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FOREWORD

Life table techniques are very useful in the joint analysis of morbidity
and mortality phenomena which can be viewed in cohort terms. Frequently,
however, the available data do not satisfy the data needs specified by the life
table models and assumptions are required. In this instance, we wished to
estimate dentulous longevity which depends on mortality as well as on the
incidence of edentulousness, the condition of having lost all of one’s natural
teeth. However, the mortality and morbidity statistics needed to estimate
dentulous longevity were only partly available.

We were particularly interested in comparing the sexes with respect to
the lengthening of their recent dentulous longevity. Morbidity data were
available for two periods, 1957-58 and 1971, from the Health Interview
Survey. During each period, the edentulous prevalence rate was lower for
males than females, and between the two periods there was a substantial
reduction in the prevalence of edentulousness for each sex. The mortality
picture was somewhat different. During 1957-58 and 1971, mortality rates
were lower for females than for males, and between the two periods the
reductions in the mortality were less for males than for females.

This report presents selected functions of abridged edentulous life tables
for 1971 and 1957-58. Life table statistics are presented for males, females,

and for the combined sexes. The major findings with respect to dentulous -

longevity are summarized in table D on page 4 . Thus, the average remaining
dentulous lifetime (average length of life without having lost all of one’s
natural teeth) at age 20 increased by more than 2 years between 1957-58
and 1971. During the same period, the average remaining lifetime at age 20
increased by 1 year. The average remaining dentulous lifetime was greater for
females than for males during both calendar periods but the difference was
greater during the latter period, indicating that females experienced greater
gains than males in dentulous longevity between the calendar periods.
Calculating dentulous longevity required two kinds of data which were
not available, namely, age-specific incidence rates of edentulousness and age-
specific mortality rates for the edentulous and for the dentulous popula-
tions. The problems were resolved as follows. The incidence rates of edentu-
lousness were obtained (appendix III) essentially by differencing the
age-specific prevalence rates which were available from the National Health
Interview Survey. (Fortunately, the prevalence rates of edentulousness in-
creased montonically with advancing age.) With respect to the unavailable
mortality data, it was assumed that dentulous and edentulous persons are

ifi



subject to the same rates. Whether or not these assumptions are viable de-
pends somewhat on the analytical objectives. If the primary objective is to
compare sex differences in the lengthening of dentulous longevity, the as-
sumptions are probably more tolerable than if the objective is to estimate
the length of dentulous life per se.

The principal justification for estimating dentulous longevity was meth-
odological rather than substantive. We hope that this demonstration will
stimulate applying life table techniques to other morbid conditions than
edentulousness. It is noteworthy that the life table model used in this report
is applicable to many kinds of morbid conditions, such as permanent impair-
ments and chronic conditions, from which there is no chance of recovery.
The mortality and morbidity statistics that would be required are not likely
to be available for any of these morbid conditions, however, and it is doubt-
ful that the assumptions that were made to overcome the problem of un-
available edentulous data would be appropriate for most other morbid
conditions. Therefore, other kinds of assumptions would have to be devised.

Life table statistics presented in this report are subject to sampling errors
and nonsampling errors. They are subject to sampling errors because the
Health Interview Survey, the source of the edentulous prevalence rates is a
sample data system. Sampling errors of the prevalence rates and procedures
for calculating sampling errors of life table statistics are presented in appen-
dix II. The life table statistics are subject to nonsampling errors including
measurement errors and errors due to the unavailability of specified mortal-
ity and morbidity data on edentulousness. Although estimates of nonsam-
pling errors are not presented in this report, there can be little doubt that
they would be larger than the sampling errors.

Morroe G. Sirken, Director,
Office of Statistical Methods
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UNITED STATES LIFE TABLES
BY DENTULOUS OR EDENTULOUS CONDITION,

1971 AND 1957-58

T. N. E. Greville, Ph.D. Office of Statistical Methods

INTRODUCTION

Data on edentulousness, the condition of
having lost all of one’s natural teeth, have been
obtained through the Health Interview Survey of
the National Center for Health Statistics on two
occasions, in 1957-58! and in 1971.2 By com-
bining these data with life tables for comparable
periods, one can estimate the probability that a
dentulous person (that is, still having at least one
natural tooth) at a specified age will be still alive
but edentulous at a subsequent age. One can also
estimate, for a dentulous person at a stated age,
the division of the average remaining years of
life into dentulous and edentulous years. It is
the purpose of this report to present the results
of such calculations. The comparison of the re-
sults for the two time periods is of particular
interest.

HISTORICAL SURVEY

In 1943, Klein® published life tables for teeth,
based on data collected by the Committee on the
Costs of Medical Care and the Public Health Ser-
vice and reported by Collins.* The underlying
data provided the number of natural teeth pres-
ent in the mouth of each respondent, and the
values in the tables were average numbers of

teeth remaining at successive ages. Thus these
were life tables for teeth, not for persons.

From a survey of all dental practitioners,
Evans and Cellier® obtained information on all
extractions performed in South Australia during
a 3-week period in November 1966. From these
data they estimated incidence rates of edentu-
lousness by age and sex.

Incidence rates like those developed in the
Australian study appear to be a prerequisite for
constructing the kind of tables appearing in the
present report. Because only prevalence rates
were available (and not incidence rates), it was
necessary to make certain artificial assumptions
which will be described later.

Although data on prevalence of edentulous-
ness have also been obtained from the Health
Examination Survey® of the National Centerfor
Health Statistics, it was preferred to utilize the
data from the Health Interview Survey because
they are based on a much larger sample of re-
spondents and they also provide an interesting
comparison, having been obtained on survey
dates 13 years apart. Table A suggests that the
findings of the Health Examination Survey are
consistent with the data of the Health Interview
Survey utilized in this report, even though data
for exactly comparable age intervals are not
available from the two surveys.



Table A. Prevalence rates of edentulous-
ness per 100 persons from different
surveys, by sex: United States

. Health
Health Interview Examination

Surveys, ages Survey,
Sex 15 and over ages 18-79

1971 1957-58 1960-62

Rate per 100 persons
Both

sexes-- 15,7 18.9 18.1
Female-=-- 16.8 20.0 19,7
Male~===== 14,5 17.6 16,5

INTERPRETATION
OF THE TABLES

General Assumptions

It has already been stated that in order to
construct the kind of tables presented in this
report when only prevalence rates of edentulous-
ness (and not incidence rates) were available, it
was necessary to make certain artificial assump-
tions. In general terms, it was assumed that the
prevalence rate of edentulousness in a given age
interval in the hypothetical stationary popula-
tion associated with the life table? is the same as
in the actual sampled population, and further
that age-specific mortality rates are the same for
dentulous and edentulous persons. One would
expect that neither assumption is in accord with
actual facts. The current prevalence of edentu-
lousness in a given cohort depends in a compli-
cated way upon the previous history of the
cohort, and it is clear from the data of the three
surveys as shown in table A that the incidence of
edentulousness has declined markedly in recent
years. As to the second assumption, it is likely
that loss of all teeth is negatively correlated with
the general state of health. Therefore the values
in the tables must be regarded as rough approxi-
mations.

A more technical discussion of these assump-
tions and detailed description of the methodol-
ogy employed are found in appendix I. Appen-
dix II concerns the sampling variability of the
prevalence rates of edentulousness and the nu-
merical quantities calculated from them. Appen-
dix IIT contains a technical discussion of the
incidence rates implied by the assumptions used.

Survival Rates and
Transition Probabilities

Tables 1 and 2 show the number of survivors
at the indicated ages in a hypothetical life-table
cohort starting from 100,000 births, subdivided
by dentulous and edentulous condition. Table 1
is based on 1971 prevalence rates of edentulous-
ness from the Health Interview Survey and on
1971 life tables.” Table 2 is based on 1957-58
prevalence data and 1958 life tables.®

The following illustration will help to clarify
the way in which the values in these tables may
be interpreted. By table 1, the proportion of
females alive at age 25 who survive to age 55 is
89,291+ 97,081 = .91976. Under the assump-
tion previously stated, this value applies
equally to dentulous and edentulous females.
Therefore the number of survivors to 55 of the
1,631 who were already edentulous at 25 is
1,6831x.91976 = 1,500. The remaining
21,894 — 1,500 = 20,394 edentulous females at
age 55 are survivors of the 95,450 who were
dentulous at 25. Thus if we choose to interpret
such ratios as probabilities, the probability that

Table B, Indicated probabilitlies that a
dentulous person atage 20 will be alive
but edentulous at ages shown by sex,
based on 1971 prevalence rates and 1971
life tables: United States

Both
Age sexes ||Female | Male
Probability
45 yearsem===n-= - .115 .128 .103
55 yearse-emeen« 210 $222 .198
65 yearseemmacaw .283 .308 .257
75 yearSeewwmaan 273 « 344 «205




Table C. Indicated probabilities that a
dentulous person at age 20 will be alive
but edentulous at ages shown by sex,
based on 1957-58 prevalence rates and
1958 life tables: United States

Both
Age sexes Femalg Male
Probability
45 yearSeeecasmaa 145 .152 .136

.261 .281 <239
.341 .391 <293
.293 .372 .223

a dentulous female aged 25 will be alive but
edentulous at 55 is 20,394 + 95,450 = .214.

Tables B and C show the indicated probabili-
ties, on the basis of 1971 and 1957-58 data,
respectively, that a dentulous person at age 20
will be alive but edentulous at the ages shown.

The probability that a person now dentulous
at a given age will survive to a subsequent age
but become edentulous may be regarded as the
product of two probabilities: The probability of
survival and the probability of being edentulous
if alive at the subsequent age. In every instance
the survival rate for females is greater than for
males, and in all but a few cases the prevalence
rate of edentulousness is also greater for females.
Consequently, every probability for females in
tables B and C is greater than the corresponding
value for males.

In general, up to age 65 the increase with age
in the prevalence rates of edentulousness is more
rapid than the decrease in the survival rate from
age 20, while the reverse is true between ages 65
and 75. Therefore in most instances the proba-
bilities in tables B and C increase with advancing
age up to 65 and then decline between 65 and
7b, The exception in the case of females in 1971
is due to the slow decrease in survival rates even
up to age 75.

On the basis of table 1, the probability that
the same dentulous female at age 25 will survive
to age b5 and remain dentulous is simply
67,397 + 95,450 = .706.

Now, the probability that this female will
survive to age 55 regardless of tooth loss is
89,291 + 97,081 =.920. Clearly this must be the
sum of the two probabilities that she will survive
in a dentulous and an edentulous condition.
Thus the probability of edentulous survival to
age 55 could have been calculated more simply
as .920 —.706 = .214. This is the same value
previously obtained.

Expectation of Dentulous and
Edentulous Life

If age-sex specific rates of mortality are the
same for dentulous and edentulous persons, the
same is true of the average remaining lifetime,
also called the expectation of life. However, it is
now possible to subdivide the average remaining
lifetime of a dentulous person into the years to
be spent in the dentulous and the edentulous
state. The resulis are shown in tables 3 and 4,
based on the data of 1971 and 1957-58, respec-
tively. )

It should be noted that in the computation
of the average remaining years of edentulous
life, those persons who never become edentulous
are, in effect, credited with zero years. These
figures would be much larger if only those who
eventually become edentulous were included in
the average.

Because of the greater prevalence rates of
edentulousness for females, the proportion of
edentulous years shown in tables 3 and 4 is con-
sistently greater for females than for males in
both time intervals. For each sex, this propor-
tion is substantially less for 1971 than for
1957-58, except at the oldest ages shown.

Table D compares the total average remain-
ing lifetime and the average remaining dentulous
lifetime at selected ages, by sex, for the two
time periods considered.



Table D. Average remaining lifetime and average remaining dentulous lifetime of a den-
tulous person by age and sex: United States, 1971 and 1957-58

Total Dentulous
Survey period and age b Both
Bot ot
sexes Female | Male sexes Female | Male
1971 Average remaining lifetime in years
20 years===mwmemomemmeecne e mee e 53,2 56.7 49,8 42,0 43,5 40,6
30 yearSeemmmmeemc e —cca e — e e ——n 43,9 47.1 40,8 33.8 35.3 32.4
40 years~m=-mmmccmecaccanrcnnaana- 34,7 37.7 31.7 26,2 27.9 24,6
50 years=~==~seemmca e 26,1 28.9 23.3 19.3 20.8 17.8
60 years=weem-cmccmme e e 18.5 20.6 16.1 14.1 15,2 12,8
70 yearS—===ecmemmmecccm - 12,1 13.4 10.6 9.7 10,2 9.0
1957-58
20 years=-e==cmeee—mccaccncnacaaaa 52,2 55.2 49,4 39,7 40.4 39.1
30 years-~mmececmmm e ———— 42,8 45,6 40.2 31.2 32,0 30.3
40 years=--=cecmmmmcmc e e naaa 33.6 36.2 31,1 23.5 24,2 22,7
50 yearg==smmmocmmmmm e 24,9 27.3 22,7 17.5 18,1 16.9
60 years==--smememcmccccmcomaaaean 17.3 19,1 15.6 12.6 13.3 12.0
70 yearse===-semmccccccccmnanaaaan 11, 12,1 10,1 9.1 9.3 8.7
000
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Table 1, Survivors to stated ages by sex and dentulous or edentulous condition: United

States, 1971

Sex and age Total Dentulous | Edentulous
Both sexes Number
20 yeargee==emremecncccnence e e e e c e — e 96,847 96,527 320
25 years-=-e-m-=sm=----mmmmcemcccc—cmcee—c—cco—anoe 96,146 94,723 1,423
30 yearse=-rme=mmmec—m e e e — e cnm e ————— 95,462 91,892 3, »570
35 years-m--emmro-meccccccamcsccccccmccacoccoao-- 94,659 88,450 6, »200
40 years~emewasmommemcneccmecaee e m e e e ———— 93,499 84,832 8 667
45 yeargmee-emmmumcm e e e 91,781 80,336 11, J4li5
50 years===---e-eccececmocmcmcccccccccmcema e n - 89,234 73,716 15,518
55 years~--=-m---eemmemcem e m e e e mcm e m e m e 85,439 64,874 20,565
60 years--=em=mmmmemem—c e e ce e e e — 80,000 55,088 24,912
65 years=-e=--eerecmcrceccmancecec e e e ce e cca——— 72,326 44,806 27,520
70 years-=-=---=msmmmemcecccncccmoccmocccmccmmcana— 62,482 33,834 28,648
75 yearSememmrmm e e m e c e . 49,841 23,306 26,535
Female
20 yearSee-eemmmmem e m e e e e e eceaceeccm—ae———— 97,440 97,128 312
25 yearS~=-m-mmmcccr e e e e — e ——— . ————— 97,081 95,450 1,631
30 yearS=-===semecemccrecemcmccnmmemmccne e — e 96 664 92,672 3,992
35 yearse====- e e 96, .096 89,196 6,900
40 yearSe-m=mmemmmcmccmcecdcccccemcm e e ——— 95,240 85,392 9,848
45 yearSem-=rmeccccmcecnn e e n e n e — e ————————— 93,933 81,243 12 690
50 yearS-—=-—ecmm-emm s e e e —a— e 92,035 75,432 16,603
55 yearS-—m=-—mcemcm e — e .- 89, 2291 67,397 21,89%
60 yearSe-w=cmememccmccmcmcnan e e e e — -, ————— 85, 2469 58, 1692 26,777
65 YearSe--smcummmeccem e s n e e e ————— 79 951 49 777 30, 174
70 yearse=-wseccceemcccnnmrmnnrn e m e —————— 72,291 39,066 33,225
75 yearSess-smcrmcecmcc e cmcc e n e e e 61,161 27,565 33,596
Male
20 yearS------emsmecemmcnaee e e dde e e — e 96,280 95,943 337
25 yearSee—-meememmom e me e e e e e ————— 95,229 94,020 1,209
30 yearg--=-mesmecccm e e me e —— - 94,280 91,131 3,149
35 years---mrmm—memcomc—mcmcemsesscecmmeeeeee————- 93,223 87,769 5,454
40 yearsm==—emmecom—eccmeecmemmasecemneceeeee———— 91, 1776 84,333 7, V443
45 yearg-=-=-mermeeccmemmeccene e c e m e c e e e e n———— 9 642 79,459 10 183
50 yearS=-=m—=m-mmemacmmc e memea—————— 86, 1435 72,009 14,426
55 YEATS--===mm-mmm—=—mmmmecmeemoammeme—e———————— 81,582 62,345 19,237
60 years---=mmemec-ccmcccamanmossamscsm—meemacee—ean 74 555 51,495 23, >060
65 Y@ATS--—-—e-eecmmmcmcmcacnceemcceecaeaee—————— 64 812 39,911 24 901
70 VearSweesmmmmmremecccescae s s e m e —————— 52, 1974 28,791 24 183
75 yearSemececemcceecscennnesn e r e e e e ———ca . n—- 39, ,004 19,202 19 802




Table 2. Survivors to stated ages by sex and dentulous or edentulous condition: United
States, 1957-58

Sex and age Total Dentulous | Edentulous
Both gexes Number
95,991 95,127} 864
95,400 93,254 2,146
94,785 91,373 3,412
94,003 87,799 6,204
92,900 83,982 8,918
91,191 76,600 14,591
88,578 68,737 19,841
84,524 58,955 25,569
78,792 48,772 30,020
70,791 37,696 : 33,095
59,556 26,562 32,994
46,178 17,848 28,330
96,615 95,745 870
96,280 ~ 93,680 2,600
95,848 91,535 4,313
95,243 88,195 7,048
94,373 84,653 9,720
93,073 77,669 15,404
91,123 70,347 20,776
88,220 60,475 27,745
84,080 50,364 33,716
78,029 39,912 38,117
68,708 29,132 39,576
56,214 20,068 36,146
95,393 94,534 859
94,537 92,883 1,654
93,736 91,299 2,437
92,772 87,484 5,288
91,431 83,385 8,046
89,305 75,597 13,708
86,034 67,193 18,841
80,744 57,409 23,335
60 years~=--mmmcmmme e ceccc e 73,528 47,131 26,397
65 yearsewemewcecnsacananan L m————— - 63,767 35,486 28,281
70 years--w-—memeccme e nc e e e —————— 50,985 24,065 26,920
75 years=w-=w=m=x e e e es e e n e e ——————— 37,115 15,737 21,378




Table 3. Average remaining lifetime of a dentulous person, average remaining dentulous
by sex and age: United

and edentulous years,
States, 1971

and proportion of edentulous years,

Proportion of

Sex and age Total Dentulous | Edentulous edentulous
years
Average remaining lifetime
Both sexes in years
53.2 42,0 11,2 .21
48,6 37.8 10.8 .22
43,9 33.8 10.1 .23
39.3 30,0 9.3 .24
34.7 26.2 8.5 o24
30,3 22,5 7.8 .26
26,1 19.3 6.8 «26
22.1 16.6 5.5 .25
18.5 14,1 4,4 24
15.1 11.7 3.4 .23
12,1 9.7 2.4 .20
9.5 8.0 1.5 .16
Female
20 years--emmm e meme e cmecmmemcca e 56,7 43.5 13.2 .23
25 years-~-c-mrmemeecccccmc e m——ecaa o 51.9 39.2 12.7 24
30 years=-=-=-cmrmmmcmc e cmc—— e 47.1 35.3 11,8 .25
35 years-e--sc-ercmcdocccccaeamae——a- 42 .4 31.6 10.8 .25
40 years----cmceccommmcmcc e ————— 37.7 27.9 9.8 .26
45 yearS=-e-memmm o e e 33,2 24,1 9.1 .27
50 years--r-memecmccmmaccm e o e 28.9 20,8 8.1 .28
55 years-cemmccrmmc e cmm——am——— s 24,7 17.9 6.8 .28
60 years=-ccemcmmm e 20.6 15,2 5.4 .26
65 years=s-eec e e 16.9 12.5 4.4 .26
70 years---mmeme e icmcc e e — e 13,4 10.2 3.2 24
75 years--mesmeemmmcea e —cna—a— 10.4 8.5 1.9 .18
Male

20 years=-memccecct e 49,8 40,6 9.2 .18
25 years---mmseccmcmmemcmmcemme e — e 45,3 36.3 9.0 .20
30 years=vemmeccccmcnmanaa e 40,8 32.4 8.4 .21
35 years--mmccmnccccmuan mm————— e mm——— 36,2 28,5 7.7 .21
40 years----=cmcmmcem e ccemem oo 31,7 24,6 7.1 022
45 year§--=-cmcemcmmmc e 27.4 20,9 6.5 24
50 years-e-m-em e e e mmeme———eea 23,3 17.8 5.5 .24
55 years=-meemmecccreacrnnncemcm e 19,5 15,1 4,4 .23
60 yearsem-mecmmame e ceeccenmaaoa 16.1 12,8 3.3 .20
65 yearS=-—cemmmcmmcamcme e amm oo mae 13.2 10.8 2.4 .18
70 years=--mmmemecccccm e 10,6 9.0 1,6 .15
75 years--memmeecocmcnm e e ——— 8.4 7.4 1.0 .12




Table 4, Average remaining lifetime of a dentulous person, average remaining dentulous

and edentulous years,
States, 1957-58

and proportion

of edentulous yeaxs,

by sex and age:

United

Proportion of

Sex and age Total Dentulous | Edentulous edentulous
years
Average remaining lifetime
Both sexes in years
52.2 39.7 12.5 .24
47.5 35.5 12,0 .25
42.8 31,2 11.6 .27
38,1 27.3 10.8 .28
33.6 23,5 10,1 .30
29,1 20,5 8.6 .30
24,9 17.5 7.4 .30
21,0 15.0 6.0 .29
17.3 12,6 4,7 .27
14.0 10,6 3.4 .24
11.1 9.1 2,0 .18
8.6 7.3 1.3 .15
55.2 40.4 14.8 .27
50.3 36,2 4.1 .28
45,6 32.0 13.6 .30
40,8 28,1 12,7 .31
36,2 24,2 12,0 .33
31.6 21,2 10.4 .33
27.3 18,1 9.2 .34
23,1 15,7 7.4 .32
19.1 13,3 5.8 .30
15,4 11,1 4,3 .28
12,1 9.3 2.8 .23
9.2 7.5 1,7 .18
49,4 39.1 10,3 .21
44,9 34,7 10,2 .23
40,2 30.3 9.9 .25
35,6 26.5 9.1 .26
31,1 22,7 8.4 .27
26.8 19.8 7.0 .26
22.7 16,9 5.8 .26
19,0 14,4 4,6 .24
15,6 12,0 3.6 .23
12,6 10,1 2.5 .20
10.1 8.7 1.4 14
8.0 7.1 0.9 .11




APPENDIX |
TECHNICAL NOTES ON METHODOLOGY

It is the purpose of this appendix to describe
the methodology used in the construction of the
detailed tables.

Source of Data

Data underlying this report are prevalence
rates of edentulousness by sex and age for 1971
and 1957-58 obtained in the Health Interview
Survey? ! and abridged life tables?: 8 for 1971
and 1958. The earlier prevalence rates of eden-
tulousness cover the period July 1957-June
1958, while the annual abridged life tables are
each based on the data of a single calendar year.
A decision was made on a purely arbitrary basis
to use the 1958 (rather than 1957) life tables.
Differences between the life tables of the two
years are negligible.

The prevalence rates utilized in this report
are shown (along with other data) in tables I and
11.

Calculation of Numbers
of Survivors

It was assumed in the calculations that the
prevalence rates by sex and age observed in the
sample apply equally to the life table popula-
tion. Prevalence rates not directly available from
tables I and II were estimated by straight-line
interpolation. In performing this interpolation,
each of the prevalence rates in tables I and II
(except those for the terminal age intervals) was
associated with the midpoint of the interval of
exact ages to which the rate applies. For ex-
ample, the age interval 45-49 (in completed
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years) comprises all exact ages between 45 and
50 and the midpoint is age 47.5. The prevalence
rates in 1971 for exact age 50 (needed in the
calculation of edentulous survivors) was esti-
mated by taking the arithmetic mean of those
for age intervals 45-49 and 50-54. Such prev-
alence rates were estimated for quinquennial
exact ages from 20 to 75, inclusive.

Prevalence rates of 1957-58 were available
from the survey only for the decennial age inter-
vals shown in table II. Rates for quinquennial
age intervals (needed subsequently in the calcu-
lation of average remaining lifetime) were esti-
mated by straight-line interpolation. For
example, the rate for the age interval 45-49
(midpoint 47.5) for females was estimated from
those for intervals 35-44 (midpoint 40) and
45-54 (midpoint 50) by the formula

50~47.5 47.5-40

so-40 (103} + g5575

(22.8)

= .25 X 103 + .75 X 22.8 = 19.675,

In the calculation of prevalence rates of
1957-58 for exact age 75, the age interval 75
and over was treated as being 75-84 (with mid-
point at 80).

Values of £ (number of survivors to age x
of 100,000 live births) were taken directly from
the respective life tables. They were not stand-
ardized to produce a round number at age 20.
The number of edentulous survivors at age x was
obtained by multiplying £ by the appropriate
prevalence rate. The number of dentulous survi-
vors is the total number minus the number of
edentulous survivors.



Table

I, Estimated number and rate per 1,000 population of edentulous persons by sex and age:

United States, 1971

Edentulous persons

Total
Sex and age .
population Rate per
Number 1,000
population
Both sexes .
1
15-19 yearg--wem-umamancao e e EE DL L PR 19,000,939 16,210 10.9
20-24 years-- -| 16,255,280 93,392 5,7
25-29 years --—-| 13,763,688 327,978 23.8
30-34 years-----m-cccmcmcmee e cdme e e eccem—e oo 11,418,812 582,457 51,0
35-39 years-c-memccmm o cmcnee e ————— 10,734,663 857,640 79.9
4044 YeaTSm=mmmmm oo o e oo 11,510,922 1,212,850 105.4
45-49 years=--eammmemmm e cmcemm e 12,094,428 1,740,707 143.9
5054 yeArS-==-cmam e e mm e rdccccmm e —em e ————— 11,151,614 2,274,141 203.9
55-59 years====mcmocmac e me e ccc e e 10,133,703 2,812,180 277.5
60-64 years==emmmmmme oo e 8,383,916 2,894,655 345,3
65-69 YEArS -==sm=mmmmmmmmeommmcmmmemmemam e mmm e ——— 6,881,047 2,860,527 415.7
70-74 years—-—mmccccm e d e c e e 5,163,246 2,587,790 501,2
75=79 Y@ArS=-=mmcmmmmmm oo e o e memma e mm i e ——— 3,835, 244 2,161,329 563.5
80-84 YeArS—=--cmmmmcmcammmecmm e ;e ecc e e ——————————— 2,243,037 1,390,607 620.0
85-89 years--smsesamncm e crccmc e 922,063 624,327 677,1
85 years and OvVere==-=-=ccmmccccccacdcncacceme e nc—c e 1,226,544 819,008 667.7
Female
15219 YEArS-mmmmmmnmmmmmmmmmmmmm o e o m e m e e 9,555,961 7,414 ‘0.8
20-24 yearge==semmmmmcsemaccne o ancc e anc e caee e a 8,795,072 48,685 5.5
25-29 yearg~=-wmmm—comcccmdemc e e e m e cc e e a . ——— 7,110,929 198,880 28.0
30-34 YOATS mmmmm e o e o e 5,925,961 322,774 54,5
35-39 YEArg-mmmmmmmmmmmmmmmm—mm e acm e m——— 5,648,021 502,993 89.1
40-44 yearS--—cmo oo o e ee 5,901,517 693,769 117.6
45-49 Years=--=mmmmmmmmme oo mn oo m e 6,285,786 958,766 152.5
50~54 years-~=cmemammmcm e e cmeenem e ——— 5,823,709 1,213,166 208,3
55-59 years -m-m-weemem e e 5,309,179 1,497,893 282,1
60-64 yeBYS-~=ma—omm e ccc ;e ——— 4,513,193 1,554,982 344,5
65-69 yeArS-=m-emcmmmmcnan e e acan e c e e ———— 3,762,027 1,543,511 410,3
70-74 yearsg---c--mec—m e an e e mme e e e e 2,983,182 1,517,950 508,8
75=79 years —mmmmmem e m e e e e e 2,290,609 1,350,875 589.7
80-84 yearg-mmemmmmccmmcmccnccmce e e e e e amcm— e e ——— 1,369,923 864,271 630.9
8589 YEAYS-w=mmmmmmmmmomammcmmemmmem—am————————————— 554,103 392,203 707.8
85 years and over--=--mmcecem o cccmccmace e ———aa ,—— 752,611 527,841 701.3
Male

TR 9,444,978 18,796 10.9
2024 yearg-—smmemmcccc e e m e c e ———————————— 7,460,208 44,707 6.0
2529 YEATS —mmccmmemammmmmmm e m e ———————— e 6,652,759 129,098 19.4
30-34 years-~--m=scmcmcoccmanmcecccnccmacee e ——————— 5,492,851 259,683 47.3
3539 yeAr§-=mwmccmmmcmm e e e e e — e 5,086,642 354,647 69.7
40-44 yeargeememcmmau- L 5,609,405 519,081 92,5
45-49 yeargemm—mo—mmcmmce g —maan e mmm—— e ——— 5,808,642 781,941 134.6
5054 years---mermummoccmmanemmec e cce e cc e ——— 5,327,905 1,060,975 199.1
55-59 yearse—=—emm-cecmc e e 4,824,524 1,314,287 2724
60-64 yeATS~~=mmuccccmaanmncca e e m e cmesc—ee e cm——————— 3,870,723 1,339,673 346.1
6569 years=-=sm-cmccmmmm e mcc e e ———— 3,119,020 1,317,016 422,3
70-74 years-e=csmmecccam e c e e ————— 2,180,064 1,069,840 490.7
7579 Years~-eewomcommmemmammammmaommmmmemnccam o e ae———— 1,544,635 810,454 524.7
80-84 yearg-m--cecmmemccmcc e e e me e 873,114 526,336 602.8
A Tk o 367,960 232,124 630,8
85 years and over~~r=c-emcccmcmccacnmc e m e 473,933 291,167 614.4

1
Relative standard error is more than 30 percent,

n



Table II. Estimated number and percent of edentulous persons by sex and age: United States, July
1957-June 1958

. Total Edentulous persons
population
S d in
o anc age thousands Nminger Rate per 100
thousands population

Both sexes
5=24 yearse~—mee oo e 21,093 194 0.9
%5-34 S 22,738 812 3.6
35-44 years--—m-—mememmememcecaan 22,918 2,196 9.6
45-54 years—--—-cmmmmcmecceee 19,639 4,390 22,4
55-64 years—---—c-mmmmo e 14,831 5,647 38.1
6574 years--=----cecmmmmcacccnna 9,627 5,329 55.4
75 years and OVer----=ecem o e 4,886 3,287 67.3

Female
15-24 yearsee - e eee 11,292 102 0.9
25-34 ;:ar:-— ---------------------------- 11,880 535 4,5
35-44 years—-=—mmm oo e 11,892 1,228 10,3
45-54 FEATS~——mmmm e e 10,047 2,287 22.8
55=64 years~m e m o mm e ool 7,685 3,082 40,1
65-74 YEATSmmmmm o m o e e e e 5,116 2,947 57.6
75 years and OVer---==c=smm ool 2,755 1,957 71,0
Male

5-24 year§erraemmmcm e 9,801 91 0.9
%5-32 ;Zeal'ig ------------------------------------------ 10,859 277 2,6
3544 years--—-eeemmomm— e e ———— —————— 11,026 968 8.8
45w5b YeATSmn o mmm e e 9,592 2,103 21.9
55=64 yearSmm=— o oo e 7,147 2,565 35.9
65-74 years———-—m e e 4,511 2,383 52.8
75 years and OVEI=--=—mmrmece ;e e 2,131 1,330 62,4

Calculation of Average
Remaining Lifetime

Values of _ L _(number between exact ages x
and x + 5 in the stationary population associated
with the life tables) were subdivided into den-
tulous and edentulous persons by applying ap-
propriate prevalence rates. These values are not
shown in this report. This process is analogous
to the subdivision of £ values described in the
preceding section. For the 1971 data the process
was carried up to age 85. The corresponding
values for the terminal age intervals (Tgs =.. L,
for the 1971 data and T, =L;5 for the
1957-58 data) were similarly subdivided. It will
be convenient to denote the dentulous and eden-
tulous components by superscripts (d) and (e).

12

For each quinquennial age x from 20 to 75,
a value of Tx(d) (the number of dentulous per-
sons in the stationary population at ages x and
above) was obtained by adding to st‘d) the
corresponding values for all subsequent age in-
tervals, including the terminal interval. In other
words, the Tx(d) column on the worksheet is ob-
tained by accumulating the ;L4 column from
the bottom up.

The average remaining dentulous lifetime of
a dentulous person aged x, which is denoted
by é’)(‘d ), was obtained by the formula

8@ = 7@ /o),

The justification for this formula is that the den-
tulous part of the cohort is a “closed” group in



the sense that a person who becomes edentulous
will never again be dentulous.

The second major assumption made in this
report is that age-sex-specific mortality rates are
the same for dentulous and edentulous persons.
This implies that the average remaining lifetime
at age x is the same for dentulous and eden-
tulous persons. In other words, the average re-
maining lifetime for dentulous persons is the
same as that for all persons (of the given age and

sex). Thus if 3)({‘1") denotes the average remain-
ing edentulous lifetime of a dentulous person
aged x this is taken to be
Slde) = g _ 2(d)
X X X
Values of gx were taken from the appropri-
ate life tables.’» 8 Tables 3 and 4 show also

values of 3x(d) and é:fde) which were estimated
in the manner just described.

000
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APPENDIX I
RELIABILITY OF ESTIMATES

Standard Errors of
Prevalence Rates

Since the numerical quantities presented in
this report are based on a sample, they differ
somewhat from the values that would have been
obtained if prevalence rates of edentulousness
had been derived from a complete census. The
tables shown in appendix Iand the chart included
in this appendix are designed to provide measures
of this sampling variability. They do not include
estimates of any biases that might be present in
the data.

Tables I and II show, for each sex-age
category, the estimated number of edentulous
persons, as well as the total population (accord-
ing to estimates of the U.S. Bureau of the Cen-
sus) and the prevalence rate. Figure I is intended
to assist the reader in determining standard er-
rors of the prevalence rates. The values so ob-
tained are, of course, estimates of the standard
errors, but to avoid excess verbiage, they will
henceforth be referred to merely as “standard
errors.” In order to use this graph, one must find
in the appropriate table (table I or II) the esti-
mated number of edentulous persons corre-
sponding to the prevalence rate in question. This
estimated number must be located on the base
line (horizontal axis) of the figure. The corre-
sponding reading on the vertical axis is the rela-
tive standard error (in percent) of this estimated
number and also of the corresponding preva-
lence rate. For example, consider the prevalence
rate of 152.5 per 1,000 population for females
aged 45-49 in 1971. By table I the correspond-
ing estimate of the number of edentulous per-

14

sons is 958,766. The ordinate of the graph in
figure I corresponding to an abscissa of 958,766
is approximately 5.6 percent, or .056, which is
therefore the relative standard error of the prev-
alence rate in question.

The standard error is primarily a measure of
sampling variability, that is, the variations that
might occur by chance because only a sample of
the population is surveyed. The chances are
about 68 out of 100 that an estimate from the
sample would differ from the value obtained in a
complete census by less than the standard error.
The chances are about 95 out of 100 that the
difference would be less than twice the standard
error, and about 99 out of 100 that it would be
less than 2% times as large.

As a further illustration, observe that the
only instances in tables I and II in which preva-
lence rates for females do not exceed the corre-
sponding rates for males (with the exception of
some marginal cases at ages under 25) occur at
ages 60-64 and 65-69 in 1971. One may ask
whether these two exceptions to the general rule
could reasonably be ascribed to sampling varia-
bility.

The following figures extracted from table I
show the number of edentulous persons of each
sex in each of the two age intervals in question:

Female Male
60-64.ceeeeneecicneniercerens 1,544,982 1,339,673
65-69..uueererercnnenccecnes 1,543,511 1,317,016

Entering the chart in figure 1 with these num-
bers, one can read the corresponding relative
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Figure 1. Relative standard errors of numbers of edentulous persons and corresponding prevalence rates.
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standard errors as follows:

Female Male
Percent
2.4 3.0
2.4 3.2

These are also the relative standard errors of the
corresponding prevalence rates. Consequently,
the absolute standard errors of the prevalence
rates per 1,000 population are:

Female Male

Percent
60-64...cccvencriiieeriennnee 8.3 10.4
65-69..cuciereernrenennenees 9.8 13.5

If covariance is ignored, the standard error of
the female minus male difference is the square
root of the sum of the squares of the standard
errors for females and males separately. The dif-
ferences in prevalence rates and the correspond-
ing standard errors are as follows:

Difference in Standard error
prevalence rates  of difference
Percent
60-64...cccceiiiunmannne 1.6 13.3
65-69...cccuicercnrene 12.0 16.7

It is clear that the larger prevalence rates for
males in these two instances could reasonably be
ascribed to sampling variation.

Standard Errors of
Numbers of Survivors

The numbers of edentulous survivors shown
in table 1 are obtained by multiplying life-table
values for the United States population by prev-
alence rates of edentulousness. In most in-
stances, the prevalence rate in question is
obtained by straight-line interpolation between
two consecutive tabular prevalence rates. If the
latter two rates are denoted by m, and 1r and
the interpolated rate by 7 (where the circumflex
accent denotes that the rates are estimates based
on a sample, while its absence denotes the un-
derlying true rates), and if

= tw, + (1-f) 7,
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and further if p, and p, denote the relative
standard errors of m, and 7,, respectively, then
the standard error of T is

p= 7r [£2p2 72 + (1-2)% p2 n? ]"’

if one neglects the covariance of 7, and m,
If ¢t = %, this reduces to

2 .2 2 .21%
=[p1 Ty +p2 172]1.

T, tm,

For example the figure 30,174, which is the
number of edentulous survivors at age 65 for fe-
males in 1971 (table 1), is obtained by multiply-
ing 79,951 by .3774. The prevalence rate of 377.4
per 1,000 used in the latter calculation is the ar-
ithmetic mean of the tabular rates 344.5 and
410.3. The respective standard errors of the latter
rates, obtained from table 1 and figure I by the
method previously described, are 8.3 and 9.8, and
the formula for the case of t = V2 gives 3.4 percent
for the relative standard error of the inter-
polated rate. Thus the standard error of the
number 30,174 of edentulous survivors iz 1.7
percent of 30,174, or 513.

Since the number of dentulous survivors is a
constant less the number of edentulous survi-
vors, the absolute standard error is the same, but
the relative standard error is different—in . this
case 513 + 49,777 = 1.0 percent.

A similar calculation at age 75 gives 672 as
the standard error of the number 33,596 of
edentulous female survivors at that age.

Now, one can observe that for males in 1971
and for each sex in 1957-58 the number of eden-
tulous survivors at age 75 is less than at age 65.
Thus the females in 1971 exhibit different be-
havior in this respect from the other three cate-
gories. Is it conceivable that this exceptional
behavior could be due to sampling variability?
The difference between the numbers at ages 65
and 75 is 3,422 and the standard error of this

difference is approximately

[(618)* + (672)%]* = 845




On the hypothesis that the numbers of eden-
tulous survivors at the two ages are the same in
the total population, the standardized deviate is
3,422 - 845 = 4.05. Thus it is most unlikely that
sampling variability accounts for the exceptional
behavior.

Standard Errors of
Average Remaining Lifetime

The estimation of standard errors of average
remaining lifetimes is more complicated, since
these quantities are quotients of random varia-
bles. First consider the standard error of gi(id),
the average remaining dentulous lifetime of a
dentulous person. Since the sum of %,({d) and
&) s the constant & (see appendix I),
the standard deviations of ¢(d and ¢ (de)
are the same absolute amount.

The procedure for estimating the standard
error of 3x(d) is somewhat complicated and is
most easily explained by reference to a specific
example. Consider, therefore, the estimation of
the standard error of € g‘? for females in 1971.
If 7 denotes the prevalence rate of edentu-
lousness in the age interval between exact ages x
and x + n the formula for 22 can be written

5L75 (1-51r75)+ 5L30 (1'5”30) + Tgs (1 -oo7r85)

2{d)
075 = d
g
7/‘75 - (5”75 slzst sMaoslao T «Tgs 7;5)
= d
2y

Henceforth the relative standard deviation
of  m_is denoted by nPy -

The standard error of the numerator
of é’;g) Is the standard error of the expression

within parentheses in the last expression above
and, ignoring covariances, can be approximated
by

. 2 2 2 2 2 2
ONum = [5p75 57 75 5L75 * 5Pg0 sTso 5Lso

t P WTa T.21% = 12512

The standard exror of the denominator is the
same as that of SZg"s) » which was previously
shown to be 672.

If one denotes the corresponding relative
standard errors by fy,,, and Pp, the relative
standard error of a ratio of two random variables
is approximated by?

2

= p2 2 _
pratio - pNum + pDen 27 Num, Den?

where Ynym, pen denotes the relative covariance of
the numerator and denominator. Inasmuch as a
positive multiple of the denominator is essential-
ly one of the components of the numerator, the
covariance is almost certainly positive, and
therefore

< 2 \%
Pratio = (pzNum + pDen) )

In the present case,

Il

12512/233133 = .05367,

pNum

Poen = 672/27565 = .02438,

and an upper bound to the relative standard er-
ofd :
ror of &@ is
[(.05367)2 + (.02438)2]%* = .0589,

or 5.9 percent. The true relative standard error
of ¢ (7‘? is probably substantially less.

000
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APPENDIX 1l

IMPLIED INCIDENCE RATES

In the methodology used in the construction
of the detailed tables and described in appendix
I, prevalence rates of edentulousness were used
in a makeshift fashion because incidence rates
were not available. This was made possible by
some rather sweeping assumptions described in
the main text and in appendix I. As incidence
rates would seem to be a necessary ingredient
for obtaining the kind of results presented in
tables 1-4, some incidence rates must be implicit
in the assumptions made. Though no actual use
was made of them, it may be of some theoretical
interest to discover what rates these are.

The incidence rate for a condition is usually
defined!? as the number of new cases of the
condition occurring during a specified period of
observation divided by the average population
during the period of observation. Those persons
who already have the condition under study are
not excluded from the population in the denom-
inator. Consider the | L persons who are in the
age interval x to x + n at a given moment. The
number of new cases of edentulousness occur-
ring in this group during the succeeding n years
is, on the assumptions made in this report,

nL)(cc-i?n - an an(C)

The first term is the number edentulous n years
later at ages n years older. The subtractive term
is the number of survivors n years later of those
in the original group who were already edentu-
lous at the initial moment.
Noting that
an:) = 7. L

n xn x

and dividing the number of new cases by L _,
one obtains for the incidence rate

L

n-x+n

(nTrx+n " )
L

n x

One may observe that this expression is the
product of two factors: an n-year survival rate
for the stationary population, and a difference
between successive prevalence rates. This is remi-
niscent of the multiplicative theory of multiple
decrement tables and the associated single decre-
ment tables.!!

It is interesting to note that Klein3 obtained
incidence rates by differencing prevalence rates
without, however, offering any theoretical justi-
fication for this procedure.

If prevalence rates for some morbid condi-
tion (from which recovery is impossible) do not
increase monotonically with age, this would im-
ply negative incidence rates, and the model
would be untenable.

000C
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VITAL AND HEALTH STATISTICS PUBLICATION SERIES

Originally Public Health Service Publication No. 1000

Series 1, Programs and collection procedures.—Repbrts which describe the general programs of the National

Series 2.

Center for Health Statistics and its offices and divisions, data collection methods used, definitions,
and other material necessary for understanding the data.

Data evaluation and methods research.—Studies of new statistical methodology including: experi-
mental tests of new survey methods, studies of vital statistics collection methods, new analytical
techniques, objective evaluations of reliability of collecteddata, contributions to statistical theory,

Series 3. Analvtical studies.—Reports presénting analytical or interpretive studies basedon vital and health

Series 4.

Series 10,

Series 11.

Series 12,

Series 13.

Series 14,

Series 20.

Series 21,

Series 22,

statistics, carrying the analysis further than the expository types of reports in the other series,

Documents and committee reports.—Final reports of major committees concerned with vital and
health statistics, and documents such as recommended model vital registration laws and revised
birth and death certificates.

Data from the Health Interview Survey.— Statistics on illness, accidental injuries, disability, use
of hospital, medical, dental, and other services, and other health-related topics, based on data
collected in a continuing national household interview survey.

Data from the Health Examination Survey.—Data from direct examination, testing, and measure-
ment of national samples of the civilian, noninstitutional population provide the basis for two types
of reports: (1) estimates of the medically defined prevalence of specific diseases in the United
States and the distributions of the population with respect to physical, physiological, and psycho-
logical characteristics; and (2) analysis of relationships among the various measurements without
reference to an explicit finite universe of persons,

Data from the Institutional Population Surveys.—Statistics relating tothe health characteristics of
persons in institutions, and their medical, nursing, and personal care received, based on national
samples of establishments providing these services and samples of the residents or patients,

Data from the Hospital Discharge Survey,—Statistics relating to discharged patients in short-stay
hospitals, based on a sample of patient records in a national sample of hospitals.

Data on health resources: manpower and facilities.—Statistics on the numbers, geographic distri-
bution, and characteristics of health resources including physicians, dentists, nurses, other health
occupations, hospitals, nursing homes, and outpatient facilities.

Data on mortality,.—Varlous statistics on mortality other than as included in regular annual or
monthly reports—special analyses by cause of death, age, and other demographic variables, also

geographic and time series analyses.

Data on natality, marriage, and divorce.—Various statistics on natality, marriage, and divorce
other than as included in regular annual or monthly reports—special analyses by demographic
variables, also geographic and time series analyses, studies of fertility.

Data from the National Natality and Mortality Surveys,— Statistics on characteristics of births
and deaths not available from the vital records, based on sample surveys stemming from these
records, including such topics as mortality by socioeconomic class, hospital experience in the
last year of life, medical care during pregnancy, health insurance coverage, etc.

For a list of titles of reports published in these series, write to: Office of Information

National Center for Health Statistics
Public Health Service, HRA
Rockville, Md. 20852
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