these three
measures, the expectations for
males are much shorter than those
for females, both at birth and at

age 65 (tables 1, 2; fig. 1). Both
white and other males face un-
favorable prospects when com-
pared with their female counter-
parts in terms of these life
expectancies.
When the expectations of dis-

ability and of bed disability are
considered, however, most of the
sex differentials favor males
(!tables 1, 2; fig. 2). Within both
white and other groups, males
have lower expectations of bed
disability than females at birth and
at age 65. White males also have
lower expectations of all forms of
disability at birth than do white
females. Expectations of disability
are equal at birth for all other
males and females. Of the data
given in this paper, only the ex-
pectations of disability at age 65
are consistently favora:ble for
females.
These sex differentials need to be

interpreted with considerable cau-

tion. In the surveys which pro-
duced the data underlying these
estimates, different definitions were
used to determine the existence of
chronic disability among men and
among women. The nature of these
differences and their possible con-

sequences have been discussed
extensively elsewhere (4, 9). In
this paper, it seems sufficient to
note the existence of these differ-
ences and to point out that they
would affect the expectations of
disability but not the expectations
of bed disability. Expectations of
bed disability favor males both at
birth and at age 65. Pregnancy ac-

counts for some but not all of the
excess bed disability among females
at younger ages. Consequently, it
seems reasonable to conclude that
bed disability, at least, imposes a

heavier burden upon women

throughout life.
Whites compared with other

persons. Differences between
whites and other persons in the ex-

pectations of life free of disability
and expectations of life free of bed
disa'bility are also largely a result
of differences in conventional life
expectancies. For each of these
measures, expectations at birth for
persons other than white are sub-
stantially less than for whites, and
similar differences are observed
among both males and females
(tables 1, 2).
At 65, differences between

whites and other groups are nu-

merically much smaller for each of
these expectancies, although still
favorable to whites. The difference
is slightly more than one-half year
for the expectation of life and for
the expectation of life free of bed
disability. It is more than 2 years,
however, for the expectation of life
free of disability.

Differences between whites and
other persons in the expectation of
disability and the expectation of
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bed disability correspond to these
differences in life expectancies.
Differences between whites and
others in the expectation of bed
disability, either at birth or at age
65, are only negligible. Conse-
quently differences in the expecta-
tion of life free of bed disability are
almost equal to differences in the
conventional expectation of life.
There are noticeable differences

in the expectation of disability be-
tween whites and other persons,
however. At birth, whites have an
expectation of disability of about
one-half year shorter than the re-
mainder of the population. This
differential widens to more than
1 /2 years at age 65. At birth, the
difference in expectation of disabil-
ity (0.7 years) is a relatively small
component of the difference in ex-
pectation of life free of disability
(7.6 years). At age 65, however,
the difference in expectation of
disability (1.6 years) is the
dominant component of the differ-
ence in expectation of life free of
disability (2.2 years) and results in
a difference between whites and
other persons much larger than
that shown by conventional life
expectancies.

Thus, not only is the expectation
of life shorter for persons who are
not white, but the expected dura-
tion of disability of all types is
greater-both absolutely and also
proportionately in relation to
length of life. When bed disability
alone is considered, however, no
substantial differentials between
whites and other persons in ex-
pected duration are observed. Ex-
amination of the disability data
underlying these measures con-
firns that the differences between
whites and other persons in expec-
tation of disability are primarily a
result of differences in the preva-
lence of long-term disability that
is neither bed disability nor insti-

Figure 1. Approximate expectations of life free of disability and of
life free of bed disability for whites and other persons by sex, United
States, mid-1960's
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tutional care. These episodes re-
present the experience of persons
unable to carry on activities such
as work, housework, or school
attendance.

Methods
Data required to compute these

indices are a current abridged life
table and a set of current age-
specific rates for disability days
applicable to the population group
of interest.

Computation of the indices.
Computation of the expectation of
life free of disability is illustrated
in table 3. Computations begin
with the stationary population of
the life table (Lx column). These
figures can be interpreted as the
number of life-years lived in suc-
cessive age intervals among a
cohort of births who experience
during life the age-specific mor-
tality rates observed during the
current year. Within each age
interval the number of life-years
lived is multiplied by the average
fraction of the year persons of that
age group are free of disability.
This factor (I.) is calculated from
current disability rates by the
formula:

I-=1 Wx
365

where w., is the number of days of

disability per person per year in
the interval beginning at age x.
The result of these calculations

is the set of L.t, interpreted as
life-years free of disability in the
given age interval. Values of Tat,
and e t are then calculated in the
conventional manner (10). (The
dagger symbol, t, is used in this
paper to distinguish these weighted
life table values from the corre-
sponding values denoted by the
conventional notation.)
When expectation of life free of

disability, eot, has been obtained
for a given age x, the correspond-
ing expectation of disability can
be calculated as:

where eo is the conventional ex-
pectation of life. This expectation
of disability can be interpreted as
the number of years of disability a
member of the life table cohort
would experience if current age-
specific rates of mortality and dis-
ability prevailed throughout the
cohort's lifetime.
Measurement of disability. The

disability rates (wx) called for in
the aforementioned general for-
mula may be based upon any op-
erational definition of disability
for which adequate data are avail-
able. One could use, for example,
any one of several disability vari-

ables measured by the National
Health Interview Survey such as

restricted-activity days, bed-dis-
ability days, or hospital days (11).
In practice, choice is usually 'lim-
ited by the availability of data and
the need to use a measure which is
meaningful and technically ade-
quate for the objectives in view.

In this paper results are pre-
sented and contrasted using two
alternative definitions of disability.
These definitions were selected be-
cause they are applicable to most
members of the population and
should provide comprehensive
measures of the impact of disease
and injury among the living. The
disability data used were obtained
almost exclusively from surveys
conducted by the National Center
for Health Statistics.
The disability measures used

are based upon the concept of the
total volume of disability, which
is defined and discussed in greater
detail in a forthcoming paper
(4). This concept was developed
to incorporate into a single figure
the duration of all disability-both
long term and short term-ex-
perienced by members of a popu-
lation during a given year. The
total volume of disability esti-
mates used were calculated as the

Table 3. Computation of the approximate expectation of life free of disability (Z. t) for white males,
civilian resident population, United States, mid-1960's

Exact 1965 abridged life Disability Life table values, weighted forAge group initial table values 1 weighting disability'
age factor
x 1 L41.2 L.t Tzt eot

Under 15 -0 100,000 1,457,411 0. 967 1, 409,316 6,252,782 62.515-44 -15 96,767 2,830,657 .964 2,728,753 4,843,466 50.145-64 -45 90,639 1,623,962 .915 1,485,925 2,114,713 23.365-74 -65 65,901 532,960 .802 427,434 628,788 9.575andover - _ 75 *39,665 318,095 .633 201,354 201,354 5. 1

1 Reference 10.
2 For each age group, the weighting factor is

I,= I 3Wz

where w, is the total number of disability days'per person
per year in the designated age group.

3 The dagger symbol, t, is used in this paper to distinguish
weighted life table values from the corresponding values
denoted by conventional notation.
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sum of three component esti-
mates:

1. Days of health care in long-
term institutions, obtained by al-
locating 365 days of disability per
resident to the estimated annual
average number of residents in
institutions providing such care.

2. Days unable to carry on ma-
jor activity among members of the
civilian noninstitutional popula-
tion. These data were obtained by
allocating 365 days of disability
each to the estimated annual av-
erage number of persons having
a chronic condition and also re-
ported as usually unable to carry
on appropriate activities such as
work, housework, or school.

3. Days of restricted activity
(not elsewhere included), derived
from annual estimates for mem-
bers of the civilian noninstitutional
population not included in the
categories previously mentioned.
A day of restricted activity is one
when the person cuts down on his
usual activities because of illness
or injury.
Bed disability measures are

based upon a less comprehensive
concept of disability. All days of
bed disability are included in the
total volume of disability, but days
of disability are not necessarily
days of bed disability. Computa-
tionally, the volume of bed disa-
bility is the sum of two component
estimates:

1. Days of health care in long-
term institutions. These are ob-
tained as previously described.

2. Days of bed disability among
the civilian noninstitutional pop-
ulation. These include all reported
days of care in general service
short-stay hospitals, whether or not
the person is actually confined
to bed on the day in question. Days
of disability outside of hospitals
and institutions are counted as
days of bed disability only when

Figure 2. Approximate expectations of disability and of bed disability
for whites and other persons by sex, United States, mid-1960's
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the person is reported as confined
to bed for more than half the
daylight hours.

Total volume of disability esti-
mates, upon which expectations of
disability are based, include but
greatly exceed the corresponding
estimates of bed disability. Thus,
the approximate lifetime expecta-
tion of disability is 5.3 years at
birth while the corresponding ex-
pectation of bed disability is only
2.0 years (tables 1, 2). The 5.3
year figure is so much larger be-
cause the underlying estimates of
the total volume of days of disa-
bility include two large categories
not counted in estimating the vol-
ume of bed disability days. These
two categories are (a) days un-
able to carry on major activity
excluding days of bed disability
and (b) days of restricted activity
excluding days of bed disability.

Estimates of the components of
these disability measures were de-
rived from data collected by the
survey programs of the National
Center for Health Statistics, sup-
plemented by certain data from
the U.S. Census of 1960. Since it
was not possible to derive each
component for the same year, the
illustrative data shown are labeled
mid-1960's to indicate they are
synthetic estimates based on data
for several different years. Never-
theless, it is felt that the results are
reasonably accurate approxima-
tions applicable to the United
States in mid-decade. Definitions
of terms used in this paper, and a
complete account of procedures
used to estimate the total volume
of disability are soon to be pub-
lished (4).

Discussion
The objective of this mortality-

morbidity index is to measure
change over time in the health
status of the nation as a whole.

Reasons for using mortality and
disability rates as components of
a single index which may serve
this purpose have been discussed
elsewhere (1). If such a combina-
tion of rates for death and dis-
ability is desired, the techniques
described have certain advantages.
Use of the life table model pro-

vides one solution to the problem
of the relative weights to assign
deaths and episodes of disability
when attempting to measure both
phenomena by a single index. The
model is a familiar conceptual tool,
conventionally used in weight-
ing diverse schedules of mor-
tality rates for comparison with
each other. Its elaboration to
permit comparison of disability
rates as well may meet with fewer
objections than would any other
arbitrary equation of a death
to some specific duration of
disability.
The data in this paper only per-

mit comparisons of whites and
other persons and of sex, but the
observed differences in expecta-
tion of disability a r e sizable
enough to indicate the measure is
sensitive to differentials in disabil-
ity experience of a magnitude
likely to occur in present-day pop-
ulations. Since even fractional dif-
ferences in this measure represent
differences of months in the cu-
mulative average experience of
disability in the groups compared,
the measure would seem to be a
meaningful reflection of the im-
pact of disease and injury among
the living.
Although observed differences

in the expectation of disability are
fairly large in absolute terms, they
make a relatively small contribu-
tion to differences cited here in
expectation of life free of disability
at birth. This fact may make it
appear that mortality dominates
comparisons based on the index.

Where large differences in conven-
tional expectations of life exist, as
they do between the sexes and be-
tween whites and other persons
in this country, they obviously will
be a principal component of dif-
ferences in expectations of life free
of disability. But the disability
rates also enter into computation
of expectation of life free of dis-
ability and may widen or narrow
the gap between populations for
which the index is computed. In
the event two populations ap-
proached equality in conventional
expectation of life, they might still
differ substantially in expectation
of disability and this difference
would be reflected in their expec-
tations of life free of disability.

In this sense, the disability com-
ponent emerges as a more promi-
nent component in comparisons
as mortality differences diminish.
This tendency to enhance the role
of disability in comparisons of
health status between populations
with similar mortality levels seems
reasonably analogous to the rela-
tive weight frequently assigned to
risks of death and disability when
one is assessing the importance of
a health problem (1).
A principal, and probably en-

during, disadvantage of these in-
dices is the heavy demands they
make upon available data. Both
conventional life tables and data
on disability must be available for
a population in order to calculate
these measures. At the national
level the required data can be ob-
tained only for the total popula-
tion and a few major population
categories. Lack of data is likely
to preclude application of the in-
dices to States or local areas for
the foreseeable future.

In addition to their data re-
quirements, there are other prob-
lematical aspects of these measures.
Problems in interpreting sex dif-
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ferences in disability resulting from
the criteria of disability used have
already been mentioned. Further
studies are also needed to deter-
mine the sensitivity of the disabili-
ty measures to changes over time.
These problems and other limita-
tions on the indices have been dis-
cussed more extensively in ref-
erence 4.
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The National Center for Health Statistics is con-
sidering several techniques for combining mortality
and morbidity rates into a single index, which might
provide a more adequate measure of changes over
time in the nation's health status. A technique which
weights life table values according to disability time
experienced at each age level and produces meas-
ures of expectation of life free of disability and ex-
pectation of disability is described. Results are
presented using two alternative measures of disa-
bility time experienced by a population during a
year. The two measures are (a) the total volume
of disability, which encompasses all forms of long-
term and short-term disability, and (b) bed disa-
bility, which includes only periods of institutional
confinement and noninstitutional disability involv-
ing bed confinement.

Expectation of disability-free lifetime was about

65 years in the United States in the mid-1960's,
compared with a conventional life expectancy of
about 70 years. The expected lifetime duration of
all forms of disability was approximately 5 years,
2 years of which reflected disability before age 65,
and 3 years was disability experienced by persons
older than 65. Differences between males and fe-
males in expectation of disability are not great,
but differences between whites and other persons
are substantial and favorable to whites.

Expectation of life free of bed disability was
about 68 years, and expectation of bed disability
was approximately 2 years. Of the 2 years expected
bed disability, persons 65 and over account for over
1 year. Differences between males and females in
expectation of bed disability are noticeable and
favorable to males. Differences between whites and
other persons, however, are not substantial.
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