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ABSTRACT

HOW OLD IS OLD?  REVISING THE DEFINITION BASED ON

LIFE TABLE CRITERIA

Frank T.  Denton and Byron G.  Spencer

McMaster University

Sixty-five has long been thought of as the point of entry into “old age.”  We propose a number

of life table criteria for answering the following questions: If 65 was considered appropriate

four decades ago, what is the corresponding age today?  If 65 was (implicitly) a male-oriented

definition four decades ago, as we believe it was, what would have been the appropriate

definition for women at that time, and what is it today?  We address these questions by

applying our criteria to 1951 and 1991 Canadian life tables.
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1. INTRODUCTION

Sixty-five has long been thought of as the point of entry into “old age.”  For decades it has

served as a marker for identifying the “elderly” in studies requiring statistical classification of the

population.  It has served too as the conventional age of mandatory or normal retirement, the

standard age for entitlement to private or public pensions, and the age of eligibility for seniors’

benefits of various kinds -- tax benefits, seniors’ discounts on retail purchases and public

transportation fares, and so on.  Sixty-five has been accepted as the commencement of the “golden

years,” to use a common euphemism.

Human aging is, of course, a continuous process, and the definition of “old” is unavoidably

arbitrary, although necessary for some purposes.1  We have no quarrel with that.  What we are

concerned with is how reasonable 65 remains as a definition.  Mortality rates have fallen in the past

several decades and life expectancies have risen, suggesting that a definition that could have been

considered appropriate forty years ago, say, by some criterion or other, may no longer be appropriate

by the same criterion.  We address that issue by comparing Canadian life tables for 1991 with those

of 1951.  Questions we are interested in  are the following:  (1)  If 65 is taken as a definition of old

age in Canada  in 1951, according to some criterion, what is the corresponding age in 1991?  (2)
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To what extent does the age in 1991 that corresponds to 65 in 1951 vary when different criteria are

used to establish a correspondence?2

There is another dimension to the problem.  The use of 65 as a conventional definition in earlier

times seems almost certainly to have been associated (implicitly) with considerations relating to

men, and more especially to the working-life patterns of men.  Women in their fifties or early sixties

were a very small fraction of the labour force and retirement was predominantly a male-oriented

concept four decades ago.  If one accepts 65 as a definition for males in 1951 it is therefore a fair

question to ask whether the same definition would have been appropriate for females at that time,

as well as what the appropriate definitions would be for both males and females in 1991.  We

address that question too.

We define below some alternative criteria for establishing age correspondence and apply the

criteria to the 1951 and 1991 life tables.  We then display and interpret the results, and draw

inferences about appropriate changes in the definition of old age over the forty-year period.3

The life tables that we use are period tables (Dominion Bureau of Statistics 1960, Statistics

Canada 1995).  Cohort tables would be preferable but a cohort table for 1991 would require the

projection of mortality rates for more than three decades into the future.  The age correspondence

calculations would then depend heavily on the projections, the accuracy of which could not be

known.  Using period tables means in practice that increases in mortality rates along the age path

are overstated to some extent from a cohort point of view since the rates for all ages have been

falling through time.  However, the rates are overstated for both 1951 and 1991, and that provides

an offset.  While there is no reason to think that the offset is complete, it does imply that the age

correspondence results are likely to be affected less than one might think at first glance.  In any
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event, the use of period tables is unavoidable for our purposes.

2. CRITERIA FOR AGE CORRESPONDENCE

We provide formal definitions of several alternative criteria.  The correspondence calculations

require that age be treated as a continuous variable and we define the criteria accordingly.  The life

table data relate to discrete (single year) ages and the continuous functions associated with the

various criteria are estimated by search and interpolation procedures.  The interpolation between

consecutive single ages is linear in all cases except for modal years of life remaining, for which a

quadratic procedure is used, as discussed below.

Mean years of life remaining: This is a commonly used criterion.  (See, for example, Siegel 1993,

Ch. 1.)  Let  denote the number of survivors at exact age  of an initial cohort, under mortality

regime , where  indicates sex and year (females in 1991, for example).  Let regime  be

designated as a reference regime and let  be the specified age of entrance into old age for that

regime (age 65 for males in 1951, say).  The age of entrance into old age for regime  is then the

value of  that solves

(1)

where  is the oldest age at which there are any survivors under either regime.  Equation (1) can be
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written more simply as  where  denotes the life expectation function.  The solution

is thus the age at which the expectation function under regime  is equal to the value of the

expectation function at age  under regime .4

Mean as a proportion of years already lived:  This criterion is based on the mean number of years

of life remaining as a proportion of the number already lived at the point of entrance into old age.

It is thus the value of  that solves

(2)

Median years of life remaining:  The median years of life remaining at age  is 

where  denotes the inverse survivor function.  The age of entrance into old age under regime 

is thus found by solving

(3)

Modal years of life remaining:  The mortality function is the negative of the first derivative of the

survivor function  and its distribution is unimodal over the range of interest.  Let  denote the

negative of the second derivative function:  .  The modal age at death is found

by solving  and the modal number of years of life remaining at age  is .  The

age at which old age commences under regime  is then given by

(4)

In practice our computation of a modal age involves locating the integer age interval for which the

number of deaths is greatest, fitting a quadratic function to the numbers of deaths in that interval and
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the two adjacent ones, and setting the mode equal to the age at which the quadratic function attains

a maximum.

Total years remaining as a proportion of the total remaining at some earlier age:  Let  be some

earlier age and consider the number of years of life remaining at the onset of old age as a proportion

of the total number of years remaining at .  The age at which old age begins under regime  is

now the value of  found by solving

(5)

In practice we do the calculation for  = 0, 5, and 25.5  

k-year survival rate:  The survival rate over a span of k years, commencing at age , is

.  The age of entry into old age under regime  is thus determined as the value of 

that satisfies

(6)  = 

We calculate  for  = 5,  10, 15, and 20.

k-year survival rate conditional on living at least c years:  The population at any age includes people

who are in poor health and people who are in good health.  Let the population of age  then be
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divided into two groups, frail and robust, and consider intervals and .  The groups are defined

so that over the interval , members of the frail group will die with probability 1 and members of

the robust group with probability .  The population at age  will therefore consist only of

survivors who were in the robust group at age .  The probability  that a member of the robust

group will survive to , is not observable but the conditional probability of surviving to ,

given that a member survives to , is observable:  it is simply the unconditional probability of

surviving from  to  for the population as a whole, and that is .  Thus it is

possible to derive a characteristic of the robust group even though that group is not observable and

no separate life table is available for it.  Using the conditional survival rate as criterion,  is now

found by solving

(7)

for chosen values of and .  In practice we do the calculation for c'3, k'10 and c'5, k'15.

Slope of mortality rate curve over next  years:  Let the mortality rate at age  be

.  At older ages the  function has a continuously positive second derivative

and that suggests the slope of the function as a criterion for identifying the point of entry into old

age.  Let  denote the slope of a line fitted to the function over the interval  to 

by minimizing

(8)  = 
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where  is the point on the line that approximates the mortality rate function at age .

(Minimization of  is just the least squares fitting criterion for a continuous variable; in

practice, of course, lines are fitted using discrete (single age)  values and the value of b for

continuous is estimated by interpolation.)  The age of entrance into old age under regime  is the

value of  that solves

(9)

for some chosen .  Our choices for  are 10 and 15 years.6

Old years as a proportion of total years remaining at some earlier age -- fuzzy definitions:  “Old”

is essentially a vague concept, although for practical purposes a precise definition may be required.

We take account now of the essential vagueness by drawing on the theory of fuzzy sets (Kandel

1982, Ch. 2, for example) and introducing a membership function  defined on the interval

, and representing the “degree” to which a person of age  belongs to the “old” set.

 then represents the “degree” to which a person belongs to the “non-old” set.)7  
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For given , the median of the function, the surviving old population is then given by 

(10) Old = 

where  is the youngest age at which .  The criterion for determining the point of

entrance into old age is the ratio of expected years of life in old age to expected years at some earlier

age .  (In practice we set  5 to avoid the effects of early-childhood mortality.)  Establishing

correspondence with the reference regime requires finding the value of  that solves

(11)

where  is now defined as the youngest age at which both membership functions are positive.

The choice of a form for the membership function is somewhat arbitrary.  We require that it rise

from 0 to 1 over a 10-year interval and we consider two forms.  The first is linear.  The second is

a cumulative normal distribution function truncated at two standard deviations on each side and

adjusted to force it to 0 and 1 at the ends of the 10-year interval.  The location of the membership

function is determined by , and again there are two definitions, depending on how the relationship

between fuzzy and precise definitions of old age is viewed.  To take the male 1951 regime as an

example, under the first definition 65 would be the end point of the 10 year interval (the age at
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which the membership function attained a value of 1, implying that everyone is old at 65), and 

would be 60.  Under the second definition, 65 would be the midpoint of the membership function

(half old, half not old), and  would be 65.  We refer to the two definitions as the endpoint and

midpoint definitions.  There are thus four combinations:  two functional forms and two locational

definitions for each.  We do the calculations for all four combinations, which we label as follows:

Fuzzy definition   I: linear function, endpoint locational definition

Fuzzy definition  II: cumulative normal function, endpoint locational definition

Fuzzy  definition III: linear function, midpoint locational definition

Fuzzy definition IV: cumulative normal function, midpoint locational definition

3. TWO UNACCEPTABLE CRITERIA

We note, in passing, two criteria that might be considered for establishing age correspondence,

but which are clearly unsatisfactory.  The first is the oldest k percent of the population.  One would

calculate the percentage of the census population 65 years of age or over in 1951 and then find the

age in 1991 that gave the same percentage for the census population of that year.  The problem with

that criterion is that it is based on the characteristics of the population as a whole.  The definition

of old would be determined by the population age distribution, which in turn would be affected by

the history of fertility and migration, as well as mortality.  Moving the age boundary would define

away the issue of population aging completely:  the proportion old would always be constant.  Only

in comparisons of closed stationary populations would the criterion make sense.8

The second unacceptable criterion is the age of retirement.  The age of retirement would be a

poor criterion for women in any event, given the low female labour force participation rates in

earlier decades.  But even for men it is a poor criterion.  In the early 1950s the participation rate in
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Canada for men 55-64 years of age was a little under 90 percent; by the early 1990s it had fallen to

a little over 60 percent.  One would have to revise the age of entry into old age downward, and very

sharply, to find a match in 1991 based on a labour force participation or mean age of retirement

criterion.  That would obviously be unrealistic.

4. RESULTS OF THE CALCULATIONS

The results of applying the criteria proposed in section 2 to the 1951 and 1991 Canadian life

tables are presented in Tables 1-3.  Table 1 provides nineteen calculations of the age of entry into

old age in 1991 for males corresponding to age 65 in 1951.  Table 2 does the same for females, again

using 65 in 1951 as the reference point.  Table 3 provides some further calculations for females:

using males of age 65 in 1951 as the reference point, the corresponding ages for females in both

1951 and 1991 are calculated.  Different criteria produce results that differ in some degree, of

course, and summary measures are provided for the columns of the three tables in the form of means,

medians, and ranges calculated over all entries.  Means and ranges calculated by excluding the two

highest and two lowest entries in each column are provided also, to eliminate the effects of extreme

values.

Consider first Table 1.  The ages in 1991 corresponding to 65 in 1951 range from 67.69 to 68.94,

with a mean of 68.42 and a median of 68.48.  Eliminating the two highest and two lowest entries in

the 1991 column has virtually no effect:  the mean of the truncated set is 68.46 and the median, of

course, remains the same.  Roughly speaking the table suggests that if 65 was accepted as the age

of entry into old age in 1951 for males, the corresponding age in 1991 should be about 3½ years

older.

The range of variation across the calculations is somewhat greater for females, as shown in
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Table 2; from lowest to highest it is 2.05 years, or 1.57 years when the four extreme values are

dropped.  The median and the two means are in close agreement, though, and it seems reasonable

to interpret the results as implying that if 65 was the definition of old for women in 1951, the

corresponding age in 1991 should be about 71.   On that basis the old age threshold for women

increased by some 6 years over the 40 year period, compared with the 3½ years that we infer for

men.

The advantage held by women is even greater if one adopts the view that 65 as being old in 1951

was a male-oriented definition.  The results in Table 3, where 65 for males in 1951 is taken as the

reference point, suggest that the age 65 definition was already too young for women in 1951.  An

entrance age of about 67½ would have been more appropriate in that year, and by 1991 the

corresponding age would have been 73 or 73½.

5. SUMMING UP

Our aim in this paper has been to investigate the implications of changes in Canadian life table

probabilities for the definition of old age over the four decades from 1951 to 1991.  We have

proposed a range of criteria, and while different criteria produce different results they point to a

consensus along the following lines:  (1) If 65 was accepted as a definition of old in 1951 for males,

the definition should be revised to about 68½ in 1991.  (2)  If 65 was accepted as a definition of old

in 1951 for females, then 71 should be the corresponding definition in 1991.  (3)  If 65 is viewed as

a male-oriented definition of old in 1951, the corresponding definitions for females should be about

67½ in 1951 and 73 or 73½ in 1991.

As a practical matter it will be inconvenient for many purposes to have different definitions for

men and women.  If a single definition is required, and especially if the definition must be restricted
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to five-year intervals, for statistical convenience, then 70 is the obvious choice for the 1990s.  If

mortality rates continue to fall, as history suggests they will, the definition may need further revision

in the future.  Analyses of population aging should recognize that a constant definition of “old” is

unrealistic for comparisons over long periods, and at the very least should consider age-sex

distributions within the older population, whatever may be the definition chosen as the lower bound

for that population.
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1. Aging may be viewed in various ways.  McPherson (1983, Ch.1) distinguishes and provides a

good discussion of four major types of aging: chronological, biological, psychological, and

social.

2. The use of 65 as a marker for “old age” is so common and of such long standing that detailed

documentation is hardly necessary.  That it was common four decades ago is evidenced, for

example, by its use in analyses of age-distribution data from the 1951 Canadian census of

population, as reported in Dominion Bureau of Statistics (1956).  The cautious official writing

style precluded the use of terms such as “old” or “elderly” that might give offence but the

discussion left no doubt as to the implication of focusing on the population 65 and over: in one

place that group is referred to as “people in the retirement and pensionable ages” (p.57); in

another it is referred to as the “older age group” (p.61).

3. We note that measures suited to address questions pertaining to individual age, which is what

we are concerned with, are not the same as those appropriate for the study of population aging;

Shryock, Siegel, and Associates (1980) review measures suitable for the latter purpose.

4. Uhlenberg (1987), who uses this measure, describes it as a “fixed limit to the span of old age”

(p.75).

5. Uhlenberg (1987) considers a variant of this measure by defining old as the age at which 25

percent of life expectancy at age 20 remains (p.76).

6. Kii (1982) uses the slope coefficient from a regression line fitted to a census population age

“pyramid” (both sexes combined) as an index of population aging.  That application is, of

course, different from ours, which relates to the slope of the mortality rate function, and to the

individual aging process.

FOOTNOTES
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7. An alternative interpretation of the membership function is that it represents the proportion of

people in a cohort who would be considered “old” at age x by some criterion -- a physiological

criterion, perhaps -- rather than the degree of membership of an individual at that age.  The idea

that an individual can belong to both the “old” and “non-old” sets is more consistent with the

concept of a membership function in the theory of fuzzy sets but for our purposes the two ways

of viewing the function lead to the same results.

8. Uhlenberg (1987) proposed two variants of this criterion.  In one, “old” would be defined as

the age exceeded by some specified proportion of the total population; in the other it would be

defined as the age exceeded by a specified proportion of the adult (20 and over) population

(p.76).  While such measures may have been appropriate for Uhlenberg’s purposes they are not

appropriate for establishing the correspondence between individual ages at different times,

independent of the overall age distribution.
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TABLE 1: AGE OF MALES IN 1991 EQUIVALENT TO AGE 65 IN 1951, BASED ON ALTERNATIVE CRITERIA

Criterion
Criterion Age at which criterion value achieved

 value 1951 1991 Difference
1. Mean years of life remaining 13.31 65 68.64 3.64
2. Mean as % of years already lived 20.48 65 67.76 2.76
3. Median years of life remaining 13.02 65 68.58 3.58
4. Modal years of life remaining 12.59 65 68.62 3.62
5. Total years remaining as % of total at birth 13.21 65 68.55 3.55
6. Total years remaining as % of total at age 5 14.23 65 68.48 3.48
7. Total years remaining as % of total at age 25 20.48 65 68.06 3.06
8. 5-year survival rate 0.8360 65 68.94 3.94
9. 10-year survival rate 0.6356 65 68.65 3.65

10. 15-year survival rate 0.4101 65 68.56 3.56
11. 20-year survival rate 0.2053 65 68.56 3.56
12. 10-year survival rate conditional on living at least 3 0.7017 65 68.53 3.53
13. 15-year survival rate conditional on living at least 5 0.4906 65 68.46 3.46
14. Slope of mortality rate curve:  next 10 years 0.003649 65 67.69 2.69
15. Slope of mortality rate curve: next 15 years 0.004879 65 68.12 3.12
16. Old years as % of total at age 5:  fuzzy definition I 20.04 65 68.39 3.39
17. Old years as % of total at age 5:  fuzzy definition II 20.00 65 68.40 3.40
18. Old years as % of total at age 5:  fuzzy definition III 14.36 65 68.47 3.47
19. Old years as % of total at age 5:  fuzzy definition IV 14.30 65 68.47 3.47

Mean, all criteria -- 65 68.42 3.42
Median, all criteria -- 65 68.48 3.48
Range, all criteria -- -- -- 1.25
Mean, excluding two highest and lowest values -- 65 68.46 3.46
Range, excluding two highest and lowest values -- -- -- 0.58
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TABLE 2: AGE OF FEMALES IN 1991 EQUIVALENT TO AGE 65 IN 1951, BASED ON ALTERNATIVE CRITERIA

Criterion
Criterion Age at which criterion value achieved

 value 1951 1991 Difference
1. Mean years of life remaining 14.97 65 71.39 6.39
2. Mean as % of years already lived 23.02 65 69.91 4.91
3. Median years of life remaining 14.99 65 71.55 6.55
4. Modal years of life remaining 15.82 65 71.67 6.67
5. Total years remaining as % of total at birth 15.96 65 70.49 5.49
6. Total years remaining as % of total at age 5 17.12 65 70.38 5.38
7. Total years remaining as % of total at age 25 24.07 65 69.77 4.77
8. 5-year survival rate 0.8815 65 71.82 6.82
9. 10-year survival rate 0.7143 65 71.65 6.65

10. 15-year survival rate 0.4993 65 71.55 6.55
11. 20-year survival rate 0.2750 65 71.41 6.41
12. 10-year survival rate conditional on living at least 3 0.7647 65 71.60 6.60
13. 15-year survival rate conditional on living at least 5 0.5665 65 71.49 6.49
14. Slope of mortality rate curve:  next 10 years 0.003275 65 71.24 6.24
15. Slope of mortality rate curve: next 15 years 0.004432 65 71.24 6.24
16. Old years as % of total at age 5:  fuzzy definition I 23.16 65 70.08 5.08
17. Old years as % of total at age 5:  fuzzy definition II 23.13 65 70.08 5.08
18. Old years as % of total at age 5:  fuzzy definition III 17.21 65 70.36 5.36
19. Old years as % of total at age 5:  fuzzy definition IV 17.18 65 70.37 5.37

Mean, all criteria -- 65 70.95 5.95
Median, all criteria -- 65 71.24 6.24
Range, all criteria -- -- -- 2.05
Mean, excluding two highest and lowest values -- 65 70.99 5.99
Range, excluding two highest and lowest values -- -- -- 1.57
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TABLE 3: AGE OF FEMALES IN 1951 AND 1991 EQUIVALENT TO MALE AGE OF 65 IN 1951, BASED ON ALTERNATIVE CRITERIA

Criterion

Age at which criterion value achieved

Criterion
value

Males 1951
(M51)

Females 1951
(F51)

Females 1991
(F91)

Difference

F51-M51 F91-M51 F91-F51

1. Mean years of life remaining 13.31 65 67.40 73.81 2.40 8.81 6.41
2. Mean as % of years already lived 20.48 65 66.85 71.82 1.85 6.82 4.97
3. Median years of life remaining 13.02 65 67.57 74.07 2.57 9.07 6.50
4. Modal years of life remaining 12.59 65 68.23 74.90 3.23 9.90 6.67
5. Total years remaining as % of total at birth 13.21 65 67.66 73.26 2.66 8.26 5.60
6. Total years remaining as % of total at age 5 14.23 65 67.60 73.11 2.60 8.11 5.51
7. Total years remaining as % of total at age 25 20.48 65 67.26 72.24 2.26 7.24 4.98
8. 5-year survival rate 0.8360 65 68.47 75.09 3.47 10.09 6.62
9. 10-year survival rate 0.6356 65 67.85 74.40 2.85 9.40 6.55

10. 15-year survival rate 0.4101 65 67.40 73.86 2.40 8.86 6.46
11. 20-year survival rate 0.2053 65 67.02 73.35 2.02 8.35 6.33
12. 10-year survival rate conditional on living at least 3 0.7017 65 67.62 74.15 2.62 9.15 6.53
13. 15-year survival rate conditional on living at least 5 0.4906 65 67.15 73.57 2.15 8.57 6.42
14. Slope of mortality rate curve:  next 10 years 0.003649 65 65.95 72.23 0.95 7.23 6.28
15. Slope of mortality rate curve: next 15 years 0.004879 65 65.94 72.17 0.94 7.17 6.23
16. Old years as % of total at age 5:  fuzzy definition I 20.04 65 67.58 72.81 2.58 7.81 5.23
17. Old years as % of total at age 5:  fuzzy definition II 20.00 65 67.58 72.82 2.58 7.82 5.24
18. Old years as % of total at age 5:  fuzzy definition III 14.36 65 67.59 73.07 2.59 8.07 5.48
19. Old years as % of total at age 5:  fuzzy definition IV 14.30 65 67.59 73.09 2.59 8.09 5.50

Mean, all criteria -- 65 67.38 73.36 2.38 8.36 5.98
Median, all criteria -- 65 67.58 73.26 2.58 8.26 6.28
Range, all criteria -- -- -- -- 2.53 3.27 1.70
Mean, excluding two highest and lowest values -- 65 67.45 73.32 2.45 8.32 6.02
Range, excluding two highest and lowest values --  -- -- -- 1.00 2.17 1.32
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