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VITAL STATISTICS RATES IN THE
UNITED STATES, 1900-1940

Chapter 1 .
INTRODUCTION

The year 1940 completes a period of 41 years for which the Bureau
of the Census has compiled and published annual vital statistics re-
ports. Starting with mortality dats for only 10 States and a number
of cities in 1900, the annual publications prepared by the Division of
Vital Statistics have expanded both in detail of tabulation and in
geographic coverage. The collection of birth statistics was initiated
in 1915, and since 1933 data for both births and deaths have been
available for the United States as a whole. The 1940 population
census is particularly significant to vital statisticians, since, for the
first time in the history of the United States, national vital statistics
data and the corresponding population figures necessary for adequate
analysis are both available.

The period from 1900 to 1940, therefore, represents the time during
which the foundation for the existing Nation-wide vital statistics
system was being laid. These years are marked not only by vast
improvements in State and local registration organizations, but also
by a growing recognition of the value of quantitative data on mortality
and natality in the.formulation and administration of public health
and other public welfare programs.

The fuller recognition of the importance of the work of national,
State, and local public and private health agencies has been accom-
panied by a general decrease in the crude death rate, a sharp reduction
in the specific death rates for communicable diseéases, and a great
saving of infant lives. But the solution of some of these urgent health
problems has also served to throw the remaining problems into stronger
relief. Mortality trends now indicate that the efforts of the physician,
the research worker, and the public health officer must be directed at
the ‘whole broad problem of morbidity and mortality at all ages,
whether the cause be communicable or noncommunicable, acute or
chronic. Public health activities are no longer restricted to problems
of sanitation and the control of infectious diseases. A rigid distinction
between preventive and curative medicine no longer exists. These
changing concepts, together with recent developments in related social

1



2 VITAL STATISTICS RATES

~ security and other welfare programs, focus a new interest on the past
history and on the expected future trends of the death rate.

Time trends of the national birth rate also demand study and serious
consideration. Following a general Jownward trend ever since the
first national birth-registration area was established in 1915, the
crude birth rate has recently shown a tendency to become stable or
everr to rise. However, if this interruption of the decreasing fertility
is.only temporary, the Nation will be faced in the not too distant future
with the serious problem of formulating a national population policy
to meet the resulting economic and social problems. The complicated
interdependence of the birth rate and the tempo of the Nation’s
economic and social life is now beginning to receive the study that its
importance warrants, but analysis of this problem has hardly started.
Birth statistics have long been recognized as essential for infant and
maternal medical programs and for the protection of the health of
children. In the future, they will have increasing value in connection
with economic and social questions relating to the growth, distribution,
and decline of certain classes or of the entire American population.

The project of compiling and publishing this volume of vital
statistics rates for the years 1900 to 1940 was planned because it
seemed appropriate to bring together and summarize pasft time trends
and the present status of important mortality and natality rates.
The compilation of such extensive background material is justified
not only because of the historical picture of vital statistics which is
presented but also because the unfolding pattern of the past reveals the
coming problems of the future. As interest in medical and demo-
graphic problems increases, numerous research investigations may be
undertaken In new and wvaried fields of vital statistics. In fufure
studies, however, the years 1900 to 1940 will form the base line in
relation to which problems and trends may be examined. Once com-
piled and presented in a uniform, comparable manner, the vital
statistics rates for the years 1900 to 1940 should become an eszential
aid and guide for health administrators and social analysts for many
decades.

The original plans for this rate volume included sections of basic
tables of crude and specific rates, a graphical presentation of principal’
trends, analytical tables of various mortality and natality indices, a
theoretical discussion of the computation and interpretation of rates
and indices, and a presentation of the theory of sampling errors of
vital statistics rates. Detailed analyses of mortality and natality
trends, cause of death, age at death, age of parents at birth of children,
and of geographic, seasonal, and racial variations in mortality and
‘natality, were also planned. The entrance of the United States into
the present war and the diversion of the professional and clerical staff
of the Division of Vital Statistics to more urgent problems have cur-
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tailed this broad plan. At the time of our éntrance into the war,
however, the basic tables of crude and specific rates had been designed
and the work of their compilation almost completed: Also, the discus-
gion on important factors in the interpretation of vital statistics
tabulations, rates, and indices had been written. The computation
of adjusted rates-or indices, the graphing of mortality and natality
trends, and the analysis of the compiled data, had only been started;
therefore ) they were abandoned, or reserved for some future time.

In the opinion of the authors, the omission of adjusted rates. or
indices and of the analytical text is serious and regrettable. Although
such indices and analyses are interesting and convenient in that they
point out to the reader easily interpretable facts, they are not the
most essential parts of a volume'of vital statistics rates. The most
essential parts of such a.volume are specific rates for cause of death,
age, sex, race, and area, because these are the foundations on which all
correct analyses must be based. Crude rates show the broad changing
picture of mortality and natahty, specific rates must be used for
the accurate study of detail.

The present volume contains a discussion of the basic qualifying
factors of vital statistics, comments on the definition and interpreta-
tion of crude and specific rates, critique and survey of the literature
dealing with various mortality indices, detailed time-trend tables of
mortality and natality, birth and death data for States and smaller
geographic areas for 1940 based on data tabulated by place of resi- -
dence, and population estimates on which all crude-and specific rates
are based. With these “raw materials’’-the biostatistician can pro- °
ceed with his own analyses and studies.

A volume of this type could hardly be planned and prepared without
the help of many persons. There is scarcely a member of the profes-
sional or clerical staff of the Division of Vital Statistics who has not
made some contribution to it. Even employees of many years ago
have done their part in the preparation of numerous unpublished
tabulations. which have now been utilized in the tables given here.

Although under the immediate direction of the authors, the prepara-
tion and publication of this volume of rates must be credited largely
to Dr. Halbert L. Dunn, Chief Statistician of the Division of Vital
Statistics, whose inspirational leadership creates a firm loyalty to
the endless task of developing and improving useful demographic
data. Recognition should bg made of the most competent work of
Miss Myrtle E. Maddox, who was responsible for the compilation of
extensive tables of basic data and who superwsed the computation of
the rates. The design of the tables in regard to format, and the
headings, stubs, titles, and notes, are the result of the organizing
ability ahd the precise work of Miss Verna Brewer and Miss Nora P.
" Powell. Miss Maude Sharp was responsible for the general editorial
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accuracy and uniformity of the tables and text. Population esti-
mates on which the rates are based were compiled by Dr. Henry S.
Shryock, Jr., under the general direction of Dr. Leon E. Truesdell,
Chief Statistician of the Population Division. Special attention should
be directed to the work of Mr. Theodore D. Woolsey, who prepared
the critique of adjusted death rates and of other indices of mortality
which is given as chapter IV. Responsibility for any defects or
omissions in the general presentation of vital statistics rates rests
upon the shoulders of the authors; but if this volume proves valuable
to medical statisticians and demographers, full credit must be given
to an efficient and loyal staff.




Chapter 11

CLASSIFICATION AND TABULATION OF VITAL
STATISTICS DATA

The Problem of Classification

The analytical treatment of birth- and death-registration records,
collected originally and primarily for their value as legal documents
for individuals, gives rise to problems of classification. Classification
is necessary because of the impossibility of comprehending a -large
mass of unorganized data. This obvious fact can be illustrated by a
simple example. Consider the following list of figures that represent
the ages at which a certain group of persons died.

TaBLE A.—UncrassiFiED List OF AGES FOR A RaNpoMm GrouP oF DEaras: 1940

From sich a list it is not casy to obtain a clear picture of the main
facts regardmg the ages at death of these persons. Obviously, the
first step in the study of such information is to group the deaths of
persons of the same or of approximately the same-age. This pro-
cedure reduces the data to the simple table that follows.

Tasre B.—On®w HunprRED AND Firry DeaTHs TARKEN AT RANDOM
AND CrassiFIED IN Broap Ace Groups: 1940

| Number of
AGE GROUP deaths
.

0-19 years —— - 10
20-39 years - 8
40-59 years 25
60-79 years. 64
80-99 years 41

UnNKNOWIL. o e e e e cmmcecm e wmsmecmmmemmmmmm——fomamcs—mamscm——ewme————=

When the data are grouped into such a classification, it is possible,
at a glance, to know at what ages or about what ages most of the
persons died, to learn whether there were more young persons than

5
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old persons, anid to understand readily other characteristics of the
age distribution for this group. °

The problem of classifying such data is relatively simple. Minor
changes, such as grouping the deaths in finer age intervals or arrang-
ing the groupings so that the divisions between them occur at other
ages, may be desirable for some purposes. In general, the classifica~
tion of quantitative data, such as age, Welght or blood pressure, is
not difficult. More comphcated problems arise when the phenomenon
being studied is difficult to measure, ¥ when the information is dependent
Iargely upon the knowledge or opinion of the observer, or when there
is'mo general agreement as to the particular aspect of the event that
is to be classified. The classification by one physician of patients
into groups according to the stage of development of the disease
may differ from the classification made by another. A physician
may classify deaths resulting from accidents according to the physio-
logical cause of death; a specialist in education for the prevention
of accidents may classify them according to type of accident; whereas
a safety engineer may be more interested-in a classification revealing
the physical reasons for the ocecurrence of the accident.

Since the primary function of a classification system is to reduce
a large body of data to more comprehensible proportions, it is essen-
tial that the system be simple and practical. A classification con-
taining thousands of separate groups would not be of much more
value than the original unorganized’ material. On the other hand,
it must be recognized that the grouping of date results in the loss of
a certain amount of detail, and this loss increases as the number of
groups decreases. Because of the loss of information by grouping, it
is not always sufficient to rely upon conclusions based only on classi-
fied data. It is frequently necessary to know the characteristics of
the data that are hidden by grouping.

Each field of subject matter has its own distinet problems of
classification. The design for grouping data depends primarily upon
the purpose for which the data are to be used. TIn order to use the
same data for several studies, it may be necessary to combine the
data in different ways. In the field of vital statistics, there are a
number of principles that should be followed in evaluating the ade-
quacy and usefulness of any classified and tabulated arrangement
of data.

Correctness of classification scheme.—To be useful, every classi-
fication system must be correctly designed so that it reduces suffi-
ciently the bulk of the data. It must serve the purpose of presenting
information in a comprehensible and compact form. The classes
must. be unambiguous and mutually exclusive. These classes must
be selected in such a way that the data within a class are relatively
homogeneous, but at the same time they must be broad enough so
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that the frequencies within a class are sufficiently largé for analysis
and interpretation.

In addition, the cla,ssxﬁca,tlon must be adequate for the specific
purposes for which it is-to be used. A classification of deaths by
detailed occupational groups may be ideal for the study of certain
industrial hazards, but may be inadequate for a study of mortality by
broad socio-economic classes. Deaths classified into broad age groups
would not reveal fluctuations in reported ages at single-year intervals.-

Classification on the basis of a single variable.—It is difficult

- and confusing to use a single classification scheme to present informa-

tion on several variables. A classification should relate only to one
dimension or characteristic. This principle of classification is logi-
cally correct, but it is frequently violated in practice. For example,
deaths from accidents have been frequently grouped into the following
so-called “‘place of accident” classes: )
Deaths due to accidents in the home. ‘
Deaths due to accidents in public places.

Deaths due to occupational accidents. ~

This grouping has resultéd from an attempt to combine into a single
scale two separate characteristics, namely, the place of accident and
the relationship between the accident and the occupation. The fact
that some occupational accidents happen in public places and even in
the home introduces ambiguity. and confusion into the interpretation
of a tabulation of deaths classified in this way.

A similar shift in the basis of classification can be found in the

International List of Causes of Death. The first groupings of this . )

list are on the basis of types of disease or cause of disease, such as:
Class I, Infectious and parasitic diseases; class IT, Cancer and other
tumors; and class I1I, Rheumatism, dlsea,ses of nutrition and of the
endocrme glands, other general dlseases and avitaminoses. Some
groups in the International List are classiﬁed primarily by anatomical
site or organic system affected! Class VI, Diseases- of the nervous
gystem and sense organs; class VII, Diseases of the circulatory system;
class VIII, Diseases of the respiratory system; et cetera. Other
groups are based primarily on another characteristic, age: Class XV,
Diseases peculiar to the first year of life; and class XVI, Senility.
Such a mixed classification may be justified for certain reasons.
The most important feature of certain diseases may be the site affected. -
For other diseases, the site is irrelevant or indeterminable and the
causative factor is essential; and for other, rather poorly defined ill-
nesses, the characteristic age may be of most value. Frequently, to
avoid a mixed classification, a double classification may be necessary.
In detailed studies of occupational mortality, it may be essential to
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classify first the occupations as such, and then the type of industry.
The risk of injury or health impairment to a “welder”” or a “bufler,”
for example, may vary greatly from one industry to another.

Accuracy of original data—No statistical procedure can be
devised that will satisfactorily invent facts. The final result is always
limited by the original material. For this reason, classification can-
not bé considered a method for improving poor information. How-
ever, the adequacy and accuracy of the original data may play an
important part in determining the classification plan. Exact informa-
tion may be tabulated in detailed classes, but if the original informa-
tion is crude and inaccurate, the classification groups must be -
correspondingly coarse and approximate.

Proportion and treatment of unknowns.—A cerfain item that
is usually given with precision may be completely unknown in some
instances. A large proportion of unknown cases may destroy the
value of an otherwise satisfactory table. Many times the ““unknowns”
are so infrequent that they may be disregarded. If they cannot be
disregarded, it is sometimes possible to make a reasonable assumption
about their distribution and in this way combine them with the
regularly classified material.

Comparability with population classifications.—Most of the
vital statistics tables are used in conjunction with corresponding
population tables. Their principal value depends upon rates that
are computed by relating the deaths or births of one class to the
population of a similarly defined class. For the computation of these
rates, vital statistics and population statistics must be tabulated by
- similar classification systems, the groups of which are determined by
identical definitions. An apparent similarity between population
and .vital statistics classifications may be only a superficial similarity.
Age distributions in the two sets of material may seem to be identi-
cally classified, but the differences between the enumeration method
of obtaining the age of the population and the registration method of
obtaining the age of decedents may result in“significant discrepancies.
Also, occupation as presented in population tables may be the present
occupation, while the occupation given on the death certificates may
be the usual occupation. In such cases, identical methods of classi-
fication and tabulation may conceal important differences in the
data classified.

Multiple, classification.—The successive cross-classification of &
number of variables results in what is termed a “master table.” This
type of table is of maximum value because the data presented can be
studied with reference to any one of the characteristics tabulated,
and the complete cross-tabulation of that characteristic by each of
the other characteristics is available. "The data also can be combined
into any desired consolidations.

L
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Master tables rapidly expand to almost prohibitive size if more
than two or three variables appear in the cross-tabulations. A rela-
tively simple and basic master table of deaths classified by cause of
death (200 groups), age (27 groups), sex (2 groups), race (3 groups),
and geographic area (48 States) would have more than one and a
half million cells: Such a table, which might be considered essential
for a thorough analysis of the geographic distribution of mortality,
would be too large for publication. Therefore, the primary purpose
of classification, the reduction of data, would be defeated.

The vital statistics analyst, therefore, finds himself in a dilemma.
If he wishes to make a complete analysis, his problem must be limited
by the number of items for which a gross-classification of the data can
be made and effectively used. If he wishes to describe general mor-
tality or natality phenomena, his analysis must be limiied by the bulk
of the tabulations involved to a discussion of major trends and differ-
ences without detailed explanations of the reasons for the facts that
are found. - ‘

In view of these facts, the data presented and the classifications and
cross-classifications used in this volume of vital statistics rates will.
frequently be inadequate. For many studies, greater detail on cause
of death will be necessary. For the complete analysis of mortality
by race, the grouping of “White’’ and * All other races” or of ““ White,”’
“Negro,” and “Other races” is not enough. Similarly, every table
is probably inadequate for some specialized purpose. The selection
of the classifications used has been made for the general purpose of
presenting & descriptive summary and analysis of 41 years of vital
statistics experience. The degree of success of this objective can be
measured only by the extent to which the tables find general use and
acceptance.

Classification of Age, Race, and Sex.

Mortality statistics are generally tabulated by such basic factors
as geographic area, cause of death, age, race, sex, nativity, and month
of death. Special studies of mortality frequently deal with other
factors, such as occupation of decedent, duration of disease, extent of
hospitalization; type of attendant at death, and date and time of
death. Fundamental variables in birth statistics are geographic area,
race, sex of child, age of parents, nativity of parents, number of -
children previously born, and month of birth, while special studies
extend to hospitalization or attendant at birth, occupation of father,
legitimacy, period of gestation, frequency of plural births, and other
characteristics. The tabulation of data according to each of these
presents different, and frequently difficult, problems in classification.

Age—The classification of deaths by age at death and of births
by age of parents is essential to most vital statistics studies. Age

739176 O - 47 - 2 -
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classification is much simpler than the classification by geographic
area or by cause of death. Age is a definite, single-dimensional
characteristic. If the original statement of age is accurate, there
remains only the determination of the size of the classification groups
that are best for the purpose in mind.

In actual practice, there are many inaccuracies in the statement
of age on the death certificates. An examination of an age distribu~
tion of deaths by single years of age will usually show wide variation
in the number of deaths in adjacent age groups. Part of this variation
may indicate real differences in mortality, and part may be attributed
to random variation. However, a large part must also result from
errors in the statement of age. These errors result in a characteristic
excess of deaths at reported ages ending in the digit 0 or 5, with a
corresponding deficiency in deaths at other ages. Table C, which
permits some comparisons of interest on this question, shows the pro-
portion of total deaths of decedents between the ages of 7 and 96 years
in which the final digit of the stated ageis 0, 1, 2, 3,4, 5,6, 7, 8, or 9.
Since the mortality curve both rises and falls throughout this range,
it may be assumed that if the ages had been reported accurately, the
distribution of final digits would have been approximately rectangular
or, at least, would not show extreme irregularities.

TaBLE C.—PERCENT DISTRIBUTION OF DEATHS ACCORDING To FInar Dierr oF

REPORTED AGE FOR DECEDENTS BETWEEN 7 AND 96 YEARS: DEATH-REGISTRA=
TION STATES, 1900 AnD 1935

PERCENT OF ALL DEATHS

FINAL DIGIT OF REPORTED AGE AT DEATH 1935 1800
All races Nonwhite All races Nonwhite
Total 100. 00 100.00 100.00 100. 60
0 TIL10 15.03 11.81 15.02
1 8.84 7.65 8.58 7.46
2. 9,97 9.82 10.04 .58
3 9.65 8.52 9. 54 9,13
4 10.03 9.15 9.7 8
5 11.14 13. 64 10.77 13.10
6. 9.53 &.64 9,43 8.43
7. 9.75 8.68 9.90 8.87
8 10.16 9.91 10. 62 9.80
9 9. 9.06 9.65 .16

Because the statement of age is often inaccurate as to the exact
year, vital statistics data are usually tabulated in 5- or 10-year groups.
This grouping tends to minimize the effect of errors in age because the
errors within a group are to some extent counterbalancing. If it is
necessary to obtain data by single years of age, some method of gradu-
ation or subtabulation must be used. Age classified in 5-year groups
(with a single-year grouping under 5 years) is usually adequate except
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for special investigations; even broader age groups are satlsfactory
for most purposes.

The age of a person at death and the age of mother at bfrth of a
child are almost always reported. This information was lacking in
only 0.12 percent of the death certificates and 0.18 percent of the
birth certificates that were tabulated by the Bureau of the Census for
the United States in 1940. Only in one State did the percentage of
unknown ages at death exceed 1.00, and in all other States the figure

was less than 0.40. Table D shows the frequency distribution of
States by percent of deaths at unknown ages for 1940. .

TasLe D.—FreQUENcY DisTrRiBuTioN OF STATEs BY PERCENT OF -
Dearas AT UNENOWN AGes: UNiTED StATES, 1940 :

Number of
PERCENT OF DEATHS AT UNKNOWN AGES States

0.00-0.09. 21
0.10-0.19. - 11
0.20-0.29 3
0.30-0.39 8
0.,40-0.49 —
0.50-0.59. —_
0.60-0,69. . — .
0.70-0.79. —
0.80-0.89 — —_
0.90-0.99. —_
1.00-1.09 —
1.10-1.19 1

The proportion of unknown ages at death has decreased steadily
in the 41-year period during which vital statistics for the United
States have been compiled. At no time, however,. has- the propor-
tion been large enough to affect seriously the interpretation of mor-
tality statistics at different ages. Table E shows the percent of
deaths at unknown ages for every fifth year from 1900 to 1940 for
the original death-registration States of 1900 and for the expanding
group of death-registration States.! Compared with incompleteness
of registration and other deficiencies in the original data, “unknown
ages at death” is a negligible defect in mortality statistics.

TABLE E.—PERCENT oF DEaTEs AT UngNowN Acges: DeaTn-
REGISTRATION STaTEs oF 1900 Anp ExpanNpING DEATH-REGIS-
TRATION STATES, 1900-1940, EveEry FirrH YEAR

PERCENT OF DEATHS AT
' UNKNOWN AGES
YEAR . i
Registration | Expanding
States of registration
States
s
1040 0.07 0.12
1935... _ 0.04 0.09
1930. .. - 0.05 0.14
1925 0.06 0.14
1920. 0.06 0.14
1015 . 0.08 0.13
1910 0.08 40,10
1905_ 0.20 |. 0.20
1900_- 0.357 0.35
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Race.—The classification of mortality and natality data by race is
difficult, and the results tend to be ambiguous and incomplete. No
practicable and acceptable ethnological classification has been devel-
oped for vital statistics, and it would be difficult to obtain the neces-
sary information required for such a classification of mortality statis-
tics. 'The classification of deaths into white, Negro, Indian, Chinese,
Japanese, and “Minor races” is used in the vital statistics reports for
the United States. More frequently the shorter classifications of
“White,” “Negro,” and “Other races” or of simply “White” and
“All other” are used. None of these classifications are adequate in
providing for mixed types or in breaking the large group of “White”
into more homogeneous groups. Owing to the lack of a precise def-
inition of race and of exact information regarding race on the birth
and death certificates, any further attempt to subdivide by race re-
sults in a confusion with the concepts of nationality, country of
origin of parents, or other characteristics.

Since vital statistics for the United States are tabulated into very
coarse racial groups only, few deaths are reported that cannot be
classified. For tHose that are registered without a racial designation,
it has been the practice to make an inference regarding the probable
race from the stated place of birth, name, et cetera. No “unknown
race” figures are given for this country. When considered in rela-
tion to the vagueness of the racial groupings, the question of
‘“unknowns” is unimportant.

It is easy to overemphasize the value of a racial break-down for
mortality and natality statistics. The mortality rate is dbviously
and necessarily a function of age. Very little evidence, however,
exists to show that observed differences in mortality for various racial
groups are due to inherent racial differences. Race is not independ-
ent of other factors, and- the economic, social, and medical circum-
stances of one racial grotip may be quite dlﬁ'e ent from those of
arfother. When deaths are classified by race, there is created also,

“for example, a hidden classification of economic status to the extent

that economic status is correlated with race. An observed difference
in mortality between races may in actuality be no more than a dif-
ference of mortality for different economic classes. This observation
applies to the interpretation of data classified by any other char-
acteristic, but it is particularly important in the case of racial
classification.

Sex.—The classification of births and deaths by sex presents few
problems. The categories are limited and predetermined. For the
very few cases for which sex is not stated, it can ususally be deter-
mined from the name or other information given on the certificutes.
Classification by sex is essential in the tabulation of both births and
deaths. There are c¢onsistent and important differences in the mor-




~

CLASSIFICATION AND TABULATION Co 13

tality rates for males and females. The sex-ratio'of births has long
been a subject of great interest and study.

Geographic Classification

The most important single classification for mortality and natality
data is the classification by geographic units? One of the primary
purposes of the collection of vital statistics is to obtain data that
make possible a comparison of death and. birth rates between coun-
tries, States, cities, and other geographic units. Such comparisons
are the first indicators of unusual mortality or natality conditions in
any area, and therefore stimulate and initiate subsequent series of
tabulations, classifications, or investigations designed to explain or
change these conditions. Public health agencies are organized to
deal with health problems by areas. The first question for them is
how many people are dying and where are they dying. Important
as it is, the question of why they are dying comes second. * ‘

Fortunately, some of the problems of the geographic classification
of births and deaths have been greatly simplified by the registration
procedures established in the United States. This registration is
accomplished by a vast organization of Federal, State, county, and
local officials. Each State is divided into units, and each city, in-
corporated town, or other primary political unit (township, parish,
or county) is a primary registration district. ~ A local registrar is
appointed for each district. Uniform State laws require that each
birth, stillbirth, or death occurring in any such primary registration
district shall be registéred in that same district. [For additional
details on the organization of the vital statistics system, see (1-325—
353).*] For this reason, birth and death data are accurately classified
by the method of their. original collection into detailed geographic
units. : :

This procedure, which puts great emphasis upon the place of birth
or the place of death, has simplified many problems of geographic classi-
fication, and has improvedthe geographic data given on the certifi-
cates. Even so, this information is not perfect. The process of regis-
tration starts with the execution of the original birth or death certifi-
cate by the physician, midwife, coroner, undertaker, or member of
the family. Although the registration units may be well defined,
these persons may not always know the exact limits of the registration
unit in which the birth or death occurred. The error may be increased
if data are tabulated for geographic units within a registration dis-

trict. In some States the registration districts are large (such as coun-

2 Tho classification of vital statistics by time (i. e., calendar year) is essential. Vital statistics data
that did not apply to some stated calendar year or other period would be absolutely unintelligible. This
collection of data by time periods is so basic that time is hardly considered a problem of classification.

*Numbers appearing in italics within parentheses are references. -The first number is the reference as
listed at the end of the chapter. The second number is the page on which that reference begins.




14 VITAL STATISTICS RATES

ties), and it is necessary to make tabulations for individual cities or
towns within these registration districts. Errors made by the persons
filing birth or death certificates, regarding the legal limits of cities and
towns, will create corresponding errors in the geographic classification
of those certificates. Little quantitative data exist to show how se-
rious these discrepancies may be. It is assumed that such errors are
practically negligible for larger cities, but that they could be consider-
able for smaller places having populations under 10,000 inhabitants.

The geographic code used by the Bureau of the Census in the tabula-
tion of the 1940 vital statistics date gives a separate identifying num-
ber to each State; to each city having a population of 10,000 or more
in 1940; and to certain towns and townships each having a population
of 10,000 or more and & population density of 1,000 or more per square
mile. The code also gives a separate number to each county, exclusive
of these cities or urban areas contained in it. Although villages and
cities haying populations under 10,000 are not individually identified,
each county is coded in two parts, one part consisting of “incorporated
places” of 2,500 to 10,000, and the other part consisting of the re-
mainder of the county.

This code, therefore, makes possible the tabulation of data for each
county and for each city over 10,000. It is also arranged so that date
can be conveniently tabulated into “population-size groups’ in which
geographic units of certain population sizes are combined. The popu-
lation-size groups used in the 1940 code are:

Cities of 100,000 or more.
‘ Cities of 25,000 to 100,000.
Cities of 10,000 to 25,000.
Cities of 2,500 to 10,000.
) Rural.

This classification plan, permitting the tabulation either for in-
dividual areas or for population groups, is essentially the same as
that which has been used for vital statistics since the creation of the
permanent Bureau of the Census in 1902. Variations in the geo-
graphic classifications used in the different years are shown in table F.

TaBLE F.—Grograraic CrassiFicaTioNs Usep 1N THE TABULATION
oF Vitar Srartistics: DEATH-REGISTRATION STAaTES, 1900-1940

YEARS Individual units tabulated Population-size groups
1000-1929. . oo Citles. Cities of 10,000 or more,
Counties. Rural.
1930-1934 . e Cities. Cities of 10,000 or more.
Counties. Cities of 2,500 to 10,600,
Rural.
1935-1940 . - o oo Citles. Cities of 100,000 or more.
Counties. Cities of 25,000 t0 100,000,
Cities of 10,000 to 25,600,
Cities of 2,500 to 10,000,
. Rural.
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As stated before, the organization of the vital statistics registration
gystem by geographic units introduces a geographic classification by
place of occurrence into the collection of these records. This classifica-
" tion is based on the assignment of births or deaths to the geographic
unit in which the event occurs and has been termed a ‘““de facto” classi-
fication.” It may be contrasted with the de jure classification in which
deaths are assigned to the place of residence of the decedent and births
to the place of residence of the mother. In certain types of societies
the differences between a de facto and a de jure classification may be
negligible, but, in the United States with its accessible and rapid modes
of trayel and the centralization of hospitals and other medical services
in urban areas, the differences are great.

The interpretation of tabulated death data for a given area and
calendar period requires that these figures be related to the group of
persons exposed to the risk of death in that area during the time
period. In the study of the mortality or natality data of any area, the
group of persons under study is usually the resident population of that

_ area. The population census figure, which is tabulated on a de jure

basis, is approximately this resident population. Therefore, the death

- or birth figures that are to be related to this population should also be
tabulated on a de jure or place-of-residence basis.

The accurate classification of vital statistics by place of residence
is much more difficult than their classification by place of occurrence.
The place of birth or death is, in most cases, clear-cut and definitely
determinable. To determine the place of residence is difficult, and
it is dependent upon the definition of residence and the information
given on the certificate. Because of the difficulties of classification by

- place of residence, and because the differences between a. de facto
and a de jure classification were formerly not as 'great as now, the
usual basis for the tabulation of vital statistics has been by place of
oceurrence.

The first tabulations on a residence basis made by the Bureau of

the Census were published in the annual volume of Mortality Statistics
for 1914. 'These first tabulations, as well as those published for the
years 1918 to 1930, inclusive, were simple tabulations of total deaths
for cities and counties. In 1935 more detailed tabulations for both
births and deaths were made, but it was not until 1939 and 1940 that
extensive tabulations by age of mother at-birth of child, cause of death,
age at death, and other items were made. More detailed accounts
of the development of this type of tabulation are given in the regular
vital statistics reports of the Bureau of the Census (2).

The residence tabulations for 1940 and previous years have been
made on the general principle that residence can be defined as the
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“usual place of abode.” General rules formulated for the tabulation
of vital statistics on a residence basis are:

1. General ‘principle: Vital statistics data should be compiled =0 as to eorre-
spond with the enumerated population on which rates are to be based. Each
death should be assigned to the area in which the decedent had his usual place of
a_botcllle. For births, the residence of the child is defined as the residence of the
mother.

2. With certain exceptions and qualifications, a decedent (or a birth) iz defined
as a nonresident if the place of residence stated on the certificate i3 different from
the place of death (or birth).

8. Decedents who at the time of death had been living more than 1 year in &

—community are considered residents of that community even though some other
place of residence is stated.

4, Decedents in general hospitals, tuberculosis sanatoriums, et ceters, are
reallocated to the place of residence.

5. Decedents in mental institutions or otheér institutions where the duration of
stay s usually long are not reallocated to the place of prior residence.,

Detailed regulations for the application of these general rules to
_ specific cases are published in the annual Instruction Manual for vital
statistics (3).

The importance of tabulations by place of residence for some
geographic areas may be appreciated by an examination of a few
summary tables.

Tasre G.—FREQUENCY DISTRIBUTION OF STATESBY PERCENT OF NoON-
RESIDENTS AMONG ToraL DEaTESs AND BirTas: UNiteED STATES, 1940

NUMBER OF STATEY
PERCENT OF TOTAL DEATHS AND BIRTHS CODED NONRESIDENT
Deaths Births

39 1 13
10-14 I 20 7
3510 I 20 [
20-24_ 7 10
25-20__ - 1 10
30-34_ — [
35-39_ I — 4
40-44. — 1

Table G gives the frequency distribution of States (including the
" District of Columbia) by the percent of nonresidents among the total
recorded deaths and births for 1940. These distributions show, for
example, that in 40 States, 10 to 19 percent of the deaths were of
persons who were not residents of the particular geographic unit in
which they died. The proportions were higher for births. In 20
States, 20 to 29 percent of the births were to nonresidents, and in 11
States the percentages were over 30.

These nonresidents were not distributed uniformly throughout the
States since the proportion of nonresidents varied greatly for the
different population-size groups as shown in table H. In the United
States in 1940, 14.8 percent of all deaths were of persons not residents
of the particular geographic unit in which they died. For cities of
10,000 to 100,000, more than 23 percent of all registered deaths were
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of nonresidents. For this same size group, 36.8 percent of births were
to nonresident mothers. : ’ .

TasrLE H.—PeRCENT OF NONRESIDENTS AMON@ ToraL RECORDED =~ .
DeaTES AND BirTHS BY POPULATION-81Z2E GROUPS: UNITED STATES,

1940
— PERCENT OF TOTAL DEATHS
AND BIRTHS CODED NON-
POPULATION-SIZE GROUP BESIDENT .

Deaths | Births'

‘United States. .. ) 14.8 212
- \

Citles of 100,000 or more.. 10.8 18.1
Citles of 10,000 to 100,000 23.4 36.8
Cities of 2,600 to 10,000 24.3 40.1
Rural._. 9.9 7.9

‘While these figures give some indication of the total amount of the
nonresident movement, they do not measure the net result of a re-
allocation to place of residence. If in a given city, 30 percent of the
births were to nonresidents of that city, there were also some births to
residents of that city, that occurred in other areas. The net effect of
a complete reallocation to place of residence can be seen-by examining
the ratio (termed the “reallocation or R-ratio’’) of all deaths allocated
to an area on a place-of-occurrence basis.to all deaths allocated to that
area on a place-of-residence basis. For some individual cities and
counties this ratio had extreme values, giving definite proof that
place-of-occurrence classifications can be misleading. Table J gives
the frequency distributions of the reallocation ratio for cities and
counties for births and deaths in. 1939. The means and standard
deviations of these distributions of the reallocation ratio are shown in

table K.

TasLE J—FREQUENCY DISTRIBUTION OF THE REALLOCATION RaTIo ! FOR CITIES
AnD CounTies For Birras aNp Dearss: Unitep Stites, 1939

BIRTHS DEATHS

VALUE "OF REALLOCATION RATIO Total Total

Cities over counties Cities over counties
10,000 (including 10,000 (including

cities) cities)

0.12 or less. — 53 8 —_ 4
0.13-0.37. - .- 6& 30 T =

0.38-0.62. - 56 11 59 43
0.63-0.87___. 42 . 528 154 . 687
0.88-1.12 e e emmmm e ammcme—mee 160 2,168 373 2,178
1,13-1,37 m—— 304 198 298 124
1.38-1.62 144 19 61 18
1.63-1.87. 86 6 21 7
1.88-212 . eaas 33 3 9 3
2,13-2,37. 16 — 4 2
2.38-2.62 5 1 1 3
2,63 or more - - 18 1 3 2

Number of births or.deaths registered in area
Number of births or deaths to residents of area wherever reglstered

1 Reallocation ratio
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TaBLE K.—MEANS AND STANDARD DEVIATIONS OF THE DISTRIBUTIONS OF THE
RearLocaTioN Ratio ror Ciries aND CoOUNTIES FOR BIRTHS AND DEATHS!
- UmitEp StaTES, 1939

' Mean value
Number of Standard
) GEOGRAPHIC UNIT units o{i ggatlzllgicg- doviation
Births:
Cities over 10,000.... 932 1,17 0,5
D ;l‘h%tal counties (including cities) 3,073 0.95 0,19
ea

Cities over 10,000... 933 1.07 0.30
Total counties (including citics) 3,073 0.96 0.17

. It must be emphasized that the data in tables J and K are for
individual city and county units. For a larger geographic area, such
as a whole State, much of the nonresident movement is purely internal
and the residents of a State who die outside that State are largely
counterbalanced by residents of other States dying within the State.
It has been shown that (4), for State totals, data tabulated by place of
occurrence and by .place of residence can.be used interchangeably,
with little error. It has also been shown that State totals for specific
age, sex, or race groups are not sericusly changed by a residence re-
allocation. For some specific causes of death this is not true, but data
for almost every State can be used without great chance of mis-
interpretation even if tabulated by place of occurrence. An extensive
study evaluating the problems and the effects of residence reallocation
is now ir progress (4).

Since tabulations by place of residence are available for recent years
only, almost all rates given in this volume are based on place-of-
occurrence tabulations. The basis of tabulation for the rates given
in each table is explained in headnotes or footnotes. Rates for the
total United States would not be affected at all, and rates for groups
of registration States or for individual States would be affected very
slightly, if the data were tabulated on a place-of-residence basis.
Rates for individual counties and cities are given only in tables 53 and
54, which are based on 1940 data classified according to place of
residence. The few tables giving time series of rates for population-
size groups are based mostly on place-of-occurrence date and must
therefore be used with great care.

Cause-of-Death Classification

The most difficult classification for vital statistics is the classi-
fication of deaths by cause. Medical phenomena are so involved
with anatomical location, etiological factors, or interrelations with
other body. parts or systems, that they make a logical and consistent;
classification difficult. Yet for the very reason that medical terminol-~
ogy is so extensive that almost every case presents a unique syndrome



CLASSIFICATION AND TABULATION 19

of disease entities, a classification is necessary if-generalizations are to
be made about the health conditions in various localities, the efficacy
of public health work, and the progress of therapeutic medicine.

_ If an attempt were made to present mortality statistics tabulated
by all of the causes of death stated on death certificates by physicians, -
gtatistical tables consisting of thousands of separate categories would
result. The length of such a list would make it impossible to analyze
the interrelations between the various causes, and, for all except &
few most common terms, the number of deaths for each cause would be
go small that no reliable conclusions could be drawn.

Standard classification.—As in any grouping of data, a classifi-

cation of causes of death involves a loss of information. The grouping
" of medical terms under general headings frequently means that char-
acteristic features of some diseases are concealed. Moreover, when
the terms are grouped into classes, it is not possible to separate the
individual terms for reclassification under some other form. Some
practical plan is necessary so that the statistician can assign medical
terms reported by the physician to more or less definite titles repre~
senting, for medical statistical purposes, relatively homogeneous
groups of diseases. .

This need for a standard classification of causes of death has long
been recognized. The classification now-in general use, called the
“International List of Causes of Death,” had its beginning in 1853
when Dr. William Farr and Dr. Marc d’Espine were appointed by
the First Statistical Congress at Brussels to prepare a tentative inter-
national agreement upon the nomenclature of causes of death so that
.some comparability of death rates for specific causes in the different
countries could be realized. After several revisions, the classification
system was presented to the International Statistical Institute by
Dr. Jacques Bertillon, and was adopted by several countries in 1893.

In order to keep the list consistent with changes and developments
in medical science and public health practice, it has been revised each-
decade. These revisions have been made at a series of international
conferences in Paris in the years 1900, 1909, 1920, 1929, and 1938.2
The present International List has been adopted for official use in
almost all of the countries of Europe, North and South America, in
Australia, and in parts of Africa and Asia. -

The International List has been used by the Bureau of the Census
throughout the period from 1900 to 1940 which is the time covered in
this volume. Table L shows the years for which each revision of
the list was used for compiling mortality data. Essential to the use of
the International List is its index of medical terms. This index shows
the correct list number for approximately 8,000 different diagnostic

3 English language translations of these nomenclatures as adopted for usein the United States have been
‘published each decade by the Bureau of the Census (6), (6), (7), (8), (9. :
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terms. Without such an index, uniformity of coding practice would
be difficult to obtain.

TasLe L.—Periop DuriNe Waicr EacH REVISION oF THE INTERNATIONAL Lisr
Was Usep BY THE BUREAU oF THE CENSUS

INTEENATIONAL REVISION AT PARIS, Year . . CORRESPONDING JOINT-CAUSE
FRANCE rinted Period during | ° MANUAL USED
prig which each
United revisior(xl was Nembor of 7
st use umber o ear
Number of revision Year States edition printed
1st__. 1960 1902 1500 to 1809 — —
2d 1909 11911 1910 to 1920 1st 1914
3d 1920 1924 1921 to 1929 2d 1025
4th 1929 1931 1930 to 1938 3d 1033
5th 1938 1939 1939 to date 4th 1040

I There were three reprints made of the 1911 manual; first in 1913, second in 1816, and third in 1918,

These periodic changes in the International List serve the necessary
purpose of keeping its terminology and grouping abreast of medical
progress. To a certain extent they insure a comparable series of
statistics for each year within the period for which any one revision is
used. However, each time a new revision is infroduced, there is a
break in the continuity of the time series of death rates for individual
causes. Identical phrasing of titles in two or more revisions of the list
does not necessarily signify comparability of data. KEach revision of
the list involves the use of new terms and the shifting of some medical
terms from one International List group to another. The extent of
comparability for each separate rubric can only be established by
detailed study of the terms included under that rubric in each of the
revisions. Because it is difficult to evaluate the numerical importance
of such regrouping of terms, it is practically impossible to obtain a
41-year time trend (extending through five revisions of the csuse-of-
death classification scheme) for many individual causes of death.
Special studies (10) are now being made by the Bureau of the Census
to measure the discontinuities created by shifting from the 1929 list to
the 1938 list, but such studies have not been made for the previous
transition periods. :

This problem of comparability of a time series of cause-of-death
statistics can be partly solved by making logical groups of related
causes. Many of the reallocations of terms made in revising the
International List consist of shifting some terms from one specific
cause or subdivision of a cause to another closely related cause or sub-
division. By forming larger groups it is possible to eliminate some of
the discontinuities caused by revisions of the classifications. Several
tables in this volume are based on such a group or selected cause list.
For these selected causes or cause groups, it 1§ believed that minor
fluctuations in the time series may be due to changes in the list, but
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that any significant and important change can be mtegpreted in terms
of other factors.

Unfortunately, the adoption of a uniform method of class1ﬁcat1on'
of causes of death does not completely insure the validity of compari-
sons between years or between different geographic areas. Several
other factors must be considered.

Selection of the primary cause.—Throughout & long time period
the medical diagnosis given on the death certificate may become more
accurate and complete." The increasing use of hospitals in cases of
serious illnesses has resulted in more accurate cause-of-death state-
ments on the death certificates. Changes in reporting practice are not
always in the direction of improvement. Current medical or popular
interest in some disease may result in a ‘“‘diagnosis fad” Wlth a corre-
sponding distortion of the mortality statistics.

Another factor affecting the comparability of mortality statistics is
the method of selection when two or more causes are given on a
certificate. It is obvious that when the physicians of a country are
experienced in accurate certification, and when the death certificate
provides for such details, a large proportion of death certificates will
report more than one morbid condition. Table M shows, for specified
countries, the proportion of death certificates reporting more than one
disease entity as the cause of death. The data in this table are taken
from a special study made by the Bureau of the Census on the problem
of multiple causes (11-387).

TABLE M.—PRrororRTION OF DEATH CERTIFICATES REPORTING MORE TEHAN ONE
Cavuse or DEaTH, FOR SPECIFIED COUNTRIES

* -~

DEATH CERTIFICATES RE~
PORTING MORE THAN
AREA N Year é[(;g%:la]ls ONE CAUSE
Number Percent

United States 11940 1, 417, 269 784, 513 155.4
United States 1936 1,479, 228 881,972 59.6
United States 2. - 1925 1,219,019 |.. 536,901 44.0
United States 2 - 1917 1,066, 711 372,291 -34.9
Panama Canal Zone 3.. 1936 582 | - 317 . 54.5
Scotland (6 mo.).. 1937 31,038 10, 546 34.0
Canada. . 1931 104, 517 34, 562 33.1
Netherlands 1936 70, 613 21, 985 311
Greece 1. . 1936 23,984 2,884 12.0
Denmark. . 1937 40,442 483 1.2

1 The rules used in coding secondary causes of death in 1940 differed from those followed in preceding years;
if the samo rules had been followed in 1940 as in earlier years, the proportxon of certificates reporting more
than one cause would have been somewhat higher than 55.4 percent.

1 Registration area in continental United States.

3 Deaths reported from hospitals only.

¢ Deaths reported from mumcxpalmes and some cities having populations of 10,000 or more.

When several causes are given, the problems of classification and
tabulation are very complex. Special tabulations can be made that
show the various combinations of diseases stated on the certificates.
Tabulations of this kind were made by the Bureau of the Census for
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1917 (12), 1925 413), 1936,* and 1940 (14). For most of the mortality
tables it is not possible to print separately the numerous combinations
that appear, and when a death certificate states several causes, it is
necessary to select the one cause that is to be tabulated. The Inter-
national List rubric under which the death is to be classified must
be determined.

The principles and methods of the selection of the primary cause,
that is, the cause to be tabulated, are major problems of medical
biometry, and have received a great deal of stidy in several countries.
Nearly all evidence (11), (15) indicates that there is great variation
among -countries in the methods used, and, in spite of the almost
universal adoption of the International List, international comparisons
of death rates for individual diseases can be made only with caution.

The standard practice in the United States is to make the selection
of the cause to be tabulated by the use of the Manual of Joint Causes
of Death. This manual was prepared by the Bureau of the Census in
a series of revised editions published in 1914 (16), 1925 (17), 1933 (18),
and 1940 (9), and is used in the classification of cause-of-death sta-

. tistics published by the Bureau. This selection system is based on a
set of so-called ¢ priori’oy tables” indicating which one of any two or
more causes given m combination on a death certificate, shall be
tabulated as the prlmary cause of death. The priority tables have
been based on five general rules (6—17) and on numerous special
decisions.

This definite; but rigid system of selection has beén criticized pri-
marily on the ground that it applies the same rule to every case, and
to a certain extent may disregard whatever primary cause selection
the physician indicates. The advantage of a system that accepts
the priority indicated by the death certificate as filled out has been

- discussed by several authors (19), (20). The chief advantage of the
" arbitrary system is the relative consistency of selection and interpre-
tation that it makes possible. Although the use of fixed ““priority”’
tables may appear, occasionally, to result in a misallocation of some
specific deaths, it insures a constancy of viewpoint and a uniformity
in selection that increases the comparability of mortality tables.

The final result of any process of selecting, classifying, and tabu-
lating causes of death is affected by the quality and uniformity of
the original data. If several causes are stated on a certificate, the
Joint-Cause Manual can be used, but if only one cause is stated, it
does not mean that the basic .problem of selection can be ignored.
To be sure, if the physician certified only one cause, there is no
problem in the statistical office regarding the method of selection of

4 Not published In the annusl report; see Vital Statistics—Special Reports, vol. §, No. 47.
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the primary cause, but as far as the interpretation of the data is
concerned, the difficulty still exists. When the physicians regularly
certify only one cause, the selection of the primary cause has already
been made before the data are received in the statistical office. - Since
the selection is made by thousands of physicians with widely different
interests and points of view, there can be no assurance that the mor-
tality figures for the different areas are comparable.

The figures given in table M show that, in 1917, only 34.9 percent
of the death certificates classified by the Bureau of the Census had
more than one cause. In 1940 this percentage had increased to 55.4.
This means that an increasingly large proportion of the death classi-
fications are being determined by the uniform method of priority
tables rather than by the nonuniform procedure whereby physicians
selected and certified only one cause. Eutirely aside from the ques-
tion of which method of selection is better, this gradual change in
the proportion of certificates with multiple causes must have an
important, though unmeasurable, effect on the time trends of rates
for causes of death.

This same factor is mportant in the comparison of death ra,tes for
different areas for any given year. The percent of all death certifi-
cates reporting more than one cause for each geographic division of
the United States is given in table N. ‘

Tasre N.—PERCENT oF DeaTH CERTIFICATES REPORTING MORE

TeaN OnB CAausiE or Drara: UNiTED STATES AND GEodRApmc
Divisions, 1940

Percent with

AREA more than one

- 4 cause of death

United States. . - 55.4 °
Qeographic divisions:

New England States 63.1
Pacific Sta 63.1
Middle Atlantxc States 62.9
‘West North Central States 60.8
East North Central States. . 55.7
Mountain States 51.4
South Atlantic States. 46.5
‘West Seuth Central States. 46.2
East South Central States. 40.2

Even greater variation exists among the individual States. In
1940 the proportion of multiple-cause certifications ranged from 67.2
percent for New York to 35.4 percent for South Carolina. Table O
gives the frequency distribution of States by percent of death certifi-
cates showing more than one cause. ]
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TaBLE O.—FREQUENCY DISTRIBUTION OF STATES BY THE PERCENT
oF Deara CerriricatEs SHowiNG MorRe Tuan ONE CAUsE:
UnitEp STATES, 1940

Number of

PERCENT WITH MORE THAN ONE CAUSE OF DEATH States

Ill-defined and unknown causes.—Another factor that must be
considered in any careful and detailed analysis of cause-of-death sta-
tistics is the proportion of deaths for which the causes are stated to br
ill-defined or unknown (International List, class XVIII, Nos. 199 and
200). In a time trend analysis this factor is important, and table P
shows that the percentage of ill-defined and unknown causes has
changed from 3.92 in 1900 to 0.20 in 1940 for the same fixed group of
States.® For the expanding group of all death-registration States, the
percentage decreased less because some of the more recently admitted
States have a relatively high proportion of unknowns. The fact that
deaths which in previous years were classed as ill-defined or unknown
are now assigned to more specific causes tends to increase the tabulated
death rate for those specific causes. Doubtless some causes are more
affected than others.

*  Tapre P.—PrrcENT oF DEATHS FroM ILL-DEFINED AND UNKNOWN
CausEs: DEATH-REGISTRATION STATES oF 1900 AnND EXPANDING
DEATH-REGISTRATION STATES, 1900-1940, Every FirtH YEAR

PERCENT OF TOTAL DEATHSY
CODED UNKNOWN

YEAR j
Registration | Expanding
States of registration

1900 States
1940. 0.20 1.49
1935. . 0.16 1.43
1930__ . 0.16 1.81
1925_ 0.23 1.46
1920. - 0.24 1.3%
1915 0.29 0.78
1910. L22 150
1905... 2,37 2.37
1900. _ 3.92 3.92

In certain instances, this factor of ill-defined and unknown causes
of death is much more important in comparisons between geographic
areas than in time trends. In 1940 only 0.01 percent of the certifi-
cates for Rhode Island were classified as ill-defined or unknown; in

& The change over thig time period is probably greater for some individual States than for the total group
of States given in table P.
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the same year more than 20 percent were so classified for New Mexico.
Therefore, the comparison of cause-of-death rates for these two States
would be'subject to many qualifications. “This is an extreme example,
but other States also show large proportions of unknown causes of
death. An indication of the magnitude of this problem is presented
in table Q, which gives the frequency distribution of States by percent
of dea’oh certificates showmg unknown and ill-defined causes for 1940.

TABLE Q.—FREQUENCY DISTRIBUTION OF STATES BY PERCENT OF
Deara CERTIFICATES SHOWING ILL-DEFINED AND UNENOWN
Cavuses: 1940

PERCENT OF ALL DEATHS CODED UNRNOWN (LIST NOS. 199, 200) N“stt‘}:gg; of

| moro®

-
3
Iz
Pod
©

=TTl

20.0-21.9

.

It should be recognized that the importance of considering the un-
known cause-of-death statistics might be even greater when a special
class of persons is being studied. For example, if comparisons of the
cause-of-death statistics for infants under 1-year of age are being made
between States, the importance of unknown causes of death is very
great. Table R gives data similar to that in table Q, but for infant
deaths only.

TasLE R—FREQUENCY DISTRIBUTION OF STATES BY PERCENT OF
DeaTe CERTIFICATES SHOWING ILL-DEFINED AND UNKENOWN
CausEs FoR INFANT DEaTus: 1940

e

PERCENT OF INFANT DEATHS CODED UNKNOWI (LIST NS, 199, 200) N‘gggg; of

9 J - 27
.9
9 » 1
9

I OO bt pma

12,0-13.9
14.0-15.9
18.0-17.9
18.0-19.9
20.0-21.9.
22.0-23.9.

24.0-25.9

| PR [

=
RE

B

739175 O - 47 -3
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Chapter III

DEFINITION AND INTERPBETATION OF VITAL
STATISTICS RATES

Anulysm of Mortahty and Natahty Data

The tabulation of the data given on death or birth certificates in
various classifications and cross-classifications gives basic tables of
the numbers of deaths or births in certain specified classés. In a few
instances the frequencies given in such tables relate to continuous
measurable variables, such as age. In the majority of instances,
however, the tabulated numbers are frequenéxes classified according
to quahtatwe characteristics, such as sex, race, geographlc area, or
cause of death.

The raw material for the arialysis of a vital statistics problém there-
fore usually consists of a count of the number of times a specified
event has occurred rather than a measured variable, such as height or
" blood pressure. For this reason, the characteristic methods of study.
and analysis applied to vital statistics are not primarily concerned
with means, medians, standard deviations, or other measures of cen-
tral tendency or dispersion. Rather, the analysis of vital statistics
is concerned more with the interpretation of various indices, ratios,
and probability numbers based on incidence or frequency.

The real value of the absolute numbers themselves should not be
overlooked. Vital statistics are used in relation to a wide variety of
problems. For some of these, such as comparisons of the health
conditions in different communities, relative numbers or rates of
several types may be necessary. On the other hand, an investigation -
of the adequacy of hospital facilities in a city may be based partly
on the total number of births or deaths irrespective of whether -
the birth or death rate for that city is “high or low. For such a
study, the number. of deaths by sex, race, age, and disease or cause of
death may be pertinent and valuable information. From an epidem-
iological of public health viewpoint, the number of deaths from
a rare or s deadly communicable disease may be of greatest interest
and importance, although it may be impossible to compute any
readily interpretable rate from the available information. Births to
mothers of unusual ages and the frequency of births of quadruplets
or quintuplets are of interest to the biologist. Tables of the number
.of births or deaths have 8 direct value in the estimation of populations,

27
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and for the study of migration. Such data also have a commercial
value to the manufacturers and distributors of infant clothes, infant
furniture, special infant foods, milk, and last but not least, coffins.

However, for the majority of uses for which mortality and natality
data are needed, the absolute frequencies are not enough, and it is
necessary to compute relative frequencies or other kinds of relative
numbers. The techniques of analysis may include the computation
of crude rates, different types of specific rates, percentages, life tables,
proportionate mortality figures, and indices of mortality, fertility,
and reproductivity. Each type of relative number has some specific
interpretation. In some instances, the meaning and the limits of
interpretation are clear and obyious, but in others, the meaning may
be very obscure and the relative number or index may be subject to
easy misinterpretation. The use of any vital statistics relative
number must therefore be based upon knowledge of the precise
definition of that number, and upon consideration of whether or not
that defined number conveys the exact meaning which is desired in the
interpretation. .

. Definition of Rates and Ratios

The principal vital statistics relative numbers are crude and specific
rates. More careful definition of these and other rates and ratios
requires a consideration of the meaning and general usage of the
terms “rate,” “ratio,” and “probability number.”

One of the primary objectives in the study of vital statistics data
is to measure the ‘“probability” or chanece that some event will occur.
Certain death rates are intended to be a measure of the probability
or risk of death in a given place during a stated period of time. The
infant mortality rate is intended to be an approximation to the chance
of dying during the first year of life. Other relative numbers in
common use have similar meanings. If it were possible fo know
the true risk of death in a city or country, it could be compared with
" the true risk of death in other cities or countries. Such comparisons
would be of great medical interest and importance. The. medical
problem would then be to determine the sanitary, physical, social,
or economic reasons for observed differences in the chance of death.

Not all vital statistics relative numbers have a direct interpretation
in terms of the chance that an event will occur. The extent to which
the various relative numbers measure such chances can be understood
by comparing their definitions with that of a probability number.
The mathematical theory of probability makes use of tivo general
definitions of probability. One is the definition of a priori probability.
This may be defined in the following manner (1-10):

If all of an aggregate of ways of obtaining suceesses and failures can be analyzed
into s’ possible mutually exclusive ways each of which is equally likely; and if f
of these ways give successes, the probability of a success in a single trial may be
taken to be f//s’.
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This definition "of probability is simple. Several examples will
llustrate its meaning In throwing a die, six different things can
happen. That is, the die can turn up any one of its six faces. -If the
die is true, it may be considered that each of these possible events is
equally hkely If an attempt is made to throw an ace, only one of
the six possible results can be a success. The probability of throwing
an ace is, therefore:

7 Number of events which are considered successes 1
8 Total number of possible events 6

If a bag contains 100,000 tickets and 2,000 of these are red, what
is the probability of drawing a red ticket? Obviously, in drawing a
ticket at random any one of 100,000 tickets may be drawn. And,
if the tickets are thoroughly mixed, it may be said that the drawing
of each ticket is equally likely. Since 2,000 of the tickets are red,
2,000 of the possible 100,000 events are considered successes. There:
fore, the probability of drawing a red ticket is: ’

N 2,000
. P=100,000

While this definition of probability is straightforward, it is not
particularly useful to the subject matter of vital statistics. It is
not, possible to know the number of different mutually exclusive and
equally likely sequences of events to which a person may be subject;
to determine how many of these events may result in death; and in
this manner to compute the probability of dying. When a single
live birth occurs, only one of two possibilities exists—the birth is a
boy or the birth is a girl. Yet it is not correct from this to state that
the probability that a given birth will be that of a boy is p=%. There
is no basis for assuming that the two possible occurrences are “equally
hkely ” The probability of death or of & male birth must be arrived
at in another manner.

The second mathematical definition of probablhty is more appli- .
cable to the problems of vital statistics. The a prior: definition of
probability is derived from an analysis of an event before any obser-
vations are actually made. The second definition is derived from an -
examination of data after a number of observations have been made,
and for this reason, it is called “a posteriori” probability. This
definition of probability is (1-8):

If the relative frequency of suceess approaches 4 limit when the trial is repeated
Indefinitely under the same set of circumstances, this limit is called the probablhty

of success In one trial.

Although there are several objections to this definition in actual
practice, it is applicable to the facts of vital statistics. If f deaths
have been observed during a stated time interval among a total of s
persons alive at the beginning of the interval and exposed to the risk |

0.1666.

=0.02.

)
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of "death throughout the period, then the relative frequency f/s is
considered to be an approximation to the probability of death of a
single person. According to H. L. Rietz (1-6):

. » . In fact, it is a fundamental assumption of actuarial science that we ma;
regard such a relative frequency as an approximation to the probability of deat
when & sufficiently large number of persons are exposed to the hazards of death.

This definition is also directly applicable to other medical statistics,
If s cases (where s is a large number) of a disease have been observed
under certain specified conditions and f of these cases die, then
the probability of death from this disease, under the specified condi-
tions, is approximately p=/{/s. :

The important point to note in this definition of probability is

that it is necessary to know the number of times that a certain event
could happen and also the number of times that that event did happen.
In the example of s cases of disease, death could have happened s
times, and in the series of observations, death did happen f times.
The probability is simply the ratio between these two numbers,
. In defining rates, ratios, and probability numbers the majority of
writers agree that a “ratio” is a ferm applied to the broad general
class of relative numbers formed by the division of one number by
another. They are of the general form:

Ratio=%s

where ¢ may or may not be a subclass of 5.

No such general agreement is found in the definition of a ‘“rate.”
Raymond Pearl (2—-176-177) and a number of other writers consider
all rates to be probabilities. A rate is defined by them as having
the form:

. aQ
Rafe—-ma

which requires that the numerator be a subelass of the denominator.
. Pearl states (2-177):

.+ . As defined above, each of the rates mentioned iz mathematically an
expression measuring a probability.

Other writers use the term “rate’” in a way that does not necessarily
have this probability connotation. For example, G. C. Whipple
(8-29) states:

Now rates are merely ratios referred to some round number as & base, When
100 is used as the base we bave a percentage rate, that is a rate per one hundred;
but we may use 10 or 10,000 or even 100,000 or 1,000,000 as & base, and very
often do so. In many cases we use one as the base. Thus we speak of ‘“‘gallons
of water per day,” meaning the number of gallons of water for one day, the
“number of persons per square mile,” meaning, of course, one square mile. All
of these rates, where only two quantities are compared may be called simple
rates. Simple rates have only one base.

Compound rates are those which have two bases. Thus we speak of ‘gallons
of water per capita per day,” meaning the number of gallons of water used b;,'
one person in one.day. The “number of births per 1,000 marriages per annum’”
would also be a compound rate. Most of the rates used for comparison in vital



statistics are compound rates as they involve both number and time, the Iatter
often being understood as one year, the calendar year perhaps, “

In another place (3—237) W]npple says:

For the sake of comparison the ratio mentioned [a ratio between deaths
and populatlon] is_reduced to the basis of some round number of population,
genfarg.élgil ,000, Not until such reduction is made may we consider thls ratio as
From these quotations it is evident that Whipple does not define
rates as probabilities, although probablhtles would be included as
one type of rate.

Accordmg to another deﬁmtlon, 9, vital statlstlcs ratio is considered
to be a “rate” only when it is defined in terms of a stated time penod
Thus the “death rate” (1 e., the ratio of the number of deaths in a
year to the exposed populatlon) is a rate because it is necessarily
related to the stated time period. The magnitude of this number is
intrinsically and necessarily dependent upon length of that time
period. If deaths for only 1 month were used, the ratio would almost
certamly be much smaller. The vital index (ratio of births to deaths)
is an example of a ratio that is not a rate according to this definition.
While, of course, the births and deaths used in its computation must
relate to some speciﬁed calendar period, the magnitude of the ratio
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of births to deaths is not necessanly a function of the length of that -

period.
Any survey of the terminology used in vital statistics literature will
show that it is qulte impossible to give a consistent and logical defini-

. tion of the term “rate” unless the commonly used termmology is

abandoned. For Pearl, a rate is a relative number in which the
denominator necessarily denotes the number exposed to the risk of
occurrence of the event. While, except for certain approximations,
this applies well enough to the death rate, Pearl continues to use the
term “crude birth rate” (the ratio of births to living population)
although the denominator, which is the total living population, can

hardly be considered as exposed to the risk of giving birth to a child.’

Because of such inconsistencies in accepted and usual terminology,
it is difficult to make a logical class1ﬁcat10n or definition of rates,
ratios, and probabilities. .

However, # rigid distinction between these terms is probably not
necessary. It can be recognized that, although rates and probability
numbers are ratios, there are also many ratios which are neither proba-

but there are many vital statistics relative numbers, commonly called

s

" bilities nor rates. Some vital statistics rates are probability numbers,

“rates,” that do not have a direct interpretation in terms of proba-~ -

bility. The only justification for a discussion of the. definitions and

meaning. of these terms is to call attention to the existing econfusion
in the commonly accepted terminology, and to emphasize that before

any ratio or rate is interpreted as expressing the probability of a given
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event, it is necessary to examine the definition of that particular
ratio or rate.

Vital statistics numbers that are immediately interpretable in
terms of probability are of great value since their meaning is casily
and clearly understood. Ratios that do not have a direct probability
interpretation, and the more complicated index numbers such as
adjusted rates, can only be interpreted inductively on the basis of
the study of actual data.

Interpretation of Vital Statistics Rates

The path to the correct interpretation of vital statistics rates and
ratios is beset with many difficulties. Some fallacious conclusions
result from errors of logic, while 6thers are due to a lack of informa-
tion regarding the various reasons for observed differences in rates.
The limitations and defects of vital statistics tabulations—lack of
complete data, underregistration, necessarily ambiguous or over-
lapping classifications, et cetera—must certainly be noted as qualify-
ing factors affecting any conclusions. However, entirely aside from
these factors, resulting from the nature of the data or from their
treatment, there are other difficult questiions of interpretation.

It is of little real interest to know, for example, that the death rate
in city A is greater than the death rate in city B. This information
becomes of real value only if it is further interpretable so that the
meaning and the reasons for this difference become clear. Tho
social, economic, biologic, or medical factors that have resulted in this
difference are the main points of interest.

One of the most frequent warnings which is given regarding the
comparison of vital statistics data is that interpretations of differences
must not be made when the data are “not compamble 7 'This proper
warning must be stated more completely.

If the vital statistics rates for two areas were “comparable” in
every way, then those two rates would be identical, save, perhaps,
for random sampling errors. The fact that two death rates are not
the same, indicates that there are essential differences in some of the
factors related to the death rate. These differences may be in the
age or sex distributions of the populations, in the sanitary conditions
of the areas, in the availability and competence of medical assistance,
or in any nurber of similar pertinent factors.

Usually when an observed difference between death rates is studied,
it is desired to interpret this difference in terms of some one specific
point of view, or to determine if the difference is “due to”’ some
specified factor or set of factors. Then, the warning that the data
compated must be “comparable,” ‘really means that they must be
essentially identical in regard to all other factors except the one or ones



DEFINITION AND INTERPRETATION 33

in terms of which the interpretation is to be made. Conceivably,
.death rates may be used to demonstrate the existence of differencesin -
the age dlstnbutlon of two populations. - For such a purpose the data
contrasted may or may not be identical with reference to the age .
distribution of the population but they should be identical (i. e.,
“comparable’”) in regard to health conditions, available medical
services, and all other factors. Or, if death rates are studied as
one means of determining the relative effectiveness of the curative
medical services in two areas, all other pertinent factors—age distri-
bution, basic health conditions, et cetera—must not be appreciably
different. If it were desired that differences in death rates be
interpreted as differences in public health conditions, then the data
must be similar with regard to the age-sex distribution of the popula-
tion, availability of medical services, and all other factors. There-
fore, if it is known that the areas studied are the same with respect
to these factors, then the data are ‘ comparable” and g valid conclusion
can be drawn. If, on the other hand, it is known that differences do
exist in these factors, then further analysis will be necessary before a
valid interpretation can be established.

The failure to take account of differences other than those con-
sidered in the interpretation has also been termed the ‘“fallacy of con-
cealed classification’” (3-290). To use Whipple’s example:

. If we classify males according to occupatlon we might find that the death-
rate of bank presidents was higher than that of newsboys; but this would not be
because of different occupation but because of different ages.

If such a difference were accredited solely to differences in occupation,
the conclusion would be based on “noncomparable’”’ data because the
data for bankers and newsboys differed in respect to age, and age was
omitted from the interpretation.

Although "the fallacy of concealed classification appears often
because of lack of knowledge about important correlated factors, it can
also be created by the combining of data collected from different
sources or by different techniques. This has also been called “mixing

of noncomparable records’’ (4-125).
An equally serious fallacy arises from failure to consider the period

of exposure to risk or the use of an incorrect figure to represent the
group exposed to risk. Obviously, however, consideration of the
exposed-to-risk question is necessary only when it is desired to interpret
a rate as a probability number. Any number of ratios, indices, or
other relative numbers may be computed for which no exposed-to-risk
data must be had. But, if any relative number is to represent the
chance of death for any defined class under any given conditions, the
numerator must show the number of deaths in that class and the de-
nominator must be the number of persons in that class exposed to risk
of death under the given conditions. A. Bradford Hill (4-131) gives




34 VITAL STATISTICS RATES

several examples of the kind of studies that are occasionally made
without adequate data on the number exposed to risk. In one study
it was found that 15 percent of all infant deaths were of infants living
_under unsatisfactory housing conditions. The apparent conclusion
that bad housing increases infant mortality is not justified until it is
known what was the percentage of infants not dying who lived under
the same conditions. In another example (4—132):

After very careful inquiry it is shown that of motor-car drivers involved in
accidents a certain proportion, say three-quarters, had consumed alcohol during
gome period of hours previous to the accidents, and one-quarter had not. The
deduction that alcohol contributes to the risk of accident is not justified from
these figures alone. )

AsHill points out:

Tt is well recognized that white sheep eat more than black sheep—because there
are more of them.

Other illustrations can be given to show the importance of using the
correct exposed-to-risk figure. Consider the problem of computing
the female probability of death at all ages. If such a probability were
computed from the formula:

Number of female deaths in a ealendar year
Total population at midyear

Probability of death for females

the fallacy would be immediately obvious. The denominator includes
males as well as females, and & male person in the population does not
represent a person exposed to the risk of a female death. The correct
method would be to use only the total female population as the denomi-
nator.

Such an example is too obviously incorrect to represent a likely
error of interpretation. In other instances the existence of the same
kind of error may be more obscure. For example, it is known that the
occupation given on the death certificate is generally the usual occupa-
tion. That is, if 2 man has been a lawyer most of his life but at the
time of his death he had been retired for several years, his occupation
probably would be stated as “lawyer.” On the other hand, the occu-
pation requested on the schedules of the United States Populution
Census is not the usual occupation but the present occupation. In
population tabulations, the retired lawyer would not be classified in
any active occupation.

. If data tabulated in this way were taken to compute the probability
of death for lawyers at all ages, the formula would be:

Number of deaths of lawyers as given on death
certificates N
Number of lawyers in the population as given
by the population census

But the numerator includes lawyers active and retired, whereas the
denominator includes only active lawyers. Here, to a smaller degree,

Probability of death for lawyers=
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is a fallacy similar to computing the female death rate on the basis of
the total male and female population. -

When different figures are used in the denominator of & ratio, it
obviously takes on & different meaning. For example, a rate is some-
times computed which is the ratio of the number of women dying of
puerperal causes to the total population. This ratig is in no sense a
messure of the chance of dying from childbirth, but it may be a useful
number indicating the “toll’”’ which this particular cause of death
levies against the populatmn It indicates the proportionate reduc-
tion of that population because of this cause of death. If a rate
measuring the risk of death from childbirth is to be computed, the
denominator must be limited to that group exposed to such risks,
namely, women within certain age groups or perhaps only pregnant’
women.

The requirement that the denominator of the death rate must be
exactly that group exposed to the risk of death; is frequently very .
difficult to meet. Clearly, a rate expressing the risk of ma,tcrnz}l
death should not be computed on the basis of both males and females.
But what groups.are exposed to the risk of maternal deaths? Cer-
tainly women whose pregnancies have reached full term are exposed to
such risk. But, are women in the early stages of pregnancy cxposed
to such risk? Are not all women within certain age groups—at least
married women within: those age groups—exposed to the risk of preg-
nancy and therefore to the risk of puerperal death? The question has
no definite answer, and consequently there is no single médternal'déath
rate that has the sole claim to.be the measure of the probability of
maternal death.

Some deaths are classified as due to “semhty ” -What is the group °
exposed to the risk of death from this cause? Of course, the older age
groups are so exposed, but just at what .age does such risk become
nonexistent? Senility is an ambiguous and ill-defined cause of death,
but many other more accurately defined causes of death are charac- -
teristic of certain parts of the age distribution. By what methods can
exact age limits be set and the correct number exposed to the risk of .
death from such diseases be computed? Unless the answers to such
questions as these can be determined, the requirement that a rate must
be based on the exact number exposed to the risk cannot be strictly
adhered to.

A similar problem has been raised with reference to the computation
of other rates, such as the death rate for automobile accidents. The
ratio of deaths from automobile accidents to the total population of an
area has been criticized as an “incorrect” automobile-accident “death
rate.” Other ratios have been computed relating these deaths to such
factors as number of automobiles, mileage traveled, or gasoline con-
sumed. A more complicated index based on the ratio of automobile-

-
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accident deaths to the product of population and number of auto-
mobile accidents has been suggested (5-511). The designers of this
ratio state:

Thus it is apparent that computing death rates from automobile injuties
onsa populatlon basis alone, without giving consideration to the number of motor
cars in the city, ma.y lead to incorreet conclusions.

Tt is really necessary, for accuracy, that both factors be mcluded in the method
* of computing rates.

Obviously, however, any of these ratios may be* correct’” and accurate,
but each has a yery definite and different meaning. The ratio of resi-
dent automobile-accident deaths to the population of an area is in-
tended to measure the chance that a resident of that area will die as the
result of such an accident. These residents, and the insurance com-
panies insuring their lives, are interested first of all in the over-all
chance of their accidental death. If.is possible that the efficiency
of traffic regulation in a city may be more accurately measured by the
ratio of accidents to the number of automobiles. One city may have
a low accident death rate per automobile, thus indicating that the
automobile, as a lethal instrument, is better controlled than in a city
with a higher rate per automobile. At the same time this city with
the low rate, computed as the ratio of deaths to number of automo-
biles, may have a high rate computed as the ratio of deaths to popula-
tion if the number of automobiles operating in the city is high. Many
specific questions can be asked, and to answer each, it may be necessary
to conmipute o slightly different type of automobile-accident death rate.

Some of the possible errors of interpretation of vital statistics
rates and ratios that have been discussed relaté to vagueness of defi-
‘pition or error of logic in interpretation. Other qualifications arise
from imperfections in the original data or from the impracticability of
tabulating or of using these data in extremely detailed classifications.
To be used easily, the data must be grouped, and small differences con-
cealed by these groupings sometimes affect major points of inter-
pretation.

The preceding qualifications and limitations on the data should not
be ignored. However, it is also important to emphasize that their
existence does not destroy the value of vital statistics for most general
purposes. The “fallacy of overcriticism” should also be avoided.
The analysis of small differences or the exact evaluation and inter-
pretation of a statistical table may require, careful study of many
related elements. However, the principal trend of the crude birth
and death rates, the increase or decrease in the number of deaths
from certain causes, the major differences in rates among States—these,
and many others, are basic vital statistics facts that are not affected
by minor criticisms.
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. ~ Crude Death Rate

The most common, and perhaps the most valuable, smgle death
rate is the crude rate. It is computed from the followmg formula,

D
mcd=“Pk:; '

¥

where:

meqg=crude death rate,
D=total deaths for a given area, time interval, and calendar period,
P=total population representing the average number of persons exposed
to the risk of death,
k=a constant usually taken as 1,000.

The crude death rate is so named to distinguish it from specific
or adjusted rates that have more definite or limited interpretations.
It represents the total over-all death rate without regard to the various
component elements that combine to produce the total figure.

The crude death rate is defined in regard to event, that is, it refers
to all deaths, but it must be further defined with reference to time,
area, and basis of tabulation. The area (country, State, county,
city, et cetera) must be definitely stated, and since the rate is usually
expressed as the “number of deaths per year per 1,000 persons,” the |
time period is 1 year. In addition, the calendar year or fraction of
year to which the rate applies must be given.

The number of deaths that occurred during the year for any given
area is readily obtainable from a tabulation of the deaths registered.
However, since the population of an area is constantly changing, it
is very difficult to obtain the exact average of the number of persons
exposed to the risk of death in that area throughout the year. The
population at midyear is usually taken as a satisfactory estimate of the -
number of persons exposed to the risk of death throughout the year,
and almost all crude rates are therefore computed from the estimated
population as of July 1 of the given year. However, if the population
is changing rapidly, this conventional method can result in an appreci-
able error. In many instances, midyear population estimates are
not-available, and populations referrmg to some other date are used.
This is justified only if the assumption is made that the error introduced
thereby is negligible for the purposes for which the rate is to be used.
‘Some rates for census years, published in this volume, are based on
enumerated populations rather than on populations estimated as of
July 1. It is assumed that the errors of population estimates are
greater than those introduced into the rates by using enumerated
populations of a date only a few months from the midyear.

The “basis of tabulation” is more difficult to state exactly. Since
it is desirable that the crude death rate have a probability interpreta- -
tion, the numerator (i. e., the death figure) should represent the actual
deaths occuiring to the population group used in the denominator.
In the census of the United States the population figures are compiled,
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as far as possible, on a de jure basis. 'That is, the population for each
geographic unit is the number of persons who, at the time of the census,
had their usual place of residenee within that unit. Because of tho
temporary movement of people from one area to another, the number
of deaths which occur and are registered in one place may not, represent
the number of deaths occurring to the population of that area. Death
rates computed from the number of deaths registered in a given area
regardless of whether or not they occurred to residents of that area
are termed “recorded death rates” or death rates by place of occur-
rence. Such recorded death rates have a definite meaning but they
cannot be interpreted as probability numbers representing the chance
of death unless it is known that the difference between the recorded
rate and the rate based on actual deaths to the exposed population
_ is negligible.

The fact that a recorded rate for a city is frequently much higher
than the figure which expresses the chance of death for the residents
of that city is well known. These higher recorded rates are due partly
to the fact that nonresidents making usc of urban hospital facilities
frequently die in the city. In an effort to obtain a closer approxi-
mation to the probability of death, a rate based on deaths excluding
deaths of the nonreSidents has sometimes been computed. This
rate, called the “local death rate,” has been suggested ag an
appropriate measure to be used in studying the samnitary conditions
within a city (8-241). However, since this rate excludes all the
~ deaths of nonresidents dying within the area, but fails to include
deaths of residents of that area dying elsewhere, the local death rate
is necessarily lower than the correctly computed probability of death.
This rate, underestimating the chance of death, is widely recognized
as being very deceptive and is now used very little. The rules of sta-

tistical practice recommended by the Vital Statistics Section of the
" American Public Health Association include the following, which is
intended to disccurage the use of local death rates:

Rule 11 (adopted 1908)—All deaths of transients or nonresidents occuri'ing ina
state or city should be included in the tables of fotal deaths.

The crude rate for an area which most nearly approximates the total
probability of death is a rate computed by dividing the deaths occur-
ring to that population regardless of where those deaths occur by the
resident population of that area. This rate is called the “resident
deéath rate” and is based on deaths tabulated according to place of
residence. Since the tabulation of data in this way presents & number
of technical difficulties, not all official mortalify data are available
- according to place of residence. In the United States, the Bureau of
the Census began the tabulation of mortality data on 2 residence basis
in 1914, but it was not until 1935 that detailed tabulations on this
basis were made.
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The computation of death rates on the basis of residence i is, in &
sense, a departure from the use of rates that have a definite gcographic
interpretation. The resident rate for any city or other geographic
unit includes deaths that occurred in other areas, and without doubt
some of these deaths were due to health conditions, ct cetera, in these
other areas and not in the area for which the rate was computed. This
departure from & strict area rate has led to the compilation of mor-
tality statistics on bases other than those of place of occurrence of the
death, and place of residence of the decedent. Some State vital sta-
tistics offices tabulate.homicides according to place of homicide, acci-
dental deaths according to the place of accident, and deaths from
certain types of diseases according to the place Where, presumably,
the discase was contracted. Relatlve numbers based on deaths so’
tabulated may have specific meanings, and for some’ purposes they
may be valuable and interpretable ratios. However, it is practically
impossible to determine the exposed population among which the
deaths ‘occur. Generally the estimated resident population of the
area is used, but if so, such rates do not in any way express the chance
of death.

The crude death rate has been widely crltlclzed as a measure of the
force of mortality. According to Pearl (2-177):

So many variables besides those essentially lethal can (and do) influence

the stated values of crude death-rates as to make them rathet untrustworthy for
any but the broadest and roughest conclusions and estimates.
This eriticism is based primarily on the fact that a comparison of crude
death rates is a comparison of the mortality experience of populations
that may differ in essential characteristics, such as age dlstrlbutxon.
As Pearl states (2-179):

The crude rate from all causes . . . is wholly unreliable as. an index of the
relative mortality in different places, unless it be first shown by a preliminary in-
yestigation that the populations of the places compared are substantially identical
in age and sex distribution, a condition which is usually not carried out.-

* Since there is probably less difference between the population com-

position of a community in consecutive, years, than between different -

communities in the same year, some writers agree with Sir Arthur
Newsholme (6-191): )

The crude death-rate for one year in an area with a small population may
be’ compared with the death-rate in the same area in other years, within the same
decade, but not ]egxtlma.te]y with the death-rate of other areas.

A.lthough due weight must be given to these warnings about the
meaning of the crude death rate, their real importance depends upon
what conclusions are to be based on the rate. In the first place, the
crude death rate can be considered as a probability number, expressing
the average chance of death for persons in a given group. In another
sense, it is 8 number that expresses the proportionate toll or tax levied
against the population by death. In both of these senses, the crude
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death rate is a valid number, and comparisons can justifiably be made
in spite of any differences in the population composition of compared
groups of people, or in the conditions under which they are exposed
to death.

However, 8 majority of the studies of vital statistics have been made
by persons who are not primarily interested in the total probability of
death, or in the bare facts of the proportionate reduction of a popula-
tion by death. The main interest in vital statistics has been to
interpret death rates as measures of relative health or sanitary condi-
tions. To interpret a crude death rate as a measure of health condi-
tions may be incorrect since (7-33) ‘It reflects the combined influence
of all the conditions affecting mortality.” ‘All the conditions”
include differences in factors such as age distribution as well as many
others,

A number of other terms have been used instead of the ““crude death
rate.”” Some of these, such as the “gross death rate,” the “general
death rate,” or the “annual death rate,” are used in a sense synony-
mous with the crude death rate, but others have slightly different
meanings., The term “revised death rate’” has been used to differen-
tiate rates based on revised population estimates from previously
published rates based on preliminary population estimates (3-243).

"'The name of “refined death rates” (8-14) was given in early census
publications to a rate based on deaths allocated to place of residence,
and then corrected for age and sex by applying a factor. Whipple
(8-242) uses the adjective “corrected” to apply to rates based on a
final and corrected tabulation of the number of deaths. The term
¢ corrected death rate’” is not, however, commonly used in this sense.
It is now generally applied to a mortality index number that has been
adjusted to “correct”’ for differences in age distribution.

Frequently the death rate is called the “mortality rate.” This is
not likely to result in much serious confusion, although the two terms
are given precise and distinet meanings in -actuarial writing. The
ratio that is discussed in this section as the crude death rate is known
to actuaries as the “central death rate” because its computation is
based on the midyear population. The term “‘rate of mortality” is
applied to the probability of dying'in 1 year (g,) as defined and com-
puted for a life table. This is, to be specific, the probability that a
person alive at the anmversary of birth. will die before reaching the
z-+1 anniversary.

For the total deaths, the difference between the central death rate
and the mortality rate is not great, and, under certain assumptions,
they have a definite relationship. When a uniform increase in
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population Is assumed, the two values are related by the expression
(9-338):
B Me

== THim,

where: I

gz=mortality rate,
* mz=central death rate. . -

Death rates for time periods shorter than 1 year (days, weeks, or
months) are usually computed by converting the deaths to an annual
basis. This conventional method of expressmg all rates in terms of
the same _tlme interval facilitates comparisons between rates for time
periods of varying length. In adjusting deaths to the basis of 1 year,
account must be taken of the variation in the number of days in the
different months. The same midyear population estimate is used for
computing the rates for months, weeks, or other part-year periods.
Obviously death rates based on deaths for ‘a short time period will
show greater vanatlon than rates based on 1 year.

Specific Death Rates

Specific death rates are computed from the following formula:
d;

mad="?ikl

where:
m,g=specific rate for any defined it class,

d;=deaths occurring to persons in the 2tb class for a stated area
and time,

ps;=population, or persons exposed to the risk of death in the ¢th
class for the same area and time, .

k=a constant usually taken as 1,000, although for certain kinds
of specific rates k=100,000 is sometimes used.

Although crude death rates are of primary importance in the study
of vital statistics, they are quite inadequate for any detailed analysis.
Although it is important to know the risk of death, considering the
population as a unit, most studies require more precise information
than this. 'The medical specialist in a certain disease is interested in-
knowing the chance of death from that one disease; the industrial
hygienist wants to.know whether the probability of death for one
occupational group is greater than for another; for the insurance com-
pany it is necessary to know how the probabﬂlty of death changes
with age. For all of these special questions the crude rate is obviously
insufficient. - '

From the general formula, specific rates may be computed for any
defined class of the population. Specific rates for different age groups
are called “age-specific rates”; rates for sex, “sex-specific rates” ; rates

for race groups, “race-specific rates.” Rafes may also be specific for a

739175 O - 4% - 4
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* combination of characteristics. For example, age-sex-race-specific
death rates are rates which are computed separately for each age group
by race and sex. -

Since specific rates may be .computed for an endless number of
different characteristics and combinations of characteristics, each
specific rate has a different meaning. Nearly all specific rates are in
the nature of true probability figures. That is, the denominator of
the ratio represents the total number of events that could happen, and
the numerator the number thdt did happen. According to Pearl
(9-179): : :

Specific death-rates are the true and best measures of the force of mortality.
They furnish a real and meaningful measure of the probability that certain speci-

fied kinds of persons will die within the time period (usually one year) specified
in forming the rate.

Specific death rates are also computed for certain diseascs using the
formuls:

m!cd=%k,

where:
mqca=specific cause death rate,
dy=deaths from some specified cause of death,
P=total population exposed to the risk of death,
k=100,000, i
The basic importance of cause-specific death rates is shown by the
great amount of time and study that has been given to the development
and to the revision of the International List of Causes of Death. The
whole problem of the correct classification of deaths exists primarily
because of the need for cause-specific rates that are comparable from
one area to another and from one year to another. i ’
Most of the cause-specific rates are probability numbers in the sense
that they are approximations to the risk of dying from given diseases.
Thatis, the total population represents the average number of persons
exposed to the risk of death from these diseases, and the number of
recorded deaths represents the actual deaths that occurred. For cer-
tain causes, however, this meaning is not strictly correct. For
instance, if the death rate for cause No. 139 is computed in this way,
an obvious absurdity results. International List No. 139 is “Dis

eases of the female genital organs,” and it is clear that the male part

of the total population is not exposed to the risk of death from this
cause. Similar examples could be found in the case of diseases that
are definitely characteristic of one part of the age distribution. To
compute a rate for a diseasc that occurs among older persons only,
on the basis of the total population, gives a figure with little probability
meaning because the younger members of the population are hardly
exposed to the risk of death from such a disease.

While the fallacy in extreme cases is obvious, the same error exists
to a smaller extent in many other cause-specific rates. When a cause~

-
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specific rate involves this error, it carmot be interpreted as accurately
representing the chance or probability of death from the disease. In
such cases, the rate must be considered solely as indicating the pro-
portional .part of the total population that is lost each year from: this
cause of death. For this reason, Pearl (2-178) considers it to be a
special type of crude rate. Other writers, however, refer to this rate
for a single cause computed on the basis of a total population, as a
specific rate (3-275), (10-1). Since the term “cause-specific rate” is
apparently in general use, the rather subtle distinction between it and
other kinds of specific rates must be emphasized.

Death rates for any limited class of the population have also been
called “special death rates,” “particular death rates,” “limited death
rates,” or “restricted death rates,” but these terms are not in general
use,

Infant Mortality Rate

The infant mortality rate is usually computed according to the
following formula:

=%
Bk

where:

my=infant mortality rate,
d-;=deaths of infants under 1 year of age (exclusive of stillbirths) during
specified time period,
B=total number of live births occurrmg during the same time perxod
k=1,000 (the factor ¥=10,000 is sometimes used).

i

The infant mortality rate is of importance for several reasons. In -

the first place, mortality is usually very high during the first year of
life, and this in itself presents a challenging problem to the medical
profession. The high mortality in later years of life is to a large extent
due to a biological factor that cannot be changed, but an excessive
number of deaths in the younger years represents a problem that can
be solved. Turthermore, the experience of many countries in greatly
reducing their infant mortahty rates, shows that the knowledge and
techmques necessary for the saving of infant lives are known to medical
science. By some writers the mfa,nt mortality rate is even considered
to be an index of the plane of living or the cultural level of a society.
At least, nearly everyone would agree with H. M. Woods and W. T.
Russell (7—35) that the infant mortality rate ‘. . . is a mostimportant
index in Public Health work.”

The infant mortality rate, computed as defined, is a substitute for
an age-specific death rate since it is intended to be a measure of the
risk of death during the first year of life. If the infant death rate
were an age-specific death rate comptited in the usual way, it would
be the ratio of infant deaths to the infant population exposed to' the
risk of death throughout the year. However, the infant population

+ .
~ !

a2




L ]
44 VITAL STATISTICS RATES

is the most difficult age group of the total population to enumerate
accurately, and large errors in the census figures for this age group are
generally recognized. Further, any estimate of the living infant
population must necessarily be based on the number of births and on
the seasonal distribution of births and deaths. Because of the diffi-
culties in making exact estimates of the infant population, the infant
mortality rate is universally taken simply as the ratio of infant deaths
during a given year to the recorded births for the same calendar period.
However, if the birth rate were constant, the number of births oecur-
ring during any year would be somewhat greater than the averace
number of infants exposed to death throughout the year. For this
reason, the infant mortality rate is not comparable with age-specific
rates at higher ages. In tables presenting age-specific rates for dif-
ferent age groups, the age-specific rate for the group under 1 year is
frequently given. This age-specific rate should not be confused with
the infant mortality rate which, as defined here, is computed on the
basis of live births.

Even when infant mortality rates are based on the births during
the calendar year, rates from one year to another will not be compa-
rable if the birth rate is fluctuating widely. The deaths under 1 year
of age during any calendar year are deaths not only of infants born
that year but also of infants born during parts of the previous year.
Therefore, if the birth rate is rapidly declining, the infant‘mortality
rate will be too high because deaths for some of the births of the last
year are related to a lesser number of births this year. Conversely,
if the birth rate is increasing, the infant moxtality rate will be too low.

An approximate correction for this error can be made by relating
the infant deaths not to the births occurring in only one year, but to
the births occurring in the two calendar years in which infants dying
in the first year of life have been born. That is, the denominsator of
the rate would be composed of a certain proportion of the births of the
present year and of the births of the previous year. The proportion
of the births of each year is dependent upon the proportion which
infant deaths during any calendar year are of children born in that and
the previous calendar year.

In correcting infant mortality rates for England and Wales during
the years after the war of 1914 t0.1918 when birth rates were rapidly
changing, the Registrar-General (11—axviii) used 70 percent of the
births of the current year plus 30 percent of the births of the previous
year. Studies made for the United States Life Tables (9-840) indicate
that for males a proportion of 72 percent and 28 percent would have
been more accurate for the United States at that time. The corre~
sponding proportions for females ‘would have been 71 percent and 29
percent. These proportions are not fixed and would change with
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AN
variations in the distribution of infant deaths for subdivisions of the
first year of life.

A numerical example will illustrate the magmtude of this correction.
In 1937 there were 2,203,337 births registered in the United States
with 8 crude birth rate of 17.1. In the following year the rate increased
slightly to 17.6 with 2,286,962 registered births. In the same year
(1938) there were registered 116,702 infant deaths. If°“the infant
mortality rate for 1938 is cdmputed in the usual way, the result is:

116,702
Infant mortahty rate—2 286, 962X 1, 0{)0 51.0.

When corrected for the fact that some of the 1938 infant deaths were
of 1937 births by using as a denominator 72 percent of the 1938 births
plus 28 percent of the 1937 births, the result is:

116,702 ~
Corrected infant mortality rate= [0.72) (2,286,962) + (0.28) (2,203,337

116,702 3
=3968,547 1,000=51.6.

Thus it is seen that a change of 0.5 in the crude birth rate results in
an underestimate of slightly more than 1 percent in the infant mor-
tality rate. It is, therefore, apparent that the infant mortality rate,
as usually computed, is not in serious error because of this factor unless
the birth rate is changing very rapidly. In Utah, for example, the
birth rate dropped from 33.1 in 1918 to 29.2 in 1919. The conven-
tionally computed infant mortality rate was 71.0 in 1919, whereas the
rate corrected for the deérease in births would be 68.9. 'This difference
of 2.1 between the corrected and uncorrected rates is sufficiently la,rge
for the uncorrected rate to be misleading.

For certain purposes, an even more accurately computed rate may
be necessary. A more exact method, relating infant deaths to their-
corresponding births, has been used by the Registrar-General -of
England and Wales ({1-xzwiii) for certam periods when the birth rate
was changing rapidly. -

Much of the error in the infant mortahty rate comes not from any
ambjguity of definition of the rate but from inaccuracies ifr the basic
" data from which it is computed. Among the sources of inaccuracy
are the differences in the definition: of a stillbirth, which are discussed
in the section on the crude stillbirth ratio. Without doubt many live
births for which death occurs almost immediately are registered as
stillbirths, and some stillbirths'are registered as live births and infant
deaths.

A more serious source of error is underregistration. In the United
States, considered as a unit, the undelreglstratlon of births is about
8 percent, but this percentage varies greatly among States and smaller
county or city units. Since the number of births enters into the com-
putation of the infant mortality rate, any underregistration aﬂ’ects the

X1,000
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validity of its interpretation as a probability number. Even if the
infant mortality rate is regarded simply as a ratio or index of infant
mortality, comparisons between areas or years are invalidated by
differences in the completeness of registration. A decline in the infant
mortality rates may not necessarily indicate an improvement of
mortality conditions. °As I. S. Falk points out (12-74):

. . . without saving a single infant life it is possible to lower the infant mortality
rate by improving birth registration. '

It is possible to obtain some approximation to the error created
by underregistration of births because the Bureau of the Census has
made recent tests of the completeness of birth registration. The
counteracting effect of incompleteness of death registration is not so
well known or so easily measured. It is generally assumed that
death registration is much more complete than birth registration.
However, there is evidence to indicate that the registration of infant
deaths is less complete than the registration of deaths at older ages.
While birth registration can be effectively tested by several methods,
one of which is the comparison of registered births with infants enu-
merated in the census, no equally effective method has been developed
for the testing of death registration.

Neonatal Mortality Rate
The neonatal mortality rate is defined:
d—lmn
m,,=—B-k,
where:

my=neonatal mortality rate,
d.1m,=deaths of infants under 1 month of age (excluding stillbirths) during
specified time period,
B=total number of live births oceurring during same time period,
k=1,000 (the factor £=10,000 is sometimes used).

The neonatal mortality rate, like the infant mortality rate, is a
substitute for an age-specific death rate. Its purpose is to measure
the chance of death during the first month of life.

The datd on which this rate is based are subject to the same sources
of error discussed for the infant mortality rate. Any variation in the
definition of stillbirths will have an effect on the tabulated number of
deaths at early ages. Also, underregistration of infant.deaths or of
births introduces relatively greater errors into the neonatal rate than
into other age-specific rates.

The relative importance of the infant mortality rate and the neonatal
mortality rate depends upon the proportionate distribution of age at
death under 1 year. Generally, when the infant mortality rate has
been reduced to a low figure, it is found that a large proportion of
infant deaths occur during the first month of life. The neonatal rate
then becomes an impoitant measure of the principal remaining prob-
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lem. On the other hand, when the total infant mortality is high, a
larger proportion of deaths are usually distributed in the older ages
under 1 year. In such cases the infant mortality rate is probably a
measure of more general value. '
The term “neonatal mortality rate’ has bcen cr1t1clzed According
to Newsholme (6-341):

The mortality in the first month is sometimes described as nes-nainl, it
bemg ‘assumed that the ante-patal circumstances or circumstances of birth itself
are the chief causes of deaths at this period. The supposition is only partially
correct, and it appears better to describe this death-rate as the death-rate of infants
imderhone month per 1,000 births, a clumsy statement, but free from ambiguous

ypothesis.

Under 5-Year Death Rate

The under 5—yea.r death rate may be computcd from the following
formula:
177,—5=§;k
P-s
where:
m-s=age-specific death rate for children ages 0—4
d_;=2ll deaths at ages 0—4 exclusive of stﬂlbu‘ths,
p-s=living population ages 0-4,
=1,000.

This rate is, in fact, nothing more than the age-specific rate for
children under 5 years. However, it is an important rate since the
mortality is usually higher at this age than at any other quinquennial
age group except at ages over 55 or 60 years. The emphasis that has
been placed on infant and neonatal mortality has tended to obscure
the importance of deaths of children in other age groups.

In many areas of the United States where the public health program
has made substantial progress in the reduction of deaths from com-
municable diseases that cause many deaths at younger ages, the death
rale in the age group 0 to 4 years has greatly decreased. In these
areas the infant mortality rate or the neonatal mortality rate is a
more specific measure of the remaining problems. But in other
countries or areas not so advanced in public health'work affecting
child mortality, the death rate for the whole age group 0 to 4 years
may be the most significant and important rate.

Unlike the infant mortahty rate, the under 5-year rate is not based
on births but on enumerated or estimated population. Since the
number of persons living in this age group is difficvlt to determine
accurately by enumeration, the rate is usually based on an estimated
population. A method of estimating the population of this age group
from tabulations of the number of births and deaths by ages, has been
described in several publications (18-283).




48 VITAL STATISTICS RATES

Maternal Mortality Rate
The maternal mortality rate is defined:
d,
mmat=_B—ky

where: _
Mg =maternal mortality rate,
d,=all deaths from puerperal causes (International List numbers
140-150) for a given area and time period,

B=total number of live births for the same area and time,

k=1,000 (£=10,000 is sometimes used).

The preceding formula defines the maternal mortality rate for all
ages. It is also possible to compute age-specific maternal mortality
rates. To do this it is necessary to have the maternal deaths tabu~
lated by age and to use in the denominator the number of births
classified by age of mother. The birth figures represent approxi-
mately the number of women exposed to the risk of puerperal death
at different ages. '

The maternal mortality rate is a true probability number since it is
intended to be a measure of the risk of death from this cause. The
numerator includes all deaths that can be aseribed to childbirth as
the cause of death (International List numbers 140-150). There is,
however, ambiguity in the assignment of these deaths, and the validity
of comparisons on sn international basis is questionable.

The use of the number of live births, as the number exposed to the
risk of puerperal death, is also open to question. A more correct
procedure would be to compute the maternal mortality rate as a ratio
of the deaths to total pregnancies or total confinements including
those terminating in abortions, miscarriages, and stillbirths as well as
those terminating in live births (6—470). A rate computed in this
way would give a more exact estimate of the probability of puerperal
death, but such a rate is not in general use because of the unreliability
of information regarding the number of confinements terminating in
miscarriages or stillbirths. Accordingly, the maternal mortality
rate based on live births is recognized as somewhat overestimating
the true risk of death from this cause, but it is nevertheless considered
to be a more stable and comparable figure than one based on total
confinements (6—470).

Several other minor errors also enter into the use of total live
births as an estimate of the number of women exposed to the risk of
puerperal death. Any instance of plural birth may result in 2, 3, or
4 live births but only 1 mather is exposed to the risk of death. In
1940 there were recorded in the United States 2,360,399 live births.
Of these there were 24,976 cases of twins, 247 cases of triplets, and
3 cases of quadruplets. Considering these plural births, there were
2,336,604 cases of births, and, to be strictly correct, this figure should
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be used as the denominator of the rate. The use of 2,360,399 live
births rather than 2,336,604 total cases of birth introduces an error
of sbout 1 percent in the computed rate. Since the number of
cases of birth is frequently not available, the error caused by substi-
tuting ‘the number of live births for it, is usually neglected. Another
source of minor error arises from the fact that some of the maternal
deaths occurring during any calendar year may be the consequences
of confinements of the previous year. This same type of error was
discussed in connection with the infant mortality rate, and if the birth
rate is changing rapidly, an appreciable error could be introduced
into the maternal mortality rate. However, if the average interval
between & confinement and a subsequent maternal death is less than
the average age at death of mfants then this source of error will be
relatively less mportant for the maternal mortahty rate. )

A greater error in the maternal mortality rate is caused by the
underregistration of live births. Any underregistration of live births -
results in an overestimation of the maternal mortality rate unless the
maternal deaths are proportionately underregistered.- In the case of
the infant mortality rate, it is possible that the underregistration
of infant deaths compensates somewhat for the underregistration of
births. But, since the registration of adult deaths is undoubtedly
much more complete than the registration of births, this factor does
not compensaté for the error in the maternal mortality rate. How-
ever, the ‘error results in an overstatement rather than an under-
statement of the risk of puerperal death so that the attention of
health officials is not thereby diverted from this important problem.

The difference between the maternal mortality rate and the puer- .
peral death rate should be noted. The puerperal death rate is simply
a cause-specific rate and is computed from the ratio of puerperal
deaths to total population. This rate is not a probability number but
merely represents the tax on the total population. because of puerperal
deaths. It does not measure the risk of death to a woman from
puerperal causes since a greater part of the total population (males,
children, women in older age groups) is not exposéd. to the risk of
death from this cause. .

Various other methods have been used to compite death rates for
puerperal causes. Rates have been computed on the basis of total
population, total female population, female population of ages 15 to
44 years, total married female population of ages 15 to 44 years, or
other groups. All of these rates have special meanings and are of value
for certain definite purposes. However, for almost all purposes, as a
general measure of the risk from maternity, the maternal mortality.
rate based on live births is of greatest value.
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. Déath Ratips

- The death ratio or, as it is often called, “proportionate mortality”
is defined as: )

’ Rta='d—'.

D ¢}
where:
4Rt g=death ratjo,

d;=deaths in some specified class during a stated time,

D=total deaths during the same time period,

k=100 or. 1,000.
_ While such ratios can be computed for any tabulated class of deaths,
the death ratio is usually concerned with the relation between one °
cause of death (or a group of causes) and total deaths, or between
deaths at one age and deaths at all dges. As’is readily seen from the
equation, the death ratio is merely the percentage of total deaths
that are in any given class, and a table of death ratios may be no
more than the percentage distribution of deaths.

Since death ratios are percentage figures, they are subject to the
same limitations and possible misinterpretations as other percentages.
Special caution must be used when death ratios are used as substitutes
for death rates. Since both the numerator and denominator are
deaths, both parts of the ratio are affected by the same biological or
social factors affecting mortality. As a substitute for the death rate,
the death ratio exhibits two important defects, (a) a real change in
the death rate for any cause will not be shown by the death ratio if
the death rates for the other causes are changing proportionally,
(b) a change in the death ratio for a given cause may indicate an in-
crease or decrease in the mortality for that cause or it may indicate
an opposite change in the mortality for the other causes.

A simple example will illustrate possible misinterpretations of the
death ratio. Consider the following datas:

TaBLE S.—DaTA ILLUSTRATING TYPE OF MISINTERPRETATION OF DEATH RATIC

Accident Aceldent
Population | Total | Deathsfrom) deaenratiy | death rato
AGE GROUP (IN YEARS)- enumerated deaths (all forms) (number per | (murmber per
April 1, 1940 in 1840 in 1940 100 total 109,
deaths) population)
15-24 23, 921, 358 48, 999 12,763 26.0 3.4
65-74. 6, 376, 189 306, 025 11,425 3.7 170.2

From these data the computed death ratio for all forms of accidents
is 26.0 for the younger ages of 15 to 24 years and only 3.7 for the older
age group of 65 to 74 years. A hasty glance at these ratios may lead
to- the conclusion that accidents constitute a more serious risk to
younger then fo-older people. However, if the age-specific death
rate is computed—the figure which measures the risk of death from a
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given cause—it is immediately apparent that the risk of death from
accidents is much greater for the older classes. The age-specific
death rate for accidents is 53.4 for ages 15 to 24 years and 179.2 for
ages 65 to 74 years. The high death ratio for ages 15 to 24 years in
this case does not mean that the risk of death from accidents is high,
but rather that the risk of death from other causes_is low.

The example given is an extreme case, but, inasmuch as certain
causes of death are characteristic of certain age ranges, differences in
death ratios for causes of death between occupational, racial, and other
groups, may be due to differences in the age distribution of the com-
pared populations.

In spite of these possible errors of interpretation, the death ratio
is Sometimes used as a substitute for the death rate when population
figures are not available. In many investigations, particularly those
involving small occupational or social groups,” Newsholme (6-314)
points out that*. . . the choice lies between abandoning the investi-
gation and using an imperfect and sometimes fallacious measure.” -

Although recognizing that death ratios are no longer in general use
because of the difficulty of correct interpretation, Pearl (2-202) be-
lieves that this criticism has been given undue weight. He cites
several examples to show that, if intelligently used, the death ratio

“may be a very valuable statlstmal datum.”

The criticism of death ratios when used as a makeshift in place of
death rates should not obscure the fact that death ratios have other
legitimate uses. As stated before, the death ratio is basically nothing
‘more than a percentage figure, and as such can be used to describe the’
proportional distribution of deaths by age, cause, or other factors,
Such ratios may also have a certain rhetorical value in discussions
listing or ranking in order of importance the principal causes of death.
Although such ratios could not be used in comparing the importance
-of a given cause in'two communities, they can be used to corpare the
relative importance of different causes for the same area. Whenever
the population base is the same for a group of specific rates, the
-corresponding death ratios will be in direct proportion to the rates.

Case-Fatality Rate

The case-fatality rate is a measure of the mortality among persons
who have a specified disease. It is. computed from the formula:

d.:
Moy =’;‘k:

where:

my=case-fatality rate,
d;=number of deathg from a speen'ied d1sease,
c=number of cases of that disease,
" k=100 or 1,000,
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-

The case-fatality rate is subject to very great errors when computed
from data collected routinely—that is, from registered deaths and re-
ported cases of disease. Most of these errors result from inaccuracies
and incompleteness of reporting. The interpretation of the case-
fatality rate is therefore somewhat ambiguous. As stated by the
- Public Health Reports (14-1400), a high case-fatality rate may mean
(¢) that the disease was unusually virulent, (b) that physicians did not
treat the disease successfully, or (¢) that physicians did not repott all
cases. A low rate may mean (a) that the disease was unusually mild,
(b) that it was treated with unusual success, (¢) that physicians reported
the number of cases completely, (d) that registration of deaths was
incomplete, or (¢) that assignment of the causes of death was inaccurate.

Because of large errors in case reporting,’ this rate is more reliable

_when used in connection with clinical studies of disease. Under
clinical conditions, a definite number of cases in a well-defined category
can be observed. The proportion of these that are fatal can be
recorded. . In this way an identity of definition is established between
the numerator and denominator. Under these conditions the case-
fatality- rate can be a valuable and sound index. For general use,
however, even case-fatality rates based on accurate hospital datsa are
limited by the fact that the hospital population is usually very highly
selected, and that treatment in the hospital may affect the course of
the disease and hence the rate. The case-fatality rate then becomes a
measure of the selection and treatment of cases in a particular institu-
tion rather than a measure of the general characteristics of the disease.
- The case-fatality rate has- occasionally been used as an indirect
method of measuring case-morbidity. To quote Falk (12-98):

If fatality rates were accurately known, or even knowable, it would be posaible
40 use them to calculate the extent of sickness. For example, if the fatality rate
for typhoid fever were actually 10, it would be possible to know the extent of
typhoid morbidity by multiplying the reported typhoid mortality by 10.
.. . 'This procedure has been employed in many studies. «Ifs ingceuracies
have been pointed out.

The case-fatality rate has also been called the “lethality rate,” the
“case-mortality rate,” or simply the “fatality rate.”

1 Methods for estimgting the total number of éases have been proposed. For example, H. W. Greon and
@. W. Moorehouse (15-170) estimate the total number of cases on the assumption that the proportion of
cases reported is the same for fatal and nonfatal eases. Death certificates are checked with repnrted cace3
and the completeness of reporting computed for fatal cases. ‘This proportion of cases reported i3 thon used
a3 a correction factor for fatal and nonfatal cases.

-
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Morbidity Rates Z

A careful distinction should be made between the two kinds of
morbidity rates—morbidity prevalence rates and morbidity incidence
rates. Both rates are computed from a formula of the same type:

. M= %k,
where: .
m,=morbidity rate,
c=cases of sickness (generally of a specified disease),
P=total population exposed to the risk of sickness,
k=100,000 (sometimes £=10,000 or 1,000 is used).- )

A morbidity prevalence rate measures the amount of a given disease
in a population at a specified time. The data for such a rate would be
collected by census or survey methods and would, like all census studies,
give a cross-section picture of the morbidity of the population. Such
& cross-section study refers to a given stated time, rather than to an
interval of time, such as a year.

A morbidity incidence rate, on the other hand, measures the frequency-
of new cases of a specified disease that occur in a population For this-
reason it is sometimes called the “attack rate,” and can be computed
from reported cases of diseases. Obviously, the morbidity incidence
rate must refer to a given time interval rather than to a single date.

While the crude death, birth, and stillbirth rates are usually com-
puted on the basis of deaths or births for a whole year, the morbidity
incidence rate generally refers to a shorter time period. « This morbid-
ity rate is used primarily as an index of the current health status of an
area. It is from such a rate that the beginnings of an epidemic are |,
first observed, that the-course of the epidemic and the extent of the
affected geographic ares are studied. Since morbidity incidence rates
Berve purposes requiring up-to-the-minute data, they are generally
computed from the number of cases reported each week or month.

The crude death rate, indicating the proportion of the population
dying each year from all causes, is a valuable indek and is relatively
easy to define. A total morbidity rate, indicating the proportion of
the population suffering from any and all illnesses would also be of
great value in preventive public health work. However, it would be
necessary to define arbitrarily the type of ailments to be included in
such a rate, and it would be extremely difficult, from a practical
standpoint, to collect the necessary data to compute it. For this
reagon morbidity rates are usually computed for only certain diseases.
Specific morbidity rates can also be cofnputed for various age, sex,
race, or other population classes. '

1 A standard dingnosis code for use in tibulating morbidity statistics has been developed by the U, 8.
Public Henlth Service and the Bureau of the Census. This code provides a uniform tabular list of diseases
and injuries for morbidity statistics which.is closelv linked to the fifth revision (1938) of th~ Intornati nal -
Listof Causesof Death, A preliminary edition of this ¢code was published in Public Health Reports, vol. 55,
No.35, Auzust 30, 1910. A ravised edition is in preparation. -
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Crude morbidity rates are subject to the same errors of interpreta~
tion as other crude rates and usually must be based on data much more
inaccurate than death or birth data. Errors in diagnosis and defi
ciencies in the reporting of diagnosed cases seriously affect the value
of morbidity rates unless they are based on carefully conducted
investigations.

Crude Birth Rate
The crude birth rate is computed from the following formula:
B s 1
mcb='l_)'k:

where:
me=crude birth rate,
B=rtotal live births for a given area and time,
P=total population at the midinterval of the time period,
k=1,000. .
The crude birth rate is the most frequently used, over-all measure
"of the reproduction of a population. Somewhat analogous to the crude
death rate, it is a measure influenced by numerous factors that must be
carefully considered before the rate can be accurately analyzed. From
s medical standpoint, the birth rate is not of so much immediate inter-
est as is the death rate. But, on the other hand, the birth rate is
ultimately of great medical importance. The beginning of life is as
much a medical matter as is the end of life, and the birth rate is a
measure of the magnitude of the problem of prenatal, postnatal, and
infant care. .
Like the crude death rate, or like all other vital statisties rates and
. ratios, the crude birth rate must. be defined with reference to time,
area, and basis of tabulation. The monthly or weekly rate is usually
adjusted to an annual basis even if the data collected are for the
shorter time period. In addition to a statement of the area for which
the rate is computed, the basis of tabulation (i. e., on an occurrence
or residencé basis) must be stated.

In the interpretation of various measures of the reproductive
ability of populations, it is desirable to differentiate between the
concepts of “fertility” and “fecundity.” According to Newcholme
(6-84): )

In the discussion of natural increase of population, the terms fertility and
fecundity have been employed in varying senses by different authors. Matthews
Dunecan defines fertility or productiveness as ‘“the amount of births ag distinguished
from the capability to bear,” a quality of chief interest to the statistician and
the political economist. By fecundity he means ‘‘the demonstrated capability
to bear children,” a quality of interest especially to the physiologist and physician.
Fertility implies fecundity, and introduces also the idea of number of progeny

fecundity ‘‘indicates the quality without any superadded notion of quantity.’
(Matthews Duncan. Fecundity, Fertility, and Allied Topics, 1866.)

Pearl (2-199) makes this same distinction and states:

. . . Clearly it is feréility rather than fecundity which is measured in statistics
of birth of mammals.
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But a further distinction should be made. Although the ““statistics
of birth of mammals” provide the dats.for the measurement of
fertility, the crude birth rate can hardly be considered such a measure.
It is clear that the crude birth rate is not a true probability number
since the denominator (the population) does not in any way represent.
the total number of cases exposed to the risk of giving birth. Because
of wide variation in the proportion of females in different populations,
in the proportion of those married, and in the proportion of the married
females who are within the reproductive ages, the crude birth rate is
not directly proportional to a more exactly computed fertility rate.
The crude birth rate is & number that indicates the proportional
contribution or addifion made to the total population each year by
live births. For certain purposes this may be exactly what is desired.

Ferti.lity Rates

A number of modifications of the crude birth rate have been used
to obtain a more exact fertility rate. Since fertility is considered to
be (2-199), “. .. the total actual reproductive capacity of pairs of
organisms, male and female, as expressed by their ability when mated
together to produce . . . individual offspring,”’ these modifications of
the crude rate have been in the direction of using, as the denominator -
of the rate, more exact figures for the number of paired human beings
exposed to the chance of producing offspring. Various rates have

been suggested:

(a) A rate based on the total number of births divided by the total female
po l:;la’.l? (x)'gi.‘.e based on the total number of births divided by the female population
within certain age limits. The age limits usually used are 15-44, 15-49 or 15-54,
Pearl (2-194) suggests 10-60 since he states that there is some slight risk of birth
even at these limiting ages. ’

(c)_ A rate based on the number of legitimate births divided by the numper of
married women within certain age limits. ‘

Each of these rates gives a more restricted and perhaps a more
precisely defined figure, but each has its own specific interpretation
and use. If by a fertility rate it is desired to measure the reproduc-
tion of paired (i. e., married) persons, male and female, exposed to
the possibility of giving birth, then the desired rate must relate
solely to married females within the age span where reproduction is -
possible. - However, it should be pointed out that while such a rate.
might be of real value in certain types of sociological or biological
studies, a rate based on a broader population group is perhaps of
greater importance from a demographic and economic viewpoint.
From this broader standpoint,. the failure to marry at all is
essentially the same as being married and having no children. Also,
as far as population growth is concerned, illegitimate children are
proportionately as important as legitimate children. If the marriage
mores differ considerably, it may be difficult to compare one region -
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with another on the basis of a rate restricted to the married popula-
tion. 'The high rate of illegitimate births in some countries of the
Western Hemisphere ay simply mean that the parents have neither
the transportation nor the fee necessary for a formal marriage. For
the study of fertility in such areas, or the comparison of those areas
with others, the legitimate birth rate is of little use. In general, a
fertility rate hased on all births, legitimate and illegitimate, and all
women of certain ages, married and unmarried, is probably of greatest
value and interest.

However, since the term “fertility”’ is employed with so many slightly
different meanings, it is important to define carefully the measure of
fertility that is being used in each instance. In addition to fertility
rates, a large number of indices of reproduction have been designed
(16). : '

Specific Birth Rates

Specific birth rates are defined in the same general manner as other
types of specific rates:

b
mab:p—ik'

where:

m,s==specific birth rate for any defined {t» class,
b;=live hirths in the 7tt class,
p;=population of the 7tt class. The population may be taken as the
total population in that class, or only the female population, ete.,
according to the purpose,
k=1,000 (or sometimes 100,000).

Specific rates may be computed for any desired subgroups, such as
those for race, urban or rural residence, and age of mother. Gener-
ally speaking, spectfic birth rates have the same relation to the crude
birth rate as specific death rates have to the crude death rate. They
are rates that give more precise informetion about certain classes of
the population than can be obtained from the crude rates. Following
the distinction made previously between birth rates and fertility
rates, specific fertility rates would relate to a defined subgroup of the
. total population with the additional restriction that the denominator
would consist of only that portion of the subgroup exposed to the
chance of birth. For example, an age-specific legitimate fertility
rate might be computed from the number of legitimate births to
mothers age 20 to 24 years and the number of married women in the
age group 20 to 24 years.
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- Crude Stillbirth Ratio
The crude stillbirth ratio is computed from the following expression:
=58 '
Rt,=3k, )
where:

Rt,=crude stillbirth ratio, -
S—=total number of stillbirths for a given area during a stated “time
B= toix;):lrg)gmber of live births for the same area and time,
k=1,000.

Stillbirth statistics are generally recognized to be sub]ect to con-
siderable error, due primarily to underregistration and to-the difficulty
of obtaining adherence to a uniform definition of stillbirths. Biolog-
ically speaking, the term “stillbirth’”’ should apply only to infants born
dead at.full term. However, with such 2 limited definition, it is
difficult to differentiate between stillbirths and late abortions or
miscarriages.

For the purposes of tabulation, the definition of a stillbirth has been
broadened to include any fetus born dead after a specified period of
gestation. However, there is as yet no general agreement on the
exact definition to be used. The League of Nations and the Inter-
national Statistical Institute have recommended the following
definition:

A dead-birth (still-birth) is the birth of a (viable) foetus, after at least twenty-

eight weeks pregnancy, in which pulmonary respiration does not occur; such a
{)oett;}slsl Iga,y die either: (a) before, (b) during or (¢) after birth, but before it has
reathe -

The deﬁmtlon in general use in the United States is somewhat

different:

A fetus showing no evidence of life after complete birth (no action of heart,
breathing, or movement of voluntary musele), if the 20th week of gestation has
been reached, should be registered as a stillbirth. .

Irrespective of the definition which is applied, there is no doubt that
the registration of stillbirths is very poor in almost every country.
Doubtless many stillbirths in the early stages of uterine development
are never recorded at all, yet some live births, for which deaths occur
soon after birth, are probably recorded as stillbirths.

A stillbirth rate is sometimes computed by using the ratio of the
number of stillbirths to the total number of live births plus the number
of stillbirths. By this method the denominator (live births plus still-

births) is a measure of the total number of advanced pregnancies; the .

computed rate, therefore, approximates the chance that an advanced -

pregnancy will result in an infant born dead.

739175 O - 47-5
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The stillbirth rate, computed in this way, is theoretically more
useful than the usual stillbirth ratio. However, because of the varia~
tion in the stillbirth definitions and in the complefeness of reporting,
there is some question whether the sum of the number of live births
and the number of stillbirths is consistently a good approximation to
the total number of advanced pregnancies. .

g Birth-Death Ratio
The birth-death ratio is defined as: .
Bise=1t,
where:

Rtya=birth-death ratio,
B=total live births for a given area and time,
)i:to%al deaths for the same area and time,
=100.

This ratio has also been called the “vital index.”” The birth-death
ratio must be defined with reference to area and time, and the basis of
tabulation must be stated. The ratio can be computed for total births
and total deaths, but a more careful analysis would require ratios that
are specific for urban-rural areas, race, sex, age, or other subgroups of
the total population. Obviously, the numerator and denominator
must be comparable in the sense that they must both apply to the
same area, time, race, et cetera. ' .

The birth-death ratio is intended to be a measure of the biological
status of a population insofar as its reproduction is concerned. Pearl,
who devotes considerable space in his book, Introduction to Medical
Biometry and Statistics, to a discussion of this index, states (2-207):

. . . It may fairly be said that there is no other statistical constant which

furnishes so adequafe a picture as this of the net biologic status of a population
as a whole at any given moment.
However, the birth-death ratio is open to misinterpretation as a
measure of population reproductivity since it is partly determined
by the age composition of the pepulation. Though formerly used
by many writets, the birth-death ratios are now being replaced fo a
great extent by more exact indices of reproduction.
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Chapter IV

ADJUSTED DEATH RATES AND OTHER INDICES
OF MORTALITY!

Need for Indices of Mortality

The rate tables in this volume give both crude rates and rates
specific for certain population classes. The specific rates are essen-
tial for two purposes. In the first place, it is only through the analysis
of specific rates that an accurate and detailed study can be made of
the variation of mortality among population classes. In the second
place, when a descriptive average mortality number is needed, the
specific rates are frequently cons1dered to be the desirable components
of such an average.

The crude death rate has been widely used as the most convenient
average for comparing the total force of mortality of one community;
with that of another. However, it has already been pointed out
(chap. III) that the crude rate cannot be used for such comparisons
without the risk of bias because of the varying composition of the
populations of the communities with respect to age, sex, race, et
cetera. For example, one community may have a larger proportion -
of persons in the older age groups, and, since the mortality at these
ages is higher, the total number of deaths at all ages is greater.

_ One way of illustrating this property of the crude death rate, which

makes it unsatisfactory for the sort of comparison frequently neces-
sary in public health studies, is to write the crude rate as a weighted
average of its specific rates. Table T shows the age-specific rates for
"Maine and South Carolina in 1930 together with the populations to_
which the rates apply. It may be seen that, despite the fact that
the death rate for every age group but one is hlgher in South Caroling
than in Maine, the crude death rate for all ages is higher in the latter
State than in the former.

1 This chapter was written by Theodore D. Woolsey, Assistant Statistician, Bureau of the Census.
60 ’




/ ADJUSTED RATES AND

TasLn T.—AaEe-spEciFic DEate Rates AND PoruL

7/

CaroriNa, 1930

INDICES

61

ATIONS: MAINE AND SouTm

PERCENT DISTRIRU-

MAINE - SOUTH CAROLINA TION" OF POPULA~
. TION
AQE (IN YEARS)
Specific rates P Specific rates Popul h
. er 100,000 | TOPUla~ | "6 100,060 | FOPUIA- | ppaing | Soutl
p(gplﬂati:m) y| tomt | O atiomys| tionl Carolina

0-4. 2,056 75,037 2,392 | 205,076 9.4 11.8
5-9 186 79,727 185 | 240,750 10.0 13.9
10-14 140 74, 061 184 | 222,808 9.3 12.8
15-19, 2 68, 426 | 211,345 8.6 12.2
20-24 370 60, 575 645 166, 354 7.6 9.6
25-34 391 | 105,723 871 219, 327 13.3 12.6
3644 545 | 101,192 1,242 | 191,349 12.7 1.0
45-54 1,085 90, 346 1,994 | 143,509 1.3 8.3
55-64 2,036 72,478 3,313 80, 491 9.1 4.6
05~74. 5, 219 46, 614 6,147 40, 441 5.8 2.3
754 13,645 22,396 . 14,136 16,723 2.8 1.0
Total ees 796, 832 ves 1,738,173 999 100.1

Crude death rate (per 100,000 )

population) oo 1,390.8 .o 1,288.8 .ee ces ves

1 Deaths and populations of unknown age excluded.

If each of the specific rates is multiplied by the population in the
corresponding age group (thus obtaining the deaths in the age group),
the results added and then divided by the sum of the population-
multipliers, the crude rate is obtained. Hence, the latter is simply
a weighted arithmetic average of the specific rates in which the

weights are _the.populations_at_ages of the community itself. Ex-

pressed symbolically:

Crude death rate=

v

Dy

ZPua

=E(muapua) .

This rotation is adapted from that used by G. U. Yule (). In
age group @ of community u, m., is the specific rate; py., the popula-
tion; and dy,, the deaths. Thus,

'

m.,a=g—“‘-’- Also D,=Zd,, and P,=Zp,.,

where the summations are over the entire age span.

From an examination of the percentage distribution of the popula-
tions in the illustration, it is apparent that the Maine weights for
ages over 45 years are considerably greater-than those for South
Carolina, and the heavier weighting of the higher specific rates ac-

counts for the higher crude rate in Maine.

If mortality did not vary

so much between the selected age groups, or if the age composition
of the population did not vary from®one community to another, there
would be no bias of the type described in the comparison of crude

death rates. For convenience, this bias m

age differences.” *

ay be called “the effect of

3 In the illustration used there are obylously other factors besides agé that should be considered in making
a complete comparison, but the example here is only concerned with the mechanics of the weighting,

1
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A higher proportion of males in the population will have the same
" sort of effect on the crude death rate as a higher proportion of old
persons, since the male age-specific rates are usually higher than the
female for the major portion of the age span. However, the effect
of varying sex composition of the population upon the comparability
of the crude death rates is seldom as great as that of age differences,
because mortality changes far more with age than it does with sex.
Obviously, any other subgroups of the population, for which the mor-
tality differs significantly, and which make up varying proportions of
the population from one community to another, will influence the
crude death rate in a similar manner. Some such modifying factors
are: size of racial groups, the proportion living in cities, and differences
in economic status. They are intercorrelated in a complex way and
cause-and-effect statements regarding them are dangerous, if not
‘entirely impossible.

The specific rates, then, are the basis for all detailed comparisons,
and the crude rate can be viewed as a weighted average of specific
rates. Some statisticians have taken the stand that no attempt
should be made to go further than the specific rates. In a debate
regarding the value of the life table and particularly the life table
death rate,?® the discussion by Mr. W. Palin Elderton was summarized
as follows:

. . . His difficulty had always been this: he could not see why people could
not be content with examining rates of mortality and comparing thosze rates
between two tables and leaving it there. He felt that it was a little dangerous to
rely on any averaging process. Whenever one depended on an averaging process,
whether they used the standardized death-rate, or based—might he uge a technical
phrase—their “exposed to risk” on some arbitrary ‘‘exposed to risk’ which they
obtainied from the Society Islands or somewhere else; he thought they must always
be prepared to go behind that afterwards, and look at the death-rates at indi-
vidual ages, and rely on them . . . .

Dr. L. J. Reed, in an informal address delivered in 1939 before the
Conference of State and Provincial Health Authorities (3), advised:

. . the best thing to do is to use specific rates, to talk in terms of infant mor-

télity, child mortality, and things of that kind.”

If the exact type of comparison—the exact question that is fo be
answered—is not specified, or if the interest is'in a detailed analysis
of differences in the mortalities of two communities, then the study
of specific rates is essential. In fact, speaking generally (4—wxwiv):

. . the greater the amount of subdivision the data will permit and the

gr:aater. therefore, the number of age group mortalities identified, the better and
fuller will be the comparison.

On the other hand, it is possible to combine these specific rates to
form indices ¢ of mortality that will be free from the “effect of age

2 This debate occurred following tho presentation of a paper on the same subject by M. Greenwood before
the Royal Statistical Society in 1922. Many interesting points were brought out in this diseusslon, and it
will be referred to frequently (2). ‘. .

4 The expression “mortality index’ will be used in this chapter to refer only to those measures of mortality
mgre complex than a simple ratio of deaths to population, such as the crude death rate or tho age-specifio
rate.
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differences,”’ et cetéra, and there are advantages to be gained from this
process, notably, the economy of expression. One average figure is
substituted for an-entire series. However, such an average sum-
marizes individual rates of great variety. It contains everything from
accidental mortality in the prime of life to mortality from degenerative
diseases after the traditional three-score years and ten have been left
behind. It combines deaths of quarry workers and deaths of book-
keepers, deaths of unattended, foreign-born mothers in childbirth,
and deaths.of diabetics in hospital beds surrounded by specialists,

Nevertheless, a rough form of comparison that can be taken in at a
glance is frequently essential. Greenwood expressed this need in his
discussion of a paper by Yule on the use of indices for measuring occupa-
tional mortality (1-73):

. The numerical statistical method, as distinet from the tabular statlstlcal
ethod of our angestors, has been introduced precisely because the power of the
human mind to grasp a number of particylars is limited, . . . It was not until
the seventeenth century that it was realized that in seekmg to grasp everythmg,
one tended to grasp nothmg

The point is & good one and may be one of the chief reasons why the
English official vital statisticians have made such extensive use of
“comparative mortality factors,” “standardized mortality ratios,”
“equivalent average death rates,” and similar indices. Their view-
point is also expressed in one of the official reports (4—axxiv):

But for less exacting comparisons or for simple classifications of a number of
population mortality records, when detailed age analysis is not ‘required, it is
often convenient to be able to express the series of age mortalities of each popula.-
tion in a single figure . . . .

Tt should be borne in mind, too that the specific rates themselves are
composites in which detail has been omitted for the sake of compre-
hensibility. Mortahty indices for the population as a whole are
simply a further step in the same direction.

Quite apart from the convenience of summarizing the specific rates,
public health administrators have come to recognize another sort of
need for an index to describe the ‘“true” course of mortality. This
need is primarily one of an administrative character, brought about
by the possibility of a rise jn the crude deathrate. Tthas already been
remarked that the crude death rate is influenced by the age distribu-
tion of the population. In table U, may be seen estimates that have
recently been made of the future age distribution of the population
of the United States.® The age-specific rates for the United States in
1940 are also shown. Qn the assumption that these mortality rates
remain unchanged over the entire period of time, the numbers of ~
deaths to be expected in stated future years are shown in the last four

columns and the resulting crude death rates at thefoot of each column.

§ These estimates were made in 1937 by W. 8. Thompson snd P. K. Whelpton of the Seripps Foundatlon
for Population Rosearch, who prepared them for the National Resources Committee.



TapLe U—Exprorep CrupE Deate RaTEs 1F AeE-spEcIFIc RaTes rvor 1940 PmrsisT: Unrrmp SraTes

United

POPULATION ESTIMATES ! (IN THOUSANDS)

Specifie

EXPECTED DEATHS
States rates for t:lggat?:ﬁt{a!cll
AGE (IN YEARS) population 1940 (per
census in 100,000 | Statesin
1940 1945 1950 1955 1960 popul'ation) 1940 1945 1950 1958 1960
o .
0-4 10, 541, 524 10, 548 10, 631 10, 245 9,013 1,287 135, 662 136,763 135, 534 131,853 127, 580
590 10, 684, 622 10, 898 11,072 11,063 10,774 108 11,570 11,770 11,9058 11,048 11,636
10-14 11, 745,936 10, 704 0,839 11,013 11,007 1, 10, 597 10,731 10, 903 10,897
15-19 12,333,523 11,776 10, 629 , 765 10, 172 21,168 20, 255 18,282 18, 518 18, 817
20-24. 11, 587, 835 2,282 11, 650 10, 522 10, 861 . 240 27,831 20,477 27,960 | - 25,253 , 586
25-34 21,339,026 | 22,628 23,546 23,467 21,764 306 65,274 69,242 72,051 71,800 66, 508
35-44 18, 333, 220 19, 364 20,833 21,821 22,774 520 95, 359 100, 693 108, 332 113, 469 118, 425
45-54 15,4612, 071 16, 368 16, 696 18,123 19, 617 1,060 164,413 173, 501 176,978 192, 104 207,
55-64 10, 572, 205 12,148 13, 563 14, 246 14,719 2,226 235, 361 210,414 301,012 317,116 327, 645
65-74. 6, 376, 180 , 8 7,934 8,018 10, 177 4,799 306, 025 320, 585 380, 7 * 427,97 488, 304
75+ 2, 643,125 2,863 3,269 3,910 , 641 12,910 341,22 369, 613 422,028 504, 781 599,163
Total 131,669,275 { 136,448 | 140,561 | 144,003 | 146,087 con 21,415,567 | 1,520,910 | 1,666,519 | 1,825,727 2,002, 671
Bxpected crude death rates (per 1,000 population)., s eee s ees eee wee 10.8 1.1 11,9 12.7 13.8

1 Made by W. 8. Thompson and P, X, Whelpton in 1037,

. Deaths of unknown age excluded,

See footnote, p. 63.
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" The indicated steady rise in the crude death rate, brought about by
the increasing proportion of older persons, is probably greater than
any that might actually occur, because it is likely that there will be
further reductions in the age-specific mortality. These, in turn, will
alter the distributions of the populations by age, but the combined
effects of the reductions and the distribution changes may not be
sufficient to prevent this expected upward trend of the crude death
rate. Tn fact, in Some communities the crude death rate has already
begun to rise as a result of the increase in the age of the population.

The Committee on Forms and Methods of ‘Statistical Practice of
the American Public Health Association which ““. . . has addressed
itself to the task of determining what, if anything, might conveniently
be done to reduce the distortion and incomparability of rates due to
varying proportions of young and old in the populations of different
times and different geographic areas” (5~199) has presented two inter-

esting reports on this subject. In the first of these, published in 1938
(6-172), the committee, which was headed by Dr.. A, W. Hedrich,
Chief of the Maryland Bureau of Vital Statistics, after pointing to
increases in the crude death rate from spécific causes—increases that
were primarily due to changes in age distribution—gave this warning:

Is it not unsound to confuse the health administrator with crude death rates,
and possibly to cause the public erroneously to infer that mortality is in general
rising, at a time when health appropriations are greater than ever before?

The committee’s second report, published in 1940 (7), contains
several recommendations, three of which are as follows (7-123):

a. That the use of the unadjusted total death rate be minimized and that,

when used, it be referred to always as the “crude death rate”;
b. That age-specific rates be used in place of- the crude death rate whenever

possible, even if very broad age groups be used;
c. That, before any single death rate, all ages, be adopted as standard, there

should be further study and experiment, particularly in the light of age distri-
butions found in the 1940 census.

Recommendation “¢” is precautionary, for there has been no.general
agreement as to the proper form of an index designed to equalize the
bandicaps in the measurement of the force of mortality. The state-
ment that the objective in constructing an index is to equalize the
handicaps (caused by the varying composition of the populations of
the communities), is purposely broad. "A more explicit statement of
objective will be considered later (see p. 86). :

The problem can be discussed largely in terms of the “effect of age
differences,” because the same principles may be applied to the adjust-
ment for other factors. Moreover, for the majority of the purposes
for which the indices may be used, the age variation is the only factor
important enough to cause the crude rate to be significantly biased.
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Publication of Standardized Rates

In the United States the publication of indices of mortality in the
official reports of vital statistics has been scanty. In Mortality
Statistics, 1911, “corrected” or “standardized” death rates were
published for the States and for cities having populations of 100,000
or more in comparison with similar figures for a number of foreign.
countries, From 1921 to 1924 a similar form of rate was shown for
specific causes and for geographic areas. In the volume Mortality
Rates, 1910-1920, published by the Bureau of the Census in 1923, a
number of these rates (at that time called “adjusted rates”) were
shown. Since 1924 none have appeared in the Federal vital statistics
reports. A few States have published them in their reports, but at
no time very extensively.

In the reports of the Registrar-General of England and Wales,
various mortality indices are published for every registration district
for the current year, for the whole of England and Wales in historical
series going back to the decade 1841 to 1850, for certain causes in
historical series going back 10 years, and in special studies of urban
versus rural mortality, occupational mortality, and cérrelations of
mortality with various social indices, such as housing density.

Almost all published indices are of four general types, known as the
“age-adjusted rate, direct method,” the “age-adjusted rate, indirect
method,” the “life table death rate’” (or its reciprocal the “expectation
of life at bixth’’), and the “equivalent average death rate.”

The Direqt Method

In its simplest form the direct method relates the age-specific death
rates of a given community to some population taken as a standard,
to find for each age group what the expected number of deaths in the
standard population would be if the age-specific mortality of the com-
munity applied. This is accomplished by multiplying the specific
rate for each age group by the population for the corresponding age
group in the standard population. The adjusted death rate, direct
method (Mbx), is formed by adding the expected deaths for each
age group and dividing the sum by the total population that was
taken as a standard. ‘

Table W shows the work sheet for the adjustment by the direct
method of the death rates for Maine and South Carolina in 1930.7
In these examples no attempt has been made to adjust for sex or other
differences since the purpose of the comparison has not been defined,

¢ References of interest in connection with the development and early use of adfusted death rates: (14-41);
(4-zzap et 11.); (16-188, footnote); (10a-£6).
7This table and tables Y, AA, and AB, involving actual figures from the States of Maine and South

Carplina, should not, however, be considered as comparing completely the mortality of these two States.
Other important factors have been disregarded for the sake of simplicity.
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and the present intertst is only in the mechanics of the process.
The standard population which has been used is that of the entire
United States in 1940. This is expressed on a per-million basis be-
cause it is the proportional distribution that is of importance, not
the absolute numbers. The adjusted dedth rates are, therefore,
gimply the totals in columns (5) and (9), each divided by one million.
(Rates obtained by this process are conventionally multiplied by the
factor k=1,000, but this may be disregarded in an analytical discus-
gion.)

TasLE W.—WoORK SHEET SHOWING ADJUSTMENT BY THE DirEcT METHOD OF THE
DeaTs RAaTEs FOR MAINE AND SouTH CAROLINA, 1930

Stand- MAINE SOUTH CAROLINA.
‘i\ﬁ?
million L
AGE Specific Specifie
for the " Expected . Expected
(N YEARS) | gpited Ptt;pglla Deaths? ralteso(éJo(er deaths in Pg}ggl}a Deathst raltes (per | Foqths in
States | 490, | 1’1930 00009 | stendard | ;¥%sq | in 1980 %000 | standard
in 1040 pt&m) million pti?)?l) million

m @ @ |@=@+@QE=@XW| ® | O [@=@-+O)@=EX{1)

80,100 75,037 1,543 2,050 1,647] 205,076} _ 4,905 2,392 1,916
81,100 79,727 148 186 151] 240,750] - 446 185 150
0,200 74,081 104 140 125 222,808 ~ 410 184 164
93,700| 68683 153 .. 228 200 211,345 901 496 399
88, 60,575 224 370 38| 166,354 1,073 615 563
162,100} 105,723| 413 301 634| 219,327] 1,910 _&n 1,412
101,192 552 545 750) 101,340 2,377 1,242 1,729
90,346 980 1,085 1,278] 143,509| 2,862 1,084 2,349
72,478| 1,476 2,036 1635 80,491} 2,687 3313 2,860
46,814| 2433 5,219 2526] 40,441 2,486 8,147 2,976
22,396 3,086 13,64 o3| 16,723 2,364 14,136 2841
Total. {1, 000, 000 796,832] 11,082I 12,0331, 738, 173] 22,401 ... 17,163
1

1 Deaths and populations of unknown age excluded.
.. 12,033
Mpu(Maine) =1 555 500

Mpse(South Carolina) =1—})%;—,%"-‘0—0x 1,000=17.16.

X1,000=12.03.

Mnu(Soitth Caroling) 17.16_1 43
Mpr(Maine) 12.037 7

NOTE.—Tﬁe formula is set up fof rates per 1,000 popﬁlation.

Another way of looking &b this adjusting process is to consider the
standard populations for each age as weights for the specific death
rates, exactly as Was done in the case of the crude rates. It is im-
mediately seen that the sole difference between the crude rates and
the adjusted rates, direct method, is that the former use as weights
the populations by age of the communities themselves while the
latter use the populations by age of some fixed standard. Crude

rates are weighted averages of specific rates in which the weights
vary from one community to another, but direct-method rates are
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weighted averages of these same specific rates with a fixed weighting
system. Expressed symbolically,? the direct method is:

Age-adjusted death rate, direct method=Mpy= &;%’2‘—")
aa

where p,. is the population at age ¢ in the standard population.

When adjustment for sex differences as well as for age differences
is required, the rates must be obtained specific for sex as well ag for
age, and these must be multiplied by the standard population of the
given age and sex.

The formula becomes:
Z(nMua'mPoat Mus'fPaa)

Z(mPaat Psa) +

where the left-hand subscript indicates the sex. This form of index is
independent of varying sex proportions as well as of varying age
distributions. In most éases where it is desirable to adjust for age
differences, it is theoretically desirable also to adjust for sex differ~
ences, but the added refinement usually makes little difference in the
result. .

If it is desirable to keep the adjusted rate specific for sex, a question
arises as to the proper specific populations to be used. Should the
male age-adjusted rate, direct method, be written as :

Age—sex-ad]usted death rate, direct method=Mpy=

E(mmua’mpca) z(mmua paa)
S — 7

In the first form the male specific rates are Weighted according to
the distribution of the male standard population, while in the-second,
the distribution of the total standard population is used. Again, the
difference is frequently negligible, but H. H. Wolfenden (8-403) feels
that the second is preferable, because the first does not admit of com-~
parison between male and female rates. The specific rates being
referred to different standard populations (the male to the male and
the female to the female) have different weighting systems and may be
no more comparable than they were before adjustment. On the other
hand, for mortality from causes such as cancer of the uterus, it may
seem anomalous t6 find the number of deaths to be expected in &
. population of both sexes as if all were exposed to the risk of dying.
However, it is anomalous only if the standard is thought of as an
actual, exposed population, and not if it is.looked upon simply as a
typical age distribution.

A word should be said about the nomenclature that has been used
for the adjusted death rate, direct method. When originally used by
the Registrar-General of England and Wales, it was called a ‘“ corrected
rate.” In 1911 the same method was adopted by the Bureau of the
Census, and Dr. C. L. Wilbur, then Chief Statistician for Vital
Statistics, introduced the term ‘“standardized rate.” ’I:his name

8 See p. 61 for notation.
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gained currency in England where it had already been used occa-
sionally. Various authors of texts on vital statistics differed on this
terminology (9-219) and (10-202). Prof. G. C. Whipple, of Harvard,
had decided to call them ‘“adjusted rates” (11-291). To clear up
this confusion the Committee on Forms and Methods of Statistical
Practice of the American Public Health Association recommended
“the use of such terms as age-adjusted, age-sex-adjusted, et cetera,
in preference to ‘standardized,” as the latter term has been used to
cover at least three widely different definitions by statisticians”
(6-165). Here, this recommendation will be followed. However, a
distinction will be kept between age-adjusted, direct method, and
age-adjusted, indirect method. For brevity, these two will usually
be spoken of as “the direct method” and “the indirect method.”

The Indirect Method

In this method' the crude death rate of the community is multiplied
by an adjustment factor that is designed to take account of the
peculiarities of the age composition, or age-sex composition, of the
population of the community. Its formula is written as follows:

2 D

P & U

st Py
. ZPua

Age-adjusted death rate, indireet method= My =

is the crude death rate in a standard community s at some arbitrary
time,® while its denominator is the death rate that would be expected
in the same standard community if it had the proportional age, or
age-sex distribution of persons of the given community w. In other J

v
It may be seen that the adjustment factor is a ratio. Its numerator 1

words, the denominator is the weighted average of the specific rates
of the standard with the populations of the community as weights. -~

Since the indirect method is currently used for many of the adjusted -
mortality figures in the annual volumes of The Registrar-General’s e
Statistical Review for England and Wales, a thorough description of
this method was presented in .the Decennial Supplement published
in 1933 (4—axzzv). There the denominator of the adjustment factor
was defined in these words:

The ratio of expected deaths to total population under the indirect method is,
in & sense, an indication of the mortality-proneness of the population in question,
and it has been suggested . .-. that it should be called the ‘‘index death-rate.”.
It is dependent solely on the sex-age constitution of the population and as a rule
may be treated with sufficient accuracy as remaining constant over a period of
years adjacent to the experience period.

% Tn this method, the standard community provides a set of standard, specific rates, while in the direet
method it provides standard populations by age.
. . 4
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It is this last property that has made the indirect method so useful to
the English in their annual publications,

.~ The effect of the adjustment factor may be seen by writing down the

v

- formula in words:

Crude death rate ‘in standard

community Crude death
\ Age-adjusted death rate,] _ JEixpected death rate in standard{ | “rate in the
! indirect method =4 community if its distribution given com-
/ of population were that of the munity
given community, i. e., “index '
death rate”

/ When the age distribution of the population of the community is
{

avorable to a low fotal mortality (for example, having a relatively

\ high proportion of children and young adults), the expected death rate

!

7

in the standard community will be lower than its actual death rate, and
the adjustment factor will be greater than one, thus correcting the
community’s actual crude death rate for its favorable distribution of
those exposed to the risk of death. On the other hand, a compara-
tively unfavorable community age distribution will result in a high
index death rate and an adjustment: factor less than one.

An example of the computation of the age-adjusted death rate,
indirect method, is shown in table Y, where the work is carried out for
Maine and South Carolina in 1930. In this computation the crude
death rate and specific rates of the United States in 1940 have been

used as the standard.

TasLe Y.—WoRK SEHEET SHOWING ADJUSTMENT BY THE INDIRECT METHOD OF
THE DEaTH RATES FOR MAINE AND SouTH CAROLINA, 1930

Standard MAINE SOUTH CAROLINA
specific rates
for the
AGE (IN YEARS) United States Expected B Expected
in 1940 (per Poi)nulation t | deaths using | Population ! | deaths using
100,000 1930 standard spe- 1in 1930 standard spe~
population) cific rates ciflc rates
€Y (¢)] @=@XQ) @ E=@¥H
0-4. 1,287 75, 037 966 205, 076 2,630
5-9. 108 79,727 &6 240,750 | 2e0
10-14 99 74, 061 73 222,803 221
15-19. 172 68, 683 118 211,345 a4
20-24. 240 60, 575 145 166, 354 309
25-34 306 105,723 324 210,327 671
35-44. 520 101,192 526 191,349 995
45-54. 1, 060 90,346 958 143, 509 1,621
55-64. 2,226 72,478 1,613 80, 491 1,702
- 6574 4,799 46, 614 A1 40, 441 1,041
75+ 12,910 22,396 2,801 16,723 2,159
Total 1,075 796,832 9,837 1,733,173 12,962

1 Populations of unknown age excluded.
f
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United States 1940 crude i-ate

My (Maine) =

X Maine 1930 crude rate
Sum of (3) %¢1,000 '
. Sum of (2)
(3{;@ . — o X 13.91=11.90,
r2,47] 796833 % 1,000 .
: . _ United States 1940 crude rate,, [South Carolina 1930

My (South Carolina)= Sum of (5) 1000 X{ crude rate

- Sum of (4) X1
Q. L/F{/(,B 7 457 =—179—é-3—'75—x 12.89=18.58.

1,738,173 11000 ]
My (South Carolina) __18.58 1.55
My (Maine) T11.99 Y%

Nors.—The formuls is set up for rates per 1,000 population.

The problems involved in the age-sex-adjusted rate, indirect method,
and the indirect method specific for sex are similar to those already
discussed for the dire¢t method. The formule are: X -

" Age-sex-adjusted death rate, indirect method i

— _ Da.z(mmau'mpua““ﬂnaa‘f?ua)] &
= M| P Bt but b | e

Male age-adjusted death rate, indirect method 1°=[%3+&”g—93"‘—p"—“—) xl"—%‘-
N . m L 4 mpua m u

The information regarding the comminity necessary to compute
the age-adjusted death rate, direct method, is the population by age
and the deaths by age, while for the indirect method the deaths are-
not needed by age. This is not such an advantage as it might seem,
since in most cases, when the population by age is available, the deaths
by age are also available. The lack of statistics of population by age
for small communities presents the greatest difficulty in the con-
struction of age-adjusted rates for local areas between censuses.

' Makeshifts for Intercensal Years

»

English statisticians have devised several methods of computing
adjusted rates for local areas between censuses. Two such methods
have.been used since 1911. The use of one was discontinued in ‘1934
because it was related to an outdated standard population. Ac-
cording to the Registrar-General (12-14), the, need is for:

.. . . & simple ratio which immediately. conveys to the mind, without further

* calculations, the extent to which a local death-rate in the-present year is in excess
or defect of the rate expected, after taking into account (1) the sex and age
constitution of its populstion as determined at the most recent census and (2)
the mortality in the country as a whole during the present year. Whether the

ratio be calculated by the direct or indirect method of standardization is of no .-

practical importance provided that the standard rates used for the latter are those
of a recent period of years,
10 In this case the alternative form (p. 68) is not necessary since we have a system of weights'that varies

from one community to another, and hence, the male and female specific rates wonld not be weighted the
game in either form, .
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Since 1934 this need has been met by the computation of an “areal
comparability factor’” (A. C. F.) for every local area. The A. C, F,
is simply the adjustment factor previously desecribed in connection
with the indirect method. It is computed for each community with
its population at the most recent census. For the standard, the crude
death rate and the specific death rates for England and Wales based
on a 3-year average of the deaths centered on the census year are used.
This A. C. F. is used throughout the decade following the census to
adjust the crude rate of the local community for each year. The
computed index is called the ‘“adjusted local death-rate.” It is
simply the indirect method with the added assumption that the
adjustment factor does not change significantly in the 10 years
following the census. If the year 1934 is taken as an example, the
formula becomes:

- 1930Dx
P 10uD
. 1 o= 19304 " & u’ .
Adjusted local rat 2 (1930 50" 1930P ua) 1034 P -
Z1930P ua

where 1930, indicates age-specific rates based on a 3-year average
of deaths, and 10D;, & 3-year average of the deaths at all ages, the
central year, 1930, being the year of the census.

The stated objective having been to compare this age-adjusted
mortality with the mortality of the country as a whole, the figure that
is generally published is the ratio between the “adjusted local rate”
and the crude rate of England and Wales for the current year. This is
the “standardized ratio” and is sometimes designated S. M. R. for

"“standardized mortality ratio.”

A time series of “adjusted local rates” computed in this manner
would show a break at the end of the decade because of the change of
standard. To supply a link with previous series, the Registrar-
General suggests that the “adjusted local rate” be multiplied by a
second factor, the “time comparability factor” (T. C. F.), which is
obtained by dividing the national rate for the current year adjusted
by the direct method (with the 1901 population as a standard) by the
national crude rate for the current year.

Two general properties of the “adjusted local rate” and the “stand-
ardized ratio,”’ should be mentioned. If the population distribution of
the community at the:last census were identical with that of the
standard, the A. C. F. would be unity, the “adjusted local rate’” would
be simply the local crude rate, and the “standardized ratio” would be
the ratio between the local and the standard crude rate. On the

. other hand, if the specific rates of the community were identical with

those of the standard during the census period, the A. C. F. would not
necessarily. be equal to unity, since it is a measure of the “mortality-
proneness” of a population and not a measure of the mortality itself.
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In this case the A. C. F. would be equal to the ratio of standard crude
rate to local crude rate for the census period. .

In the annual reports of the Division of Vital Statistics of the New .
York State Department of Health an expedient similar to the adjusted °
- local rate, but makmg use of the direct method instead of the indirect,
is used to obtain age-adjusted death rates for local areas during inter-
censal periods. Age-adjusted rates by the direct method are com-
puted shortly after the census for every village, city, and county of
the State, using a 3-year average of the deaths by age and the census
populations by age. The age distribution of the entire State at the
time of the census is taken as the standard population. For each
succeeding year it is assumed that the ratio between the current local
crude rate and the age-adjusted rate is the same as it was for the
- census period.

" According to this assumption the “ad]usted local rate’” for 1934
would be:.

AY
Z(1930Mua'1030Psa)

New York State adjusted local rate= ——zlitPes 13D
1930D 1934P
1900P%

where 1g30my, is the age-specific rate based on a 3-year average ,of
deaths, and ;450Dy, & 3-year average of the deaths at all ages,

The similarity of the adjustment factors used in these two make-
shifts is brought out by observing that the two properties of the
English ““adjusted local rate’” mentioned above also hold for the New
York State method. If x indicates the current year and ¢ the census
year, then:

: Ds
GP«E ZDH
Z(Msq Pua) X:P—u,

ZPua

-~ Z(Mwa cPaa)

- New York State adjusted local rate= —ﬂ—x 2Du,
. cDu EP'“

P,
If the local and standard age distributions are the same at the
time of the census, then:

English adjusted local rate=

D, D,
. * . -~ ' CPA‘ IDu u ZD‘ll :cDu
English ad;us\ted local rate S pod) X, y N ,X P.p.
' ch.m CPI
z(cmua' cpua) (:Du
; e ZPus syaDu_ Puy sDu_ Du,
New York State adjusted local rate= D XI P.~.Du P, <P.
Py Pu

739175 O - 47-6 .
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If the local and standard specific rates are the same at the time of
the census, then: '

eDs D,
. . _ s 2Du__oPy., 2Dy
English adjusted local rate oo Xz P.~:Ds X, y
ZPua cP u
Z(cMag* cPan) _::_D_£
. e ZPis__sy2Du_ oPuysDu,
New York State adjusted local rate= D Xz P,~.D. X; P,
BP“ CPu

Comparison of the Direct and Indirect Methods

The direct method gives the death rate that would occur in some
standard population if it had the mortality of the given community,
or the death rate that would occur in the community if its population
were distributed as that of the standard. The indirect method adjusts
the crude death rate of the community by applying to it a factor
measuring the relative “mortality-proneness’ of the population of the
community. In practice the two indices give quite similar results.
One author stated (10a-276):

With perfeet registration of deaths and of population, no deaths or population
recorded as of unknown age, and the arithmetic at all stages carried to a sufficient
number of decimal places the two methods would yield identical results.

- This is true only under cerfain very special conditions, namely, that

each specific rate of the community bear a constant ratio to the cor-
responding specific rate of the standard population, or that each age-
specific population of the community bear a constant ratio to the
corresponding population of the standard; that is, if my,=Km,,, or
if Pua=XK'ps. In the first case, both indices reduce to KD,/P,, while
in the second they both become D,/K'P,.

Some writers, in describing the indirect method, have regarded it
as merely an approximation to the direct method. Thus, Wolfenden
(8-407) set_as the objective the finding of a factor which multiplied
by the crude rate would give the age-adjusted rate, direct method.
‘(Wolfenden carried the algebra through for the age-sex-adjusted rate,
but the point will be adequately illustrated without using the more
refined index.)

Crude rate X some factor=age-adjusted rate, direct method

_2(MucPud) 1o S(MucPsa)
o ZPua XF= ZPsa !

_ Z(MucPse) ZPua
then F= ZPsa - E(muapua) !
Z (M uaP 1a) Z(MaaPa) |
E(muaPuu) E(maapud) ’

¥ Inspection will reveal that, if this approximation were an equality, the sforementioned English and
New York State adjustment factors would also be equal.

but for most communities is nearly equal to
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hence, if we substitute the latter for the former,

_z(maapaa) ZPua
¥ z?na X E(maupua)

E(muapua) X Z(MyaPsa) ZPua _E(Inuapm),
ZPua 'Epw E(‘muﬁua) ZPsa

i. e., age-adjusted rate, indirect method=age-adjusted rate, direct method.

s and therefore

Wolfenden advised that the validity of the assumed equdlity should
be tested in every case before using the indirect method to compute a
geries of age-adjusted rates, thus showing that he considered the
indirect to be a less refined method.

In investigating the true correlation between the death rates from
two diseases in a series of American cities, Karl Pearson (13-636)
found it convenient to use the indirect rather than the direct method fo
measure the mortality. He first showed that the indirect was a good

approximation of the direct, in t}}e same manner as above. What he

had to say on the approximation is of interest.

How far may we look upon the Registrar-General’s corrective factor B, as an
accurate measure of the age-distribution? It certainly gives . . . [using the
indirect method] results close to the value of . . . [the direct method] for English
distriets. Whether in a country like America, where age-distributions vary so
widely from city to ecity, it would be equally efficient, it is impossible to say
witholt actual trial. A useful piece of work would be to correlate . . . [the
results by the two methods], and so to measure the efficiency of R.. I think its
value will be probably found, for English districts at least, within the probable
errors of sampling. ’

The Life Table Death Rate

The function L, of the life table, in addition to being the number of
years lived by the “cohort” between the ages z and z-1, is also the age
distribution of the hypothetical “life table population.” This is the
population which would result if the number of births every year were.
equal to the radix of the life table (usually taken as 100,000 simulta-
neous births), and the mortality remained exactly that of the m .’s.
Since in this population the annual births and deaths are always equal,
it is also called the “stationary population.”” .

The total death rate in the life table population above age  is:

R A T TS -

Lot Lon+ . ... 4L Te
where the subscript 105 represents the last age at which there is anyone
left alive. But this is obviously the reciprocal of the function &, the
expectation of life, which is defined as T/l;. In particular, the death
rate at all ages in the life table population is the reciprocal of the expec-
tation of life at birth. This life table death rate has often been recom-
mended as a measure of the true current mortality of the community.
It has the special advantage that it is dependent upon the age-specific
rates of the community and nothing else. While the advocacy of the

.
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use of this rate has been until quite recent times a matter of only
academic interest because of the large amount of labor formerly
required to construct a life table, at present there are several methods
by which a dependable abridged table can be computed in a short
time.}? Still it is evident that when the time involved is compared with
the time necessary for computing age-adjusted rates, the making of
life tables for local areas is severely limited by practical considerations.
The life table death rate, too, is a weighted average of specific
rates. This can be simply shown in the following manner. The
average death rate for a calendar year at age x is:
dx 2
e 5 20 i 7o
whence d,=L.m.,
also 1,=2d, (where the summation is over the entire age span).
Therefore, l,=2(m.L.);
lo__ lo _Z(m.L,)

hence, the life table death ra.te=7,—; =SL.= 3L, '

It is a weighted average of the specific rates with the persons alive
at each age of the stationary, life table population as weights.

This life table population is, of course, different for every set of
specific rates. In general, however, it has the characteristic of be-
ing a good deal older than most present living populations, because
it is based upon the hypothesis of an equal crude birth and death
rate over a long period of time, whereas most of the actual popula-
tions have had a greater crude birth rate than crude death rate.
The result of this greater average age is that the L. T. D. R. (life
table death rate) is generally higher than the crude rate or the age-
adjusted death rate, direct method, which are averages of specific
rates weighted with actual populations.’®

Another characteristic of the life table population of a community
is that its composition with respect to age varies slowly in time com-
pared with actual populations. It is this stability that has recom-
mended the L. T. D. R. for use in historical comparisons of mortality.

The relationship between the age-specific death rates and the life
table death rate is complex. For instance, doubling every one of
the specific rates will decrease the expectation of life at birth, but not
so much as to cut it in half. One of the reasons for this complexity
is that, instead of being an independent variable as in a living popu-
lation taken at some instant of time, the number of deaths occurring
in each age group of the life table is dependent upon the number of
persons surviving to that age, which, in turn, is a function of the
mortality rates for all younger ages. Hence, the higher the death

12 For example, there is the Reed-Merrell method (16) which invelves only 1 or 2 hours of work. For
a review of construction methods in general, see (17-807 & ff.,

13 The life table population of the entire country is sometimes taken as a standard population for uze in
tha direct method, This will be discussed more fully later (see p. 80).
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rates in the early part of life,"the fewer the number of persons who
survive to those ‘ages where most of the deaths generally occur.

One of the most vigorous proponents of the L. T. D. R. for many
years was Dr. John Brownlee, of England. He believed that it was
the only true measure of mortality and that no age-adjusted rates
would ever have been made if the life table could be computed more
rapidly. His criticism of the age-adjusted rate, direct method, was
based on the fact that the populations used as standards were actual
populations whose age distributions resulted from changes in the birth
rate, death rate, and rate of migration for a hundred years past.
Hence, the resulting expected death rate is dependent upon a whole
series of past events, while we are interested only in measuring the
true, current mortality of the community (18-74). In another place
he writes (19-179): ’ ' :

. « . The drawback to this method is evidently the fact that the standard pop-
ulation is not a statiopary but an increasing population, in which there is, more
or less consistently, a smaller number of persons living as age is approached than
would be present in a population in which the death rate equals the birth rate.

He continues by maintaining that, though there are more infants
in this increasing population, this does not offset the lower number
of persons in the high mortality age groups late in life. “Thus, a
‘corrected’ death rate is not a real death rate.. It may be fictitiously -
low.” He illustrates his objection to the age-adjusted rate by show-
ing that its reciprocal often gives an absurd result for the expectation
of life at birth. (A death rate of 7 per 1,000 is equivalent to an aver-
age age at death of 143 years.) ' ‘

This objection indicates, however, that no distinction has been
made between the various possible purposes for which one might
construct an index of mortality. The age-adjusted rate is not designed
as a method of comparing the complete expectation of life in one
community with that in another. It is based upon an assumption—
a specific, hypothetical situation—that the age schedule of mortalities
of one community operates in an entirely different community. The
life table population is based upon another, specific but. entirely
different assumption. Apparently, Brownlee felt that any index of
mortality whose reciprocal gives a misleading impression of the
expectation of life at birth in the community should not be used.

Brownlee recognized that the labor and mathematical skill required
to construct a life table made the L. T. D. R. an impractical solution
to the mortality index problem, but he developed a method, which
he claimed to be.accurate to within 1 percent, of computing the
“true death rate” from the age-adjusted rates above each age. He
took a large number of life tables, and for each computed the expec-
tations of life at various ages and the ‘age-adjusted rates among all .
persons living above the same ages. Then he assumed that at each
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age the two were linearly related, and obtained an equation for a
line giving this relation.

The equation was of the form:

Mpr=1—m)Mpy+C,

where My is the L. T. D. R. and Mp,y, the age-adjusted rate.
The constants (1-m) and C were different for each age and sex and
were tabled for ready reference,

This method ™ is not mentioned because of any intrinsic importance
in the field of mortality indices, but because the work of Brownlee on
The Use of Death-rates as @ Measure of Hygienic Conditions (18) gave
rise to a most interesting debate on the subject: “The Value of Life-
Tables in Statistical Research” (2). This debate took place in the
Royal Statistical Society in 1922, and a number of England’s foremost
statisticians stated their opinions.

Standard Population

The severest criticism of the age-adjusted death rate has been di-
rected at its dependency on the standard chosen. Sir Arthur News-
holme quotes Prof. W. F. Willcox’s picturesque description of the
standardizing process applied to cancer death rates as a “veritable
bed of Procrustes” (9-225). Reed (3) gives an example of the com~
parison of the mortality in two States in which conflicting results
were obtained by using, first, the population of B as a standard popu-
lation for adjusting the rate of A and forming a ratio between the
adjusted rate and the crude rate of B; and by using, second, the popu-
lation of A as a standard population for adjusting the rate of B and
forming a ratio between this adjusted rate and the crude rate of A.
This example may simply mean that the difference in the mortality
of State A and State B was too small to be measured by this index.1
Nevertheless, the fact remains that it is the unavoidable arbitrariness
of the standard population that has done more than anything else
(except perhaps the lack of populations by age) to prevent the exten-
sive use of age-adjusted rates. The validity of the criticism of the
standard population weighting system will be brought up again, bub
here it is appropriate to set down what Greenwood (1-74) had to say
on this subjéct since it was he who had suggested 12 years earlier
(2-660) that the Royal Statistical Society discuss “the considerations
which should determine the choice of a standard population.”

1 Louis I. Dublin and Alfred J. Lotka (£0-485) correlated the expectation of life at birth agalnst tho age«
adjusted death rate, direct method (using the population of England and Walesin 1901 a3 a standard), for
the States of the United States (except Texas)in 1920-1931. 'The coefficient of correlation was r=~ 6024002,
The regregsion equation thut they o%tained for the relationship was e,~78.337—.0174d where ‘‘d" i3 tho age~
adjasted death rate per 100,000. When the expectation of life at birth was correlated with the cruda rates,
r was found to be —,752--.063,

15Tn a series of trials it was found that the ratios of mortalities resulting from this ere:c-standardizing
process are not in general significantly different. On the other hand, instances in which the results are

significantly different do arise and necessitate a return to the comparison of specific rates, age group by age
group,
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Jf we could only persuade people that the whole process of standardization
was merely to facilitate comparison, the psychological difficulty created by a
choice of a wholly fictitious standard population would vanish,

The emphasis here should be on the word “comparison.” As long
as the adjusted rate is looked upon as if it were a “corrected” death
rate of the community and as long as its absolute magnitude is con-
sidered of importance, the problem. of the standard population will
continue to be vexing. For, the choice of the standard definitely
influences the magnitude of the index. But, if the adjusted rates are
used for comparisons by forming ratios of one to gnother, these ratios
are very little affected by the choice of a standard population, so long
as highly atypical distributions are avoided.

‘When age-adjusted rates were first published regularly in the Eng-
lish official reports of vital statistics (in 1883), the standard popula-
tion used was that of the entire country at the previous census. The
changing of the standard at the end of each decade was later. felt to
be unsatisfactory, so the age and sex distribution of the population of
England and Wales in 1901 was taken as a “permanent” standard
near the beginning of the century. Despite the fact that it is no
longer at all typical of the existing population, this distribution is
_still used in the Registrar-General’s reports for age-ad]ustment of
death rates by the direct method.

‘When the direct method was adopted by the Bureau of the Census
in 1911, the rates were based on the same standard million of England
and Wales in 1901, since it was felt that the results “would be of
greater value for comparison.”

The matter of international comparison had early prompted attempts
to designate some international population distribution as a standard.
In 1891, Dr. M. W. Ogle suggested a standard distribution represent-
ing the aggregate populations of 7 European countries. Dr. Joseph
Korosi also investigated the matter carefully and made some com-
parisons using & standard based upon Sweden’s population in 1890
and also another aggregate, this time of 14 European countries.
Finally, in 1917, the International Statistical Institute settled on a
standard million made up of the populations of 19 European countries.
It has not been used in the United States and very little in the English
official reports.!®

Most of the users of the age-adjusted rates have felt that, if a stand-
ard population is used, it should be fairly typical of the populations in
the communities whose mortalities are to be compared.

In table Z some of the standard populations that have been men-
tioned here and others that have been suggested are presented (ex-,
pressed on a per-million basis). A typical life table standard popula-

l; %25!: of the international standards were first published in European journels, particularly (21-83)
an -pil
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tion has been included. This last has been preferred by a number of
persons. Pearl’s reason is representative (10a-278):

. . . My own preference is the L. population of the life table as a standard,
because of its inherent stability. If one recognizes that any adjusted death-rate
is at best a purely artificial figure, there will be no need to worry over the artificial«
ity of a life table population as a standard.

And again (10a~277) he recornmends it above any other existing
population: “If . . . one is interested in getting as stable a standard,

.both in time and space, as is possible . . .” This standard gives a

rough approximation of the life table death rate without involving the
mental hazard of a weighting system that varies from one community
to another.

TaBLE Z.—STANDARD MILLIONS

STANDARD MILLIONS
: Proposed by United Statcs
AGE (IN YEARS) Enagggnd International | United life table United
Wales Statistical States (Whites and States
Institute 1930 Negroes) 1940
19017 1629-1931
04 114, 262 119, 900 03, 236 €4, 351 £, 160
59_. 107, 209 } 206, 960 102, 767 62,537 Q1,104
10-14_ 102, 735 o 97,854 81, 840 £, 200
15-19__ 99, 796 } 183, 200 94,164 80, 537 O3, 700
20-24 95, 946 4 83, 607 78,466 3,000
25-34. 161, 579 147, 900 154,499 148, 656 162,160
35-44. 122,849 120, 500 140, 192 135,763 12%, 200
45-54. R 89,222 93, 200 106, 113 118,234 117, §6ify
55-64__ 59, 741 70,000 68, 445 03,849 &1, 500
65-74 33,080 40, 500 38,479 62,343 48,4060
75+ 18, 581 16,400 15, 594 33,334 20, 100
Total - 1,000, 000 1,000,000 | 1,000,000 1,000,000 | 1,000,000
Median age. 23.96 24.45 26.51 31. 20 23.03
JMpau (South Carolina) -
Mpu (Maime) 1.43 1.41 1.44 .30 1.43

On the one hand, then, there is in use in England and Wales a
standard that is out of date because it has too high a proportion in
the younger age groups, and, on the other, there is a preference ex-
pressed by Pearl and others for a life table standard million that is &
great deal older than the existing populations. How much difference
does the standard make in the comparison of two adjusted rates, or,
to be more specific, in the ratio of one adjusted rate to another, as
compared with the ratio between their crude rates? In the bottom
row of table Z are shown the ratios between the age-adjusted rates of
Soath Carolina and Maine in 1930 when the various standard popula-
tions are used as weights.

It is quite possible that two other communities might give a wider
range of ratios when subjected to the same treatment as these two
States, but in this case the two sets of specific rates differ markedly,
and the standard-population distributions have median ages as much
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asg 7 years apart. Yet the ratios between the two weighted averages
are all within a range that is 6 percent of the smallest. This seems to
indicate that, as long as the standard population has the general
characteristics of the existing’ populations as to distribution by age,
there will be few serious differences in the final quantitative com-
parisons.

The ratio between the two rates can be changed very much more by
choosing an especially designed standard population. But, when the
weighting system used departs radically in distribution from the actual
or theoretical distributions of persons living at each age, then the
question being answered is no longer: How many déaths would these
two sets of specific mortalities cause if they were applied to that living
population? Instead, the question has become: What difference is
there between the average mortality of these two communities if those
arbitrary weights are assigned to the mortalities ab ages?

The Method of Equivalent Average De-ath Rates

The method of equivalent average death rates is defined as . . . an
arithmetical mean of the rates of quinquennial groups of ages up to
some convenient limit of age such as 65, this being equivalent to cal-
culating a standardized death-rate at ages under 65 based upon a
population equally distributed over the 13 age groups” (12-11).

This definition is slightly different from that used by one of the
. inventors of the method. Yule, who proposed this index for the study
of differential occupational mortalities (1), gave it in the form of a

ratio:
z (h al?l u.a)

Ratio of equivalent average death rates—z—(hm
where m,, and m,, are the age-specific rates in the local community (or
specific occupation) and in the standard community (or all occupa-
tions), respectively, and A, is the number of years in the age group a.

The difference in definition is one of generality and form only.
As regards the generality, the first definition specifies “quinquennial
groups of ages,” in which case . would always be 5. The second
definition permits the use of age groups of varying size, so long as each
is weighted according tc the number of years it 'contains. The
objective in both is the same, that is, an approximation to the sum of
all the single-year, age-specific rates. As for the difference in form,
the first definition is expressed as a weighted average, while the second
is a ratio between two weighted sums in which the denominator is a
standard, constant from one rate to another.

The requirement that the average (or sum) be cut off at “some con-
venient limit of age such as 65" is necessary for two reasons: first,
because without such & limit it would be difficult to assign a weight to
the open-end age group (for example 65 years and over’’); and, sec-




82 VITAL STATISTICS RATES

ond, because if the limit were set too high, the index would be over-
whelmingly dominated by the specific rates of the later ages. This
limit is certainly a disadvantage.when the method is to be used for
measuring general mortality, but for such a purpose as Yule had
chiefly in mind, that is, the comparison of occupational mortalities, it
is not a serious drawback. In using the method of equivalent average
death rates for general mortality, Yule (7-26) suggests that a separate
figure for ages 65 to 85 years may be shown, and that the remaining
years of life may be disregarded. But the Registrar-General maintaing
that the rate for ages under 65 ‘“needs to be supplemented by rates at
65-75 and 75 and. over in order to gain a fairly complete picture of
mortality” (12-12).

The chief advantage that has been cited for this method when com-
" pared with the age-adjusted death rates, is that it is independent of
" any standard population. For this reason the most frequent use made
of it in the measurement of general mortality has been in the field of
international comparisons. No index can overcome incomparability
caused by varying efficiency of the systems of collection of the basic
data, but certain cautious comparisons are sometimes justifiable. The
Registrar-General of England and Wales makes use of equivalent
average death rates to compare mortality in various broad groups of
ages (5-34 years, 35-64 years, and 65-74 years) between Scotland,
Canada, South Africa, and eight European countries (23-167).

One of the first users of the method of equivalent average death
rates was Pearl who independently put forward the simple average of
specific rates in the first edition of his book, Medical Biometry and
Statistics (10-207), and stated that it was “an excellent measure of a
highly significant biologic situation.”

As has been explained, the method of equivalent average death
" rates is basically an average of the specific rates without weighting,
except' such as is used to compensate for differences in the width of
age groups. It has been constantly referred to as the equivalent of an
age-adjusted rate in which the standard population is “rectangular”
in distribution, that is, having an equal number in each age group.
Though perfectly accurate, this description seems to have resulted in
some confusion as to the purposes of the weighting system. It has
been said of it, for example, that it *“. . . has the effect at present
of giving too great weight to mortality at the higher ages 35-65, but
the extent of that overweighting is diminishing year by year, whereas
the underweighting of these ages by use of the [England and Wales]
1901 standard population becomes continually more pronounced”
(12-11). ‘

It is obvious that when the writer says ‘“too great weight’’ he
means too great as compared with the living pépulation of the com=
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munity, or too great as compared with some contemporary and typical
standard population. But, if the objective was to have a weight-~
ing system characteristic of the distribution of persons living at ages
in a population, then any one of the usual standard- millions would
do Dbetter than a ‘‘rectangular” population. Sueh a choice would
never become so out-of-date that it would be more unrepresentative
of the existing age distribution than the “rectangular’” population.

Table AA shows the computation of the equivalent average death
rates for Maine and South Carolina in 1930.

"TaBie AA—WOoRK SHEET SHOWING THE COMPUTATION OF THE EquivareENT
AvERAGE DEaTH RATES FOR MAINE AnD Sourn Caronina, 1930

MAINE : SOUTH CAROLINA
Specifie Specific
AGE (IN YEARS) rates ‘Weighit for| Weighted rates ‘Weight for| Weighted
’ (per 100,000 | size of age specific (per 100,000 | size of age specific
popula- group rate popula— group rate
tion)! tion)t
&) @ |@=ex0| ® ® | O=EXO
2,056 1 2,056 2,392 1 2,392
186 1 186 185 | 1 185
140 1 140 184 1 184
223 1 223 426 1 426
370 1 370 645 1 645
301 2 782 871 2. 1,742
545 2 1,090 1, 242 2 2,484
1,085 2 2,170 1,904 . 2 3,988
2,036 2 4,072 3,313 2 6, 626
aee 13 11, 089 ver 13 18,672
7,954 8,484
.

1 Deaths and populations of unknowa age excluded.

Rrapr (South Ca.rolma,) 11:_38><6]t7020—14 36.

Rrapr (Maine)= 3 X018 (?0—8 53.

Rreapr (South Caroling) 14.36 _;1 68
Rgapr (Maine) 853

Notn,—The formula is set up for rates per 1,000 population,
The Relative Mortality Index

The relative mortality index is a weighted average of specific-rate
ratios, that is, ratios of given specific rates to standard specific rates.
Instead of using a standard distribution of population for weights, it
goes back to the populatmns of the community itself. Thus, its
formula is:

~ = mua'pua>

Relative mortality index= ;n‘“
Dua
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But in the numerator the Pue Of the weight, factors out with the
Pue that is contained in the specific rate m,,. Hence,

dug
z ﬁ,—)
P,

The utility of this index from the practical point of view is that it
does not require the populations at ages of the given community, a
fact which will permit the computation of the index any time that
the deaths by age and an estimate of the total population are avail-
able. This index has been investigated in unpublished studies of-
the Division of Vital Statistics and was also mentioned by C. R.
Doermg and A. L. Forbes (24—462). It measures somethmg qulte
different from the age-adjusted type of index and is in no way an
approximation to any one of them. The numerator is obviously a
population, and the meaning of the index can be better understood
when it is realized that this numerator is the sum by age of that
population which, at the rate of dying m,, would be necessary to
produce in each age group the number of deaths d,,. The denomi-
nator is, of course, the actual population of the community ». Its

computation, with the 1940 specific rates of the entire United States
registration area as the standard, is shown for Maine and South
Carolina, (for 1930) in table AB.

TaBLE AB.—Work Sureer SmowiNg THE COMPUTATION OF THE RELATIVE
MorTariTY INDEX FOR MAINE aND Sours CAroLINa, IN 1930

R. M. L=

Standard spe- MAINE ” SOUTH CAROLINA
26 Uniteq.
e Unite
AGE (IN YBARS) Statesin 1940 | pyoaipet Deaths Deatha t Deaths
(per 100,000 p e Y e e et
population) in 1930 Specific rates in 1920 |Specificratcs
1) @ @)=(2)=(1) @ @ =@+
04 - 1,287 1,543 119,801 4,005 331,119
5-9_ 108 . 148 137,037 446 412, 663
10-14_ 99 104 105,051 410 414,141
15-19_ 172 153 83,953 901 523,837
20-24 240 224 93,333 1,073 447,053
25-34 306 413 134, 967 1,010 | * 624,183
354 e 520 552 106, 164 2,817 | 457,115
45-54_ 1,060 980 92,453 2,862 270, 000
55-64. . 2,226 1,476 |. 66,307 2,667 119,811
65-74_ 4,789 2,433 50, 693 2,486 51,802
75+ 12,910 3,056 23,672 2,364 18,311
Totale e e P e v 1,018, 516 “en 3,720,363
State population?in 1930..._. “ee PN 796, 832 PR . 1,738,173

1 Deaths and populations of unknown age excluded.

38,720,365
1,738,173

1,018,516
796,832

Mpar (South Carolina) _ 2.14
Mpar (Maine) 128

Mpyur (South Carolina) = =2.14,

Mpayr (Maine) = =1.28.

To5=1. 67
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The choice of standard specific rates for use with this index and
also with the age-adjusted rate, indirect method, does not present
the same difficulty as the choice of a standard population. The
concept of & standard is somewhat anomalous in the case of the popu-
lations, because the populations are not the quantities being measured.
On the other hand, there are specific mortalities that can logically
be set up as yardsticks, and against these the rates of the community
can be measured. For example, in some instances the -national
specific rates might be taken as standard for comparison of geographic
subdivisions, or a set of ““ideal” specific rates might be used. Dublin.
and Lotka have made up such a set based upon what has already
been achieved in other countries, particularly New Zealand (17-191).
These represent what they believe . can reasonably be ex-
pected in the United States as an ultimate achievement.”

It might seem at first to be an undesirable feature of the relative
mortality index that the fixed weighting system supplied by the
standard population has been eliminated in favor of a system involving
the changing weights of the local specific populations. However, the
fixed population weights were originally introduced only because
mortality varied so much according to age, sex, color, et cetera, that
changing weights could not be tolerated. But, as soon as the specific
rates of the community are expressed in the form of ratios to the
standard specific rates, the magnitude of the quantities to be averaged
is no longer correlated with the specific age or sex subgroup of the
population. s X

The mortality of these two States has now been compared by the use
of four different indices. In two of these (the direct method, and the
method of equivalent average death rates), weighted averages of the
specific rates were used; in another (the relative mortality index) a
weighted average of specific-rate ratios was used; in the fourth (the
indirect method) there was exnployed an adjustment factor compen-
sating for the ‘“mortality-proneness” of the local population. All of

these results have been brought together in table AC. (Approximated

life table death rates are also included.)" .

. )
17 The Committee on Forms and Methods of Statistical Practice (p. 65) has also in its reports deseribed
what are called “‘age limited rates.”” These are simply broad age-specifie rates designed to measure the
mortality from asingle disease or group of related diseases. Forexample, instead of finding the death rate
from communicable diseases of childhood based upon the total population, if is found specifie for the popu-
1ation under 16 years of age. For heart disease a broad age group from the middle to the end of life may be
gsi%d'ti This practice helps to reduce the distortion in cause-of-death rates that is due to varying age dis-

ribution, .
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TaBrE AC,—CoMparisoNs OF MorraLity INDICES FOr MAINE AND SouTn
CaroLINa, 1930

[Not adjusted for race and sex differences]

’ MORTALITY INDEX
METHOD
South Caro- | South Carcling
Maine ling Toine
Crude rate, 13.91 12.80 0.93
Direct method ! 12,03 17,16 1,43
Indirect method 2 11,99 18.58 1.85
Equivalent average death rate (0-65 ye8rS)...cueeueecnncan 8.53 14.36 1.63
Relative mortality index3___ 1.28 2.14 1.67
. Life table death rate ¢. 16.6 18.5 L1

1 Standard million for the United Statesin 1940 used. :
2 Specific rates and crude rate for the United 8tates in 1940 used as standard,

3 Specific rates for the United Statesin 1940 used as standard.
¢ Estimated from life tables specifia for race end sex,

Norte.—Rates are per 1,000 population,

Specific Objectives and Criteria for Mortality Indices

Standardized death-rates are attempts to express the mortality of a population
of changing or abnormal age distribution by a single figure calculated in such a
ivzaggt_l;abg the changes or abnormalities in constitution do not appreciably affect

This definition, which is of a type frequently seen, gives as the
purpose .of this- particular index only the elimination of the major
effects of differences in age constitution of the populations in the
communities being compared.

Another aim, which has already been mentioned, is more specifically
directed at the geographic comparison of mortality in local areas.
It asks for (12-14): .

... 8 simgle ratio which immediately conveys to the mind, without further
calculations, the extent to which a local death-rate in the present [eurrent] year is
in excess or defect of the rate expected [in that year], after taking into account (1)
the sex and age constitution of its population as determined at the most recent
census and (2) the mortality in the country as a whole during the prezent [ecurrent]
year. -

Even after taking into account (I) and (2), the “rate expected” is a
vague concept. However, this purpose, as stated, is more explicit
than many that are presented because it restricts the use of the ratio
to one kind of comparison, that is, mortalities in local areas during
the current year.

Still another objective, which corresponds to the most practical
uses to which an index of mortality might be put, has been stated as
follows (7-126):

.+ - . the problem is to suggest as substitutes for the crude death rate the
simplest practicable rates, such as might be used by a health officer who is asked
at 2 meeting how the city death rate compares with the rural, or whether it is
true that mortality in the state is rising.

It would be possible to cite various other objectives and specifi-
cations of this sort. Attempts have also been made to clarify the
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purpose behind these measures of mortality by setting up tests or
criteria which they must meet.: One of these is the test of reduction
of dispersion. It has been said that, since the construction of the.
index has as a goal the elimination of the effect of differences in age
constitution of the populations, therefore, one of the important
sources of dispersion in death rates was to be excluded. Consequently,
the coefficient of variation of the age-adjusted rates should be less
than that for the crude rates. However, in the case-of the direct and
indirect methods at least, the processes involved in.the adjustment of
the total death rates either do not reduce the dispersion or reduce it
so slightly as to be unimportant. In fact, the Registrar-General of
England and Wales states (23-8):

The correction for differences in age distribution accentuates the contrasts
between the mortalities of the northern industrial towns and the residential and
agricultural towns rather than diminishing them. :

The reason that he gives for this phenomenon is as follows:

Far from accounting for part of the wide differences in mortality rates between

individual county boroughs, the peculiarities in age distribution tend in general
to mask these differences, the more favourably circumstanced towns having
larger proportions of old people. .
Owing to the frequently found correlation between the age of popu-
lations and their general sanitary conditions,’® there may, therefore,
be reason to expect that age-adjusted death rates for the States of
the United States would show no significant reduction in dispersion
from the crude rates. In other words, whether the coefficient of
variation of the crude rates is reduced or increased by the process of
age-adjusting in any given instance depends upon the degree of such
-correlation as may exist between health environment and distribution.
of the population into specific, homogeneous groups.

It is possible to build up an index that has as its sole purpose the
elimination of mortality differentials associated with varying age
composition and such an index would show the expected reduction of
variance. Crude rates can be correlated with proportionate age
distributions of populations in & large number of communities, and a
regression equation can be constructed that will give the expected
crude rate for any specified age distribution. The difference between
this calculated death rate and the actual crude rate will be an index.
of the mortality variation not associated with age composition.
It should, however, be recognized that in eliminating variation due-
to age, variation due to other variables correlated with the age of the
population is partly eliminated as well. .

Another test has often been discussed in connection with indices of
mortality which seek only to eliminate the bias.due to age differences:

It is somewhat similar in effect to that.just deseribed. It sets up ag

18 Taking the number of doetors per 1,000 population as a rough index of general sanitary conditions, it
I3 of interest to note that there exists a correlation of 40.7 between this index and the median age of the
population for 47 Statesin 1930, :
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a criterion the requirement that two communities with identical
percent distributions of populgtion at specific ages and the same crude
-death rates should have the same index of mortality. The indirect
method index satisfies this requirement, but the direct method does
not. In fact, no index that is dependent upon the age-specific rates
of the commuanity will satisfy this criterion except by chance. Because
the specific rates have been looked upon as the bricks with which the
structure of the index must be built, the indirect method has been
considered as something of a makeshift, an attempt to approximate
the direct method without using the deaths at each age. This attitude
is probably not justifiable. The indirect method may not use the
specific rates, but it does involve the population by age of the com-
munity, and it is derived from & measure of the “mortality-proneness”
of that population. It gives a precise and useful type of information,
If it is this information that is desired, then the criterion just described
is a sound one.”® On the other hand, if an average of specific rates is
needed, then the following “specific-rate criterion’ is more important:
two communities having identical specific rates 4t corresponding ages
must have the same index. While the indirect method will only rarely
pass this test, the direct method always will, as will also the method of
equivalent average death rates, and the life table death rate, This
criterion states, in effect, that the index must contain no variables
(that is, quantities varying from one community to another) other
than the specific rates or parameters derived solely from them.

Another criterion can be considered which is pertinent for certain
of the public health uses of a mortality index. It lays down as a
requirement for the index that, no matter whether we. measure age-
specific mortality absolutely or relative to some standard, each meas-
urement shall influence the average in proportion to the number of
persons to whom the rate applies. The satisfying of this requirement
is, strictly speaking, incompatible with the satisfying of the preceding
one, because- this introduces the age distribution of the population of
the community, a variable excluded under the ““specific-rate eriterion.”
Criteria such as these afford a method of approach to the problem of
stating a specific purpose and thereby assist in the selection of the form
of index desired. However, the criterion is in turn dependent upon
the use to which the measure of mortality will be put. The logical
procedure is, obviously, to begin with a general description of the
objective, to follow with the specification of one or more criteria, and
finally to find the formula which satisfies the criteria. It is, never~
theless, frequently impossible to avoid reversing this order. One

1 For a defense of the indirect method, see the remarks of Dr. Percy Stocks following Yule’s &)apet (1-76):
. . . Mr, Yule suggests that the indirect method, when employed to caleulate a standardized death-rate,
is not, strictly speaking, a method of standardization at all. ~ So long as we leave it in the form of a ratio of
actual to expected deaths, as we do in calculating comparative occupational mortality, it seems to
me to suffer no greater disadvan:age, either theoretical or practical, than the direct method of obtaining
such a ratio, . . . Which of these is the more desirable seems to rie a matter of opinion.’”
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starts with several formule and, by investigating -the properties of
the indices, makes a decision as to which most nearly suits the require-
ments. 'This is largely due to the fact that the information desired
is not the only consideration influencing the choice of an index. The
statistics that are available and the ease of computation are of equal
importance,

An illustration of the process of reasoning from a general statement
of objective to a set of “desiderata’ and thence to a formula.satisfying
them is provided by section I of Yule’s paper (1) on the vital statistics
of occupational mortality, already referred to. Setting forth with the
problem of obtaining “. . . some satisfactory form of average of all
the ratios .. . [between corresponding specific rates], an average
which will measure in summary form the general fall in mortality
between the two epochs [1901 and 1931], just as an index number
measures the general fall or rise in prices,” Yule sets up two *“desid-
erata’” that he feels should be satisfied by such an average. After
testing both direct and indirect methods of adjustment against these
and finding that neither satisfies both “desiderata,” he builds up an
index that will. This is the method of equivalent average death
rates, which has already been described.

It is not always desirable to “ad]ust" for as many as p0551b1e of the

factors with which mortality varies. The unequal handicaps of..

communities, on account of their favorable or unfavorable age distri-
bution, are almost always undesirable, and whenever inequalities in
the sex ratio are important enough, there ought to be some adjustment
to compensate for them. But there are also differences in such factors
as the preportion of colored persons living in the communities, the
proportion of the population living under urban conditions, the propor-
tion of persons engaged in dangerous occupations, the number of
doctors per thousand of the population, the climate, et cetera. Each
of these dissimilarities from a certain point of view pre]udlces the
comparability of mortality statistics, and there are occasions when
each of them must be considered. Such factors can be given consider-
ation by entering them into the process of “adjusting” or index com-
puting, but the principal problem is to determine for which factors
adjustment is desirable. To take an absurd example: For public
health purposes one should certainly not wish to adjust for the propor-
tion of persons in the community drinking pasteurized milk. That is

part of the variation that should be left in the index. However, some

decisions must be made and these again will depend upon the interpre-
tation to be given to the mortality index.

For general public health or welfare purposes, it is probably desir-
able to measure only those differences or changes in mortality that are

due to the community environment and for which society is responsible.

739175 O - 47 -7
\
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Intrinsic biological variables eould be held constant, but the effects of
varying sanitary conditions, et cetera, would remain. A number of
arbitrary decisions would still have to be made to distinguish between
what is in the group’s environment and what is inherent in the group
itself, and also to agree for which parts of the environment society is
to be held responsible. TFor instance, are the differences in mortality
" which are associated with varying proportions of Negroes in the popu-
lation, inherent in the Negro and white races, or are they part of the
environment in which the two groups live? Is society responsible now
for bad environmental conditions no longer existing but still influenc-
ing mortality? Some of these questions are almost impossible to treat
statistically. A large number of others involve factors the influence of
which is so small that if they were considered, the index would become
extremely cumbersome.
Conclusion

Tables containing death rates specific for age, race, nativity, sex,
and cause may be found in this volume. Any number of different
types of weighted averages can be made with these specific rates.
But no index that could be constructed would be suitable for all pur-
poses. With a specific use in view, however, it would be possible
either to select one of the foregoing formulz described or, if necessary,
to construct a new index to measure that aspect of mortality on which
interest has been centered.
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Chapter V

DESCRIPTION AND EXPLANATION OF TABLES
Selection of Tables

The choice of tables to be included in this volume was made on
the basis of several factors.” The primary purpose was to present a
summary of the most important facts revealed by 41 years of vital
statistics experience in the United States. As a rule, those tables
. were included that seemed to be of the most general interest and to
have the greatest usefulness for the study of public health and popula-
tion developments. Major emphasis was placed on fables showing the
trend of vital statistics from the earliest year for which data were
available through 1940. In addition, 2 number of tables which show
data for 1940 only and which give a relatively complete picture of
mortality and natality conditions in that year were included.

Several specific conditions influenced the selection of tables. The
incompleteness of mortality and natality tabulations was an important
limiting factor. In general, tabulations are less detailed for earlier
years. A second lirhiting factor was the impossibility of securing
comparable date in certain classifications over the entire 41-year
period. This factor was particularly applicable to cause of death,
but it also affected other categories. A third specific factor con-
‘sidered was the number of births or deaths involved in the tabulation.
Some possible tables have been omitted because the frequencies were
too small to permit the computation of rates. A fourth factor limiting
the choice of tables was the unavailability of enumerated or estimated
populations that could be used to compute rates. It was exceedingly
difficult, and in some cases it was impossible, to secure population
statistics corresponding to certain mortality and natality classifica~
tions. .
’ Arrangement of Tables

The vital statistics rate tables are grouped together and precede
the population tables. The tables are presented in the following
order: .

1. Mortality tables.
" a. General mortality.
b. Infant mortality.

¢. Maternal mortality.
d. Stillbirths.
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2. Natality ta.bles
3. General summary tables (morta.hty and natality tables for count1es and
cities). .
" 4. Population tables.
e. United States.
b. Death-registration States..
¢. Birth-registration States.

Within each of these groups the tables are, as far as possible, ¢on-
gistent in arrangement. In all cases, tables showing trend data are
placed before tables containing information for 1940 only. Within
these two broad divisions, tables showing crude rates precede tables
giving specific rates. Mortality tables containing rates by cause of
death follow the crude and specific rate tables that are not tabulated
by cause. Natality tables giving rates by age of mother and based on
the female population (ages 10-54) follow the tables containing birth
rates based on the total population.

Descripti.on of Tables

Although' the contents of each table are indicated in the table
of contents, a listing of table titles may not provide a ready-answer
to certain types of questions. Therefore, tabular indexes of all rate
and population tables have been prepared which may be very useful
for certain purposes. These indexes, which begin on page 111, are
particularly designed to provide relatively quick answers to such
questions as: What information is available on tuberculosis mortality
by age and race for each State? What data are given on birth and
death rates in local areas? For what areas are the trends of death rates
by cause given? Is there any information on the mortality and natality
experience of numerically minor races, such as Indians? Instructions
concerning the use of these indexes are given on page 108, mmedlately
preceding the indexes themselves. '

A tabular index to population statistics designed primarily to indi-
cate the specific population tables used in computing the rates is given
on page 118. From the rates in a table and the corresponding popula-
tions, it is possible to compute the approximate number of births or
deaths In each cell of the table. Such computation would be necessary.
il the statistical significance of any rate or group of rates were to be
determined.

All rates were computed to two dec1ma1 places, but are pubhshed
to one decimal place only. 'In many cases the rates are shown beyond
the last significant figure, not because they can be interpreted with
that degree of accuracy, but because they enable the user to derive
the approximate number of cases on ‘which the rates, are based.

Rates based on less than 20 births or deaths are italicized to indicate
rates subject to large sampling fluctuations because of small fre-
quencies. . The number “20” is arbitrary and is not set forth as the |
critical point distinguishing statistically reliable rates from un-

1
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reliable rates. Whether or not a rate is statistically reliable in
terms of its sampling error depends upon the purpose for which it
is.to be used. A large sampling error may not be serious where the
rates to be compared differ greatly. However, if the differences among
the rates are small, only small sampling errors can be permitted.
Therefore, the printing of.a rate in italics morely serves to caution the
user that it is based on a very small frequency and should be interpret-
ed with that qualification in mind. Its specific meaning is shown by
the fact that a rate based on 20 births or deaths has s standard error
of roughly 22 percent of the magnitude of the rate. Rates based on
smaller frequencies have larger standard errors, and those based on
larger frequencies have smaller standard errors. The standard errors
of many of the rates based on frequencies greater than 20 should also
be calculated before a conclusive interpretation of the differences
between the rates is made.

Headnotes are used to state any special qualifications cr explana~
tions that apply to an entire table. Footnotes are used to qualify or
explain particular items in a table. -

The following symbols are used in the tables:

Class or item not applicable (three dots) - c v e =« &
-Data not available (leaders) - - - - oo oo s e
Quantity s zero, in frequency tableS_ o —
Quantity is zero, in rate tables_ . .. ... 0
If rate is more than 0 but less than 0.05____.___.. 0.0

Methods of Computing Rates

All crude birth and death rates and all specific death rates by age, sex,
race, and nativity have been computed as the number per 1,000 popula-
tion. All rates by cause are the number of deaths per 100,000 popula-
tion. Speeific birth rates by age, race, and nativity have been com-
puted as the number of live births to women in a certain age, race, and
nativity group per 1,000 women in that group.

Monthly birth and death rates have been computed on an annual
basis in the following manner:

__ Number of births or deaths in month
Population

Monthly death rates are given in tables 2, 10, 13, 22, and 25, and

monthly birth rates in tables 45 and 50.

Annusl infant mortality and maternal mortality rates and stillbirth
ratios are computed as the number of cases per 1,000 live births.
Infant mortality rates by subdivisions of the first year of life, as given
in tables 27, 31, and 85, are also computed as the number per 1,000 live
births.

The monthly infant mortality rates, as given in tables 29, 30, 31,
and 34, are computed on an annual basis as follows:

Number of days in year % 1,000,

Ratex Number of days in month

X
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Ratesr _ Number of infant deaths in month,, Number of days in year- 5 1,008,

Number of live births in year Number of days in month
The monthly stillbirth ratios given in table 43 are computed as
follows: ' .

Number of stlllblrths in month
Ratioy= Number of live births in month>< 1,000.

Explanation of Tables

Registration areas and registration States.—The annual collec-
tion of mortality. statistics by the Bureau of the Census began with the
calendar year 1900. The national death-registration area for 1900 con-
sisted of 10 States, the District of Columbia, and a number of cities
in nonregistration States. This area grew gradually by the addition of
more States until, with the admission of Texas in 1933, it included the
entire continental United States.

The national birth-registration area was net established until 1915.
The origina] birth-registration area of 1915 consisted of 10 States and
the District of Columbia. This area also grew gradually with the
admission of additional States until in 1933 it included the entire
continental United States. Hawever, cities in nonregistration States
were never admitted to the birth-registration area; therefore, this area
has always consisted of entire States only.

Death rates in most of the earlier publications of the Bureau of the
Census were computed for the entire death-registration area, which
included the registration cities in nonregistration States. However, all
of the death rates in this volume are shown for the death-registration
States (which include the District of Columbia), exclusive of the Tegis-
tration cities in nonregistration States. This change was necessary
‘because of the extreme difficulty of estimating the age, sex, and racial
composition of populations of individual cities in intercensal years.
As a result of this change, the rates for the death-registration States
in this volume differ from those for the death-registration area shown
in earlier publications. A correspondmg difference does not exist for
birth rates because, as previously stated, the buth—regstrauon area has _
always consisted of entire States only.

Death-registration States.—Table AD shows the year in Wthh :
each State entered the death-registration system. The ehanging com-
position of the area makes it impossible to obtain geographically com-
parable mortality data for the entire United States prior to 1933.
However, rates for the expanding group of registration States are ap-
prgximations to complete national rates, and general. comparisons over
a long period of years can be made. In this volume, the expanding
group of death-registration States is des1gnated simply “Death-
regmtramon States.”” Tables1,2,8,4,5,6,9, 12, 14, 15, 16, and 20 -
give various death rates for thls expandmg area.
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Certain of these tables (1, 3, 4, 5, and 20) contain raves for the
death-registration States and for each State. In all of these tables,
rates for individual States are shown only for those years in which the
State was in the registration system. ’

Tasre AD.~—YEAR 1N WHIcE Eacr STATE WAS ADMITTED TO THE DEATH-
REGISTRATION SYSTEM

YEAR STATE YEAR STATE YEAR GTATE

1880 Massachusetts. 1909 - oev Ohio, 1920...--. Nebrasksa.
New Jersey. 3 .
District of Columbia.l 1910 ... Minnesota, 1922, ... Georgin.®

Montana. Idaho.

1800 .. .. Connecticut. North Carolina.¢ Wyoming,
Delaware.? Utah.
New Hampshire, 1923.....- Towa.
New Y~.rk. 1011 Kentucky.
Rhode Island. Missouri. 1924...... North Dakots,
Vermont, .

1013...... Virginia. 1925...... Alabama,

1900_..... Maine. ' West Virginia,
Michigan. 1914 ____. Kansas,
Indiana. 1926......} Arizona,

L 1916 South Carolina,

1906........ California. 1927...... Arkanzas,
Colorado. 1) ¥ Tepnessee.
Maryland. L 1923...... Oklshoma,
Pennsylvania. 1918...... Tlinois.
South Dakota. 3 Louisiana. 1929......} Nevada.

M Oregon. New Mexico,

1908...-.- ‘Washington. .

Wisconsin. 1019 ... Florida, | 1933.aces Texn3.
Mississippi.
1Tncluded in States.

2 Dropped from the registration system in 1900; readmitted in 1019,

2 Dropped from the registration system in 1910; readmitted in 1930,

4 Included only municipalities with populations of 1,000 or more in 1900 (about 16 percont of tho total pop-
ulation); the remainder of the State was added to the system in 1916.

5 Dropged from the registration system in 1925; readmitted in 1928.

Death-registration States of 1900.—More exact mortality trends
for parts of the United States can be secured by the use of constant
areas. Death rates are shown for the following constant areas—the
death-registration States of. 1900, the death-registration States of
1910, and the death-registration States of 1920.

Rates for the death-registration States of 1900 are given in tables

2, 7,9, and 17. The following States are in this group:

Connecticut. Massachusetts. New York,
District of Columbia. Michigan. Rhode Island.
Indiana. New Hampshire. , Vermont.
Maine. - New Jersey.

Death-registration States of 1910.—Rates for the death-regis-
tration States of 1910 are given in tables 2, 8, 9, and 18. The fol-
lowing States are in this group: =«

California.
Colorado.
Connecticut.

Distriet of Columbia.

Indians.
Maine.
Maryland.

Massachusetts.
Michigan.
Minnesota.
Montana.

New Harmopshire,
New Jersey.
New York.

Ohio. 4
Pennsylvania,
Rhode Island,
Utah,

Vermont.
Washington.
‘Wisconsin,
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Death-regisiration States of 1920.—Rates for the death-regis-
tration -States of 1920 are given in tables 2 and 19. The following

States are in this group:

California.
Colorado.
Connecticut,
Delaware.

Distriet of Columbia.

Florida.
Illinois.
Indiana.
Kansas,
Kentucky.:
Louisiana.
Maine.

Maryland.
Massachusetts,
Michigan.
Minnesota.
Mississippi.
Missouri.
Montana.
Nebraska.

New Hampshire,
New Jersey.
New York.
North Carolina.

Ohio.

Oregon.
Pennsylvania.
Rhode Island.
South Carolina.
Tennessee.
Utah.
Vermont.
Virginia.
Washington
Wisconsin.

Birth-registration States.—Table AE shows the year in which
each State entered the birth-registration system. The changing
composition of the area makes it impossible to obtain geographically
comparable natality data for the entire United States prior to 1933.
However, rates for the expanding group of registration States are
approximations of complete national rates, and general comparisons

over a long period of years can be made.

In this volume, the expand-

ing group of birth-registration States is designated simply “Birth-~

registration States.”

Tasie AE.—YEar v WuicE EacE StaTE Was ADMITTED TO THE BIRTH-

REGISTRATION SYSTEM

*

YEAR . STATE YEAR STATE YEAR STATE
h1:) L — Connceticut, 1917 Virginia. 1925 West Virginia.
Maine. Washington. -
Massachusetts. ‘Wisconsin. » 1928 .- Arizona.
Michigan. Idaho.
-Minnesota, 1919...___| Califorsia.
New Hnmpshire. regon. . 1927...oo- Alabama.
New York. South Carolina.? Arkansas.
Pennsylvania. Louisiana.
Rhode Island.t 1920 Nebrasks. Missouri.
Vermont, ® Tennessee.
District of Columbia.? 1921 .. Delaware,
. Mississippi. 1028...... Colorado.
1916. - .-.- Mary]and. New Jersey. ‘Georgia.
Oklahoma.
L) U A Indiana. 1922 ... Tlinois.
Kansas, Montana. ~ 1929 ... Nevada.
Kentucky. ‘Wyoming. New Mexico.
North Carolina. R
Ohio, 1924 .. _._ Florida. 1932...... South Dakota.
Utah. L Iowa,
North Dakota, 1933..--- Texas.

1 Dropped from the birth-registration system in 1919; readmitted in 1921.

2 Included in States.

1 Dropped from the bu-th-reglstratmn system in 1925; readmitted in 1928.
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Tables 44, 45, 46, 47, 48, and 49 give various birth rates for the
expanding group of States. Tables 26, 27, 28, 30, 32, and 35 give
infant mortality rates; tables 36, 87, and 38 give maternal mortality
rates; and tables 41 and 42 give stillbirth ratios for this expanding
area. Since infant mortality rates, maternal mortality rates, and
stillbirth ratios are based on live births, all such rates or ratios are
shown for the various groups of birth-registration States.

Certain of these tables (26, 28, 86, 37, 41, 42, 44, and 47) contain
rates for the birth-registration States and for each State. In these
tables, rates for individual States are shown only for those years in
which the State was in the registration system.

Birth-registration States of 1915.—More exact natality trends
for parts of the United States can be secured by the use of constant .
areas. Birth rates are shown for the following constant areas—the

" birth-registration States of 1915 and the birth-registration States of
1920.

Rates for the buth-reglsbratlon States of 1915 ! are given in nutahty
tables 45 and 46 and in infant mortality table 27. The following
States are in this group:

Connecticut. Michigan. Pennsylvania,
District of Columbia. Minnesota. Vermont.
Maine. New Hampshire,

Massachusetts. New York.

Birth-registration States of 1920.
tion States of 19202 are given in natality tables 45 and 46. The
following States are in this group:

California., Massachusetts. ; Oregon.
Connecticut. Michigan., Penngylvania.
Distriet of Columbia. Minnesota. Utah.
Indiana. Nebraska. Vermont.
Kansas. New Hampshire. Virginia.
Kentucky. New York. ‘Washington.
Maine. North Carolina. ‘Wisconsin,
Maryland. Ohio.

Completeness of registration.—Every State had adopted a vital
statistics law requiring the registration of all births and deaths before
it was admitted to -the national registration areas. However, the
effectiveness of these laws varied throughout the period for which the
rates in this volume were tabulated. Furthermore, the degree of
effectiveness as measured by the completeness of registration, has
varied between States at all times during this period.

19; g{hodg %sllazi% is excluded because it was not in the birth-registration system continuously from 1916 to
see table

1 Rhode Island and South Carolina are excluded because they were not in the birth-rogistration systom

continuously from 1920 to 1940, see tabls AE, p. 97.
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" Accurate information as to the completeness of registration in each
State throughout the period is not available. One condition required
for admission to the national registration areas was a registration
demonstrated to be at least 90 percent complete. Since this was
used as a criterion, all of the States were admitted to both registration
areas by 1933.. Although registration has probably become more
complete in most of the States, it is also likely that there has been
regression in some.

A systematic Nation-wide test of the completeness of death regis-
tration has never been made. . However, it is believed that it is more
complete than is birth registration. A Nation-wide test of the com-
pleteness of birth registration was made by the Bureau-of the Census
in 1940. All births registered as occurring during December of 1939
end January, February, and March of 1940 were matched with ‘the
infants under 4 months of age, enumerated in the population census
as of April 1, 1940, and with the infants born during these 4 months
whose deaths were registered as occurring prior to April 1, 1940.
The proportion of infants (those enumerafed plus those whose deaths.
were registered) for whom birth certificates were found, was used as
the measure of completeness of birth registration. A complete
description of the procedure afid method of the test will be given in a
future publication. Table AF summarizes the results of the test:

TapiE AF.—PurcENT COMPLETENESS OF BIRTH REGISTRATION: UNI’I‘ED STATES
AND EacH StaTe, 1940 .

’ Percent Percent
AREA complete- complgte-
ness . - . * ness
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Table AG gives the trends of the crude birth rates by States during
the period 1930 to 1940, inclusive. The rates have been corrected
for underregistration and, therefore, differ significantly from rates
based only on the number of reported births.

The estimates of underregistration were derived in the followmg
manner. The figures shown in table AF were taken as the best esti-
mates of the completeness of birth registration by States in 1940Q.
For earlier years it was necessary to use estimates secured by another
method, In 1934, Prof. P. K. Whelpton published estimates of
underregistration for the period April 1, 1929 to April 1, 1930, calcu-
lated by a method discussed elsewhere.? Whelpton revised these
estimates on the basis of the differences between the percentages
obtained for 1940 by the Bureau of the Census test and the percentages
for 1940 obtained by the method used to secure his original 1929-1930
estimates. This adjustment can be expressed as follows:

A=2xD,

where:
A=Whelpton’s revised estimate of completeness of registration in 1930,
B=completeness of registration in 1940 by the Bureau of the Census test
C'—-completeness of registration in 1940 by Whelpton’s original method
D=Whelpton’s original estimate of completeness of registration in 1930.

The values obtained in this way were used as estimates of the
completeness -of birth registration in 1930. In order fo secure esti-
mates of underreglstra.txon for the years befween 1930 and 1940, it
was assumed, in the absence of exact information, that the trend of
registration completeness between 1930 and 1940 was linear.

The corrected birth rates given in table AG were computed by
adjusting the number of reported births according to the estimates of
underregistration and dividing them by the enumerated or estimated
populations.

3 WEELPTON, P.X. The Tet of Birth Registration in the United States. Journal of the Amerfcan
Statistical Association, vol XXIX, No. 186, pp. 125-136. Junse 1

N
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TasLe AG.—CrupE Birte RaTEs (NUmBER oF Live Birras rEr 1,000 Porura-
710N) CORRECTED FOR UNDERREGISTRATION: UNITED StATES ! AND “EACH

[ DESCRIPTION AND EXPLANATION OF TABLES
t
l

SraTe, 1930-1940

AREA 1940 | 1939 | 1038 | 1937 | 1936 | 1935 | 1934 | 1933 | 1932 | 1931 | 1936
' United States oo omeeeeee 19.4)18.6) 10,0 ) 18.5(.18.1 | 18.4( 18.6 [ 18,1 | 10.1 [ 18.7 | 20.7
Nrw ENGLAND:
Maine. 18.6 ) 18.5} 10,01 19.1 | 18.2 ['190.8 | 20.0 | 19.4 | 20.7 | 21.1 | 21.1
New Hampshire....._...--.| 17.5 | 16.5 | 16.5 | 16.3 | 16.4 | 16.7 | 17.0( 16.0 | 17.0 | 17.0 | 18.4
Vermont. ... 19.2 | 18.4) 18.4 1 18.6119.1 | 19.6 | 19.8 | 18.5 | 18.2 | 20.3 | 21.2
Massachusetts.. 15,5 | 14.7 | 14.0 | 14.1 | 14.1 | 14.5 | 14.8 | 14.9 [ 16.2 | 16.4} 17.3
Rhode Islang. -ooccmveeeeeean 16.3 | 15.1 | 15.4( 15.0 | 16.0 | 156.3 | 15.6 | 15.7 | 16.7 | 16.8| 18.1
Connecticut 14.8 | 14.0 | 14.3 | 13.8 | 13.5 | 13.6 | 13.7 | 13.8 14.. 6158 17.2
MIDDLE ATLANTIC: . X -
New York 14.1114.2 | 13.9| 13.8 | 14.0 | 14.2 |-14.4 | 15.4 | 16.1 | 17.1
New Jersey.-.. 13.8113.9 | 13.6 | 13.4 | 13.6 | 13.7 | 14.0( 15.3| 16.1 | 17.4
Pennsylvania. . coooeomremoan 16.9 ] 17.3 [ 17.1 | 17. 171 17,0 16.6 | 17.9 | 19.1{ 20.3
EAST NORTE CENTRAL!
Ohio 511661172 16.41 15.8| 15.5| 15.4 | 14.7 | 5.7 16.7| 18.4
In ,7117.7418.3| 1711 16.6 | 16.3 | 16.2 | 15.7 | 16.6 | 17.7 | 18.9
I1li 16.1| 15.5 | 16.2 | 15.3 | 14.9 | 150 | 14.8 | 14.5 ] 151§ 16.1{ 17.5
Michigan__ o oeaeeen 19.3118.71 10.5 | 18.71 18.83 ) 18.3 | 17.6 | 17.0 | 18.0| 19.0 | 20.5
‘Wisconsin 18.01 17.9 | 18.4 | 17.9 | 17. 17,7} 17,4 | 17.1 1 181 | 18.7 | 19.7
‘WEST NORTH OENTRAL: g
Minnesota. 11183184 |17.7117.7117.2{17.3] 16.9{ 7.7} 18.0| 18.4
(1) N 8911841 18,51 18.1 | 183 | 17.6 | 18.3 | 17.2 | 17.7] 18.4} 18.9
Missouri- - 82173117 16.8 { 16.5 | 16.9 1 17.5 | 16.9 | 17.8 | 18.1 | 18.7
North Dakota. 2.0 | 21.8 | 21.7 ] 21.0{ 22.4| 22.4 | 23.9 | 21.6 | 23.0 | -23.4 | 23.9
South Dakota 3 - R 0 RO SRR PSRN PSRN FRRRUI Fusorsiyl SRR RN S
Nebraska 17.4 1 17.6117.6 | 17.2 | 18.2 | 17.6 | 18.8 | 18.0| 18.7 | 19.7 | 20.0
Kansas N 16,71 16,8 16,9} 16.7 | 17.0 | 17.4 | 18.6 | 17.6 | 18.1 | 18.8 | "10.4
BoUTH ATLANTIC: ’
TGN 2T T 176 | 17.5| 15.8  16.3 | 16.1 | 16.0 | 17.6 | 17.6 } 18.7
aryland_______.. 17.1] 16.5| 16.0 ¢ 16.6 | 16,9 | 17.2 | 18.3| 18.6 | 19.9
District of Columbia.. 20.6 | 20.3 | 18.8 18.0 | 18.0| 18.9 ) 19.9 | 18.6 | 19.2
reinig. . ooeeeea- 21,8 21.56121.6 ] 22.0 22.8 22.7 1 24.5) 24.0] 25.4
‘West Virginia 26.7]26.7] 26,0 26.9(27.2| 24.3126.4127.3! 20.5
North Caro, 2701271 26.5]27.6 | 28.2| 27.2 ] 28.6 { 28.0 | 26.4
South Carol 28,6 ] 286 27.8]28.9|3L.7]29.1§380.3|2.0( 30.2
[£71¢) 741 VN 25.8126.1 | 25.7|26.6 | 27.83 | 26.0] 27.5| 26.9 ] 26.9
Florida 19.6 { 19.3 | 19.0| 19.4 | 18.8 | 18.5 | 20.1 | 20.3 | 20.6
EastT BoUuTH OENTRAL: ’
KentueKy aocmcmccccmemcmnne 25.1(24.3125.4]23.4123.6(24.8|26.2)245]28.7[259| 27.2
Tennessee. 23.8 | 23.2 | 23. 23.5123.0| 24.3(24.1{23.5} 25.1| 25.5| 26.2
Alabama. ... 26.2 25.6126.0) 26.0| 25.5 | 26.6 1 27.5} 26.1 | 27.8 | 27.9| 28.6
Mississippi. 27,0 26,8 ] 28.5§ 28.4 | 27.3 | 27.0} 27.1{ 25.6 | 27.4 | 27.2 | 20.2
WEesT SoutH CENTRAL: o
Arkansas 26,31 24.2] 25,6 24.4 23.3| 24.726.0; 25.3| 26.4 | 28.7 | 28.5
Louisiang...oocmececccamacnae 25.1 | 24.4125.0}23.9(23.0|22.5)23.32201]24.5][252| 25.4
Oklahoma. 22,61 22.4]23.4{ 222 225|23.7|26.2] 2471239 25 25.7
Texas 3 725 25 IR (RN SRR SRR (RPN FROIT [N FRIOU SV SRR
MOUNTAIN:
Montana. 21.0)20.2}120.119.4)190.8]| 19,3 19.4 17.6 ( 17.9] 19.0| 19.6
23. A 23.7122.3122.6}21.7]|21.9]20.3|2L0|220| 22
21.3(19.8)21.3)19.9(21.2]19.9]20.2| 21.6 | 21.7
. 3 21.4)20.8119.9] 2.0 20.2 | 19.7{ 20.4 | 21.8 | 22.6
New Mexico. 30.4] 20.9|30.8]| 30.6¢ 20.6 | 31.3 | 31.4} 31.2 32,3 32.7{ 33.1
AXIZODA. e 25.1(23.8|243]|24.0/[22.3|2..8)20.7{20.3(21.7{245] 27.8
B Utah 2541247 25.5| 24.8| 246 24.9] 2501 23.6) 240 24.3] 264
P (=370 £ S 19.2118.7 | 18.7{ 17.7 | 14.8 | 15.2 ] 16.7 | 15.3 | 14.5| 14.5| 16.5
PAcIrIC:
Whashington ..cceeoooooooeoo 16.5{ 159 16.3 | 15.4 | 14.7] 14.3 | 14.5| 13.6 | 13.9 | 14.3| 15.0
Qregon 16.8 | 15.9 | 16.6 | 16.1 | 13.9{ 13.4 | 13.5 [M12.7 | 13.4 | 13.8| 14.2
Oalifornifameceaenmcaranaenan 16.6 | 15.6 | 15.7 | 14.9{ 13.7{ 13.4 | 13.4| 13.1 | 13.8 | 14.6 | 15.5

1 Excludes South Dakota and Texas for 1930-1939, inclusive.
2 Rate shown for 1940 only because fhis State was not admitte:

and because comparable estimates of-underregistration are not available for years prior to 1940. .
3 Rate shown for 1940 only becauss this State was not admitted to the birth-registration system until 1933,
and becausq comparable estimates of underregistration are not available for years prior to 1940.

d to the birth-registration system until 1932, -
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. Place of occurrence and place of residence.—A majority of the
rate tables are based on statistics of births and deaths tabulated by
place of birth or by place of death. Official national vital statistics
were compiled on a place-of-occurrence basis during most of the
period covered. Detailed tabulations on a place-of-residence basis
are available for recent years on]y

Mortality tables 11 and 24, natality tables 51 and 52, and summary
tables 53 and 54, give data for 1940 only, and are ﬁabulated by place
of residence. Infant mortality table 28, maternal mortality table 37,
and natality table 46 give rate trends compiled by place of occurrence
except for the years 1939 and 1940. Rates for these 2 years are
based on data tabulated by place of residence. Natality table 47
contains rate trends compiled by place of occurrence for 1920 and
1930; the rates for 1940 are based on data compiled by place of resi-
dence. All of the other rate tables in this volume are based on tab-
ulations by place of occurzrence. .

Tables 28, 37, 46, and 47 present the problem of comparability
of data compiled by place of occurrence and by place of residence.
Tables 28, 37, and 47 contain data tabulated by individual States.
Numerous comparisons show that place-of-occurrence datsz and
place-of-residence data do not differ greatly for entire States. There-

" fore, the rates for State totals given in these three tables can be ag-
sumed to be essentially comparable between years.

However, tables 28 and 37, giving rates also by population-size
groups, do present to a significant degree the problem of compa~
rability. Birth and death rates for population-size groups compiled
by place of residence differ significantly from those compiled by
place of occurrence.* As a rule, birth and death rates by place of
residence for urban areas (cities and other incorporated places of
2,500 inhabitants or more) are lower than rates for these areas based
on place of occurrence. The reverse is true of rural areas.

Tables giving the trends of birth and death rates for individual
cities have not been included. The natality and mortality experience
of a city is accurately indicated only by resident tabulations. Data
by place of residence are not available for years prior to 1935, and
information based on place of occurrence would not be adequate.
Changes in the frequency of hospitalization of nonresidents could
produce significant changes in statistics tabulated by place of occur-

. rence entirely mdependent of any real mortahty and natality trends.

Population groups.—Tables 28 and 37 give the trends of infant
mortality and maternal mortality rates, respectively, by five popu-~
lation-size groups for each State. It may be noted that rates for
some population-size groups are not given for a State when there

4 See chap. IT, p. 16.
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are no cities of the specified population in that State. This statement
applies also to tables 11 and 51, which give mortality and natality
rates, Tespectively, for 1940 by- population-size groups in each State.

In tables 28 and 37 showing rate trends by population-size groups,
the composition of each group for any year was determined on the
basis of the latest available population figures at the time the data
were tabulated.. The following outline shows the census year used
in allocating cities to population-size groups for each year from 1915
to 1940:

“  Period of tabulation: l Census year
19151919 e 1910
19201929 . o e 1920
1930-1989 . o C e 1930
1940 oo 1940

Therefore, the rate trends in the tables mentioned are not for a
constant area, so far as the specific cities included in each population-
size group are concerned, but for a constant type of area defined by
the population.of the cities according to the latest census information
available at the time the birth and death data were tabulated.

Race groups.—The only race classifications shown are “White”
and “All other races.” ‘All other races” includes Negroes, Indians,
Chinese, Japanese, and other numerically minor races. Births and
deaths of Mexicans are included with the “White” group for every
year except 1932, 1933, and 1934 for certain tables. Mexicans were
orlgmally tabulated with “All other races” for these 3 years, and
in some tables it was impossible to include them with the “White”
group. 'This qualification applies to tables 17, 18, 27, 28, 32, 37, 38,
and-46. In tables 27, 28, 32, 37, and 38 Which give infant and ma-
ternal mortality rates, both births and deaths of Mexicans were
tabulated with “All other races.” However, in the case of tables
17, 18, and 46, the death and birth rates were based on populations
a.d]usted to include Mexicans with the “White” group. These facts
introduce an element of mcomparabﬂlty into the race-specific rates
for the years 1932 to 1934, inclusive, in the eight tables specified.

Nativity.—Mortality table 9 and natality tables 48, 49, and 52
give rates for two nativity groups, native white and foreign-born
white. ~Tn all of these tables, unknown nativity has been included
with native white.

Age classification.—In: all mortality and natality tables giving
age-speclﬁc rates, the deaths of persons of unstated age and the births
to mothers whose ages were not stated have not been distributed
among the specified age groups. They are included with the total
deaths or births for all ages in each table. In the estimated popu-
lations used to compute rates, the number of persons of unstated age
was distributed among the specified age groups. In the enumerated
populations, except for 1940, the number of persons of unstated age
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was not distributed. In the 1940 population census tabulations, all
persons of unstated age were allocated to specific age groups according
to the special metbod described elsewhere.” Therefore, all age-
specific rates for 1940 were computed by using the number of births
or deaths in each age group, excluding ages not stated, and the popu-
lation in each age group, including some persons whose ages were
not stated. However, this fact seems to be insignificant because of
the small percentage of cases in which the age of decedent or the age
of mother is not stated on the death or birth certificate.?

Causes of death.—The major problem in the tabulation of death

rates by cause of death for a period such as 1900 to 1940, inclusive,
is the selection of a list -of causes for which comparable data are
available. During this 4l-year period mortality statistics were
tabulated by the Bureau of the Census according to five different
revisions of the International List of Causes of Death. In the course
of successive revisions certain titles have been dropped, others have
been added, and. the grouping of inclusions under the titles has been
changed. As a result of such changes, it is impossible to secure
comparable statistics throughout the period for each cause classified
in the latest revision of the International List (fifth, 1938).
. In this volume the comparability problem has been handled in two
ways. For most of the tables (13, 14, 15, 16, 17, 18, 19, and 20) that
give the trends of mortality rates by cause of death, a list of 59
causes and groups of causes was selected for which essentially com-
parable tabulations were available. Twenty-four comparable causes
were used in table 13, and 10 comparable causes in table 14, Similarly,
a special list of causes of infant deaths, giving essentially comparable
tabulations, was selected for use in tables 32 and 35.

In addition to the tables giving the trend of mortality for a uniform
list of causes, table 12 gives the rates for every cause in each of the
five revisions of the International List used during the period 1900 to
1940, inclusive. Rates for each cause classified in the first revision
are shown in section A for the period 1900 to 1909; for each cause in
the second revision, in section B from 1910 to 1920; for each cause in
the third revision, in section C from 1921 to 1929; for each cause in the
fourth revision, in section D from 1930 to 1938; and for each cause in
the fifth revision, in section E for 1939 and 1940. This table contains
information on deaths from many causes not shown in the list of 59
selected causes.

Table AH shows the 57 causes and groups of causes for which essen-
tially comparable mortality trends are given in this volume, and also
the International List numbers which have been included in each group
at different times during the period 1900 to 1940. The causes shown

8 DEMING, W. EDWARDS. The Elimination of Unknown Ages in the 1040 Population Census. U. B
D?%artlghe:t ?lrI Commerce, Bureau of the Census. January 1942,
ee chap. I, p. I
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with an asterisk (*) appear in both the gcneral mortality and the

infant mortality fables.

have been used in the infant mortality tables only.

At the bottom of the list are causes that

Tasre AH.—ComparaBLE Causes 'oF DEATE SHOWING INTERNATIONAL LIST
NunmBERs: UNITED STATES, 1900-1940

{An asterisk (*) indicates causes included also in trend table of infant mortality]

SELECTED LIST OF CAUSES OF DEATH

o o
INTERNATIONAL LIST NUMBERS AS ADOPTED FOR USE IN
,BUREAU OF THE CENSUS

1939, 1940 1930-1938 1921-1929 1910-1920 | 19001909
Typhoid and paratyphoid fever.__...... 1,2 1,2 1a,b 1 1 R
Cerebrospmal (meningococcus) menin-
gitis* 6 18 24 6le (O]
Scarlet fever* 8 8 8 7 7
Whoog ng cough* 9 9 9 8 8
eria* 10 10 10 9 9
Tubercu]osls [CLR 33T T, 1322 | 23-32 31-37 28-35 26-34
Tuberculosis of the respiratory system®*.. 13 23 31 28,20 26,27
Tuberculosis (other forms). - cocommocnne- 14-22 24-32 32-37 30-35 28-34
Dysentery*... 27 13 16 14 14
Malaria. . 28 38 5 4 4
Syphills (all forms) ..o cmaaeee 30 34,80,83,06 | 38,72,76,91a | 37,62,67 | 36,62,67
Lbcomotor ataxia (tabes dorselis)... - 30a 80 72 62 62
General paralysis of the insane._ ... - 30b ] 76 67 67
Aneur¥3m of the aorta...___. . 30d 96 9la (1) o
Byphilis (other 137 113 R, 30c, e-g 34 33 37 36
Mensles*._ 35 7 . 7 6 6
Cancer and other malignant tumors..... 45-55 45-53 43-49 39-45 39-45
Oancer of digestive organs and perito-
neum 46 46 44,245, 49 pt.3 :11%.’ %13, 40,41
pt.
Cancer of female genital organs......_ 48,49 48,49 46 42 42
Oancor of the breast 50 50 47 43 43
Cancer (other sites)- e 45,47, 51-55) 48, 47, 51-53 434,844481: A |89, §0415)t 4| 39,44,45
Diaboetes mellitus. 61 59 57 50 50 -
Exophthalmic goi 63b 66b 60a 51 51
Pellagra (except alcohol 69 62 54 26 25
Alcoholism (ethylism). 77 75 66 56 56
Intracranial lesions of vi 83 82 74,75,83 64-66, 82 - | 6466, 82
Diseases of the heart___ 90-95 90-95 87-90 77-80 77-80
Bronchitis_. . 106 106 99 89, 80 90, 91
Pneumonia (all forms) and influenza*__.| 107-109,33 { 107-109,11 100, 101, 11 91,62,10 } 92,93,10
Bronchopneumonia*. . oo oo oo 107 107 100 91 92
Lobar pneumonia® 108 108 101a 92 pt. 938
Pneumonia (unspecified)*.._.. 109 109 101b 92 pt.7 0]
Influenza* 33 11 11 10 10
Uleer of stomach or duodenum._.__...... 117 17 111 102 103
Diarrhea, enteritis, and ulceration of the
intestines 119, 120 119,120 113,114,165 | 104, 105, 13 | 105,108, 13
Appendieitis, 121 121 ~ 117 108 118
Hornia and intestinal obstruction._..... 122 122 118 109 108
Cirrhosis of the Jiver..ceocomomccarancoa- 124 124 122 113 112
Billary ealeuli. 126 126 123 114 113
Nephritis (all forms). «coecmcecnmcnacenn 130-132 130-132 128,129 119,120 119,120
Acutenephritis. ... . 130 130 128 119 119
Chronic and u.nspeclﬂed nephritis -| 131,132 131,132 129 120 120
Diseases of the prostate. ....._... 137 137 135 126 125
Puerperal (total) - 140-150 140-150 143-150 134-141. | 134-141
Puerperal septicemis. . cvaveraiiiiias 140&;2&, 140, 1422, 145 146 137 137
Puerperal toxemias 14lai ;‘%144, 146, 147 148 138 138
Other puerperal cause; 141b, d, e, 1, | 141, 142b, 143, | 143-145, 147, 134-136, 134-1386,
142b, 143, | 144, 148-150 149,150 139-141 139141
145, 146, _
149, 150
Congenital malformations and dfseases
peculiar to first year of life e oeeonoe 167-161 167-161 159-162 150-162 ig%—lg%,
jus
Congenital malformations®. ... ... .. 157 157 150 4 150 160
Premature birth*. oo eeeecaaaem 159 159 161a 161a 161 pt.

See footnotes at end of table.
7391756 0 - 47-8
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Tapue AH.—ComparaBrE Cavuses oF DEATH Smowing INTERNATIONAL List
Numsers: Unitep States, 1900~1940—Continued

[An asterisk (*) indicates causes included also’in trend table of infant mortality]

INTERNATIONAL L1S? NUMBERS AS ADOPTED FOR USE IN
BUREAU OF THE CENSUS
SELECTED LIST OF CAUSES OF DEATH
1959, 1940 19201938 1921-1929 1910-1920 | 1900-1909
Other diseases of early infancy__....._.._| 158,160,161 | 158,160,161 | 160,161b,162 | 151b,152 1{7716' IEZ”,
Bt
Senility. -, 162 162 164 154 &4
Suicid p 163,164 163-171 165-174 155-163 165163
Honie ”. 165-168 172-175 197-200 182-184 176 pt.io
l\rIotor-vehxule accidents_ oo oo 170 220166 220181, 188 pt."t 175 pt2 | 166 pt.1s
Other accidents 169, 176-195, 176-187, 164174, | 164,165,
171-195 201-205, 188 pt.,’13 189, | 175 pt. M | 166 pt. 14
—~ 207, 209, 192-196, 176-181, 1&7—175,
212~214 201~203 185, 186 176 pt.1s
Til-defined causes of deatho ao .. c.-| 199,200 199, 200 204, 205 187-189 177-179
Additional causes included in trend table
of infant mortality
Erysipelas 11 15 21 18 PR
Tetanus. 12 22 29 24 PR
Tuberculogis of the meninges and central
nervous system 14 24 32 80 R
‘Tuberculosis (other forms) .o oo 15-22 25-32 33-37 31-35 e
Convulsions. 86 86 80 71 ‘e
Di: of the stomach 117,118 117,118 111,112 102,103 P
Diarrhea, enteritis, and ulceration of
the intéstines. . e —————— 119 119 113,16 104,13 v
Congenital deblhty.. 158 158, 161b, ¢ 16 160 151b PRI
TInjury at birth. ool 160 160 161h 162a e
t Not tabulated separately.
2 EBxeept pharynx.
3 Pancreas only.
4 Pharynx only.

5 Except pancreas.
¢ Pneumonia (unspecified) included with lobar pneumeonia.
7 Except lobar pneumonia.
8 Injuries at birth only.
¢ Except premature birth.
19 Homicide only.
11 Automobile accidents only for 1921—1925, inclusive; automobile and motoreyclo aceidents and auto~
mobile collisions with railroad trains and streetcars for 1926-1929, inclusive,
12 Automobile accidents.
13 Except those in note 11.
14 Except automobile accidents.
15 Suffocation and other external violence only.
18 Jeterus and selerema excluded for 1937 and 1938,

Essentially comparable tabulations are available for the precedmg
list of causes from 1900 to 1940, inclusive. However, even with
respect to some of these causes, certain changes occurred in the
inclusions allocated to the International List titles. Such changes
are given in footnotes appended to the respective tables and should
be considered in the interpretation of some of the rate trends.

The preceding statement concerning the comparability of the cause-
specific rates published in this volume applies only to the International
List classifications used in tabulating the data. Other factors affect~
ing the comparability of mortality statistics are discussed in chapter
II: '

Populations used ir. computing rates—Both enumerated and
estimated populations were used in computing the rates presented in
this volume. Headnotes on each table specify whether the popula~

'
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tions used were enumerated or estimated. All of the estimated
populations were estimated as of July 1 of each year. Enumerated
populations are as of the dates of the censuses, which have varied from
time to time. The dates of the censuses are: June 1, 1900; April 15,
1910; January 1, 1920; April 1, 1930; and April 1, 1940.

The estimated populations for intercensal dates were prepared in
the Population Division of the Bureau of the Census by Dr. Henry S.
Shryock Jr. A full statement on the methods employed in construct-
ing these estimates will be contained in a forthcoming publication
dealing with intercensal estimates of population by age, sex, color,
and nativity from 1900 to 1939. This publlcatlon will also present
estimates for some areas and classes not covered in this volume.

The method of estimation may be summarized very briefly as fol-
lows: The population of the United States as a whole for each year
was obtained, in general, from census figures ant/i statistics of births,
deaths, immigration, and emigration. The figures on births and
deaths were corrected for underregistration: State totals were com-
puted on the basis of local data symptomatic of population growth
(principally local enumerations, school censuses, and data on school
enrollment) supplemented by mathematical interpolations. The
distribution of the population of all classes into age, sex, race, and
nativity groups was effected by interpolation either by, simple mathe-,
matical formule between figures of different censuses for the same
group, or by aging the population at the preceding census and allow-
ing for births and net migration.

In order to obtain a set of internally consistent estlmates for all
areas and groups, it was necessary to adjust some of the data, usually
to two or more sets of totals by a multiple weighting process. These
adjustments account for some of the yearly fluctuations in the data.
Hence, slight increases or decreases in a population from one year to
the next should be interpreted with caution.

To preserve comparability with census figures, several known
biases have been left in the estimates. The true number of children
under 5 years of age is underestimated by approximately the same
percentage as that by which it is underreported at & census. No
attempt has been made to smooth out erroneous concentrations in
certain age periods.

The estimates are presented to the last digit, as computed (mstead
of being rounded), not because ,they are assumed to be accurate to
the last unit, but for convenience in summation. It is, of course,
impossible to obtain a measure of the error for the estimates, but
it is felt that they are more accurate than thdse given by simple linear
interpolation.

All figures for 1940 represent tabulations of the enumerated data
except for the age groups 75 to 84 years and 85 years,and over.. At
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the time the data for this volume were prepared, the number of per-
sons 75 years and over had been tabulated only as a total. Hence,
its distribution between the two age groups mentioned was estimated
on the basis of the 1930 distribution for the same or a similar area or
class. There has been no trend during the past three or four decades
in the proportion of persons 75 years and over who are also 85 years
and over.

The population estimates were made after final population data
for 1940 were available, and differ from provisional estimates made
on the basis of preliminary tabulations for 1940. Similarly, the birth
and death rates based on these estimated populations may differ from
previously published rates based on the provisional population
estimates.

Tabular Indezes to Rate and Population Tables

Separate tabular indexes are given for the rate tables on general
mortality, infant mortality, maternal mortality, stillbirths, and
natality, and for the population tables.

Each of these indexes has three parts:

1. Across the top of the index are the headings that indicate area, years
covered, and specific contents of the tables.
2. Down the left-hand margin of the index are the table numbers and the
pages on which the tables begin.
3. In the body of the index are two types of symbols, “X” and “—.”"
In any row, an “X” indicates that the table does contain data relat-
ing to the heading under which the “X” is located. The “X” symbols
also indicate that the data covered in the tables are completely cross«

tabulated.
In any row, a dash (—) indicates that the table does nof contain any

data relating to the heading under which the dash is located,

The method by which the indexes give the contents of the tables
can be illustrated by use of an example. Consider table 23, which
is shown in the index of general mortality tables. The symbol “X*
appears under the box headings “Expanding States,” “Each State,”
1940 only,” “Age,” “Race,” “Sex,” and “Cause of death.” There-
fore, it is immediately shown that this table covers these and only
these items. - Furthermore, it is known that these “X’ items are
completely cross-tabulated.

Specifically, it is apparent that such information as the following
is available in this particular table: The death rate of white males,
age 25 to 34 years, for tuberculosis (see footnote 9, referred fo in
the index), in the State of New York, for 1940. A similar, precise
knowledge of the contents of each table can be obtained in & rela-
tively short time from the tabular indexes.

The preceding description explains the form and method of the
indexing. A few suggestions on how to use the indexes may be
helpful. Among the type of questions usually asked are: What
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age-specific rates are available? -What age-cause rates? What
age-sex-Tace-cause rates for ‘individual States? The easiest way to
answer such questions is to look in the colummns of the mdex under
the appropriate box headings.
" Suppose the following question i$ raised: Did the death rate for
cancer in Utah increase or decrease between 1930 and 1940? The
. tabular index t® general mortality will show whether this informa-
tion is available and, if so, in which table it may be found. The
user may begin with any pertinent column, but one procedure would °
be as follows: Refer to the column headed “Each State.” It is evi- .
dent that a number of tables give information for each State, but
cause-of-death data are rot found in all of them. Exammatlon of
the last column of the index, under “Specific contents,” reveals that .
tables 20, 21, 23, and 25 have data on each State for certain causes
of death, and these causes, listed in the footnotes, show that-*‘Cancer
and other malignant tumors, List numbers 45-55,”” appears in each
of these tables. « The next step is to determine whether these tables
show data for the past decade. Under ““Years covered, 1900-1940"
it is found that only tablé 20 gives data on cancer mortality in Utah
for the past 10 years. The “Page in volume” column indicates that
table 20 begins or page 330. Any other combinations of data can
be traced in the same way.

It is believed that the short time required to become familiar with
the indexas will be amply repaid by the speed and accuracy with
which the user will be able to determine the availability and location .
of the precise information desired.

The cross-reference index on page 119 serves a different purpose
from the tabular indexes previously described, It is designed to
enable the user to locate the population table o tables that give
the populations used in computing the birth and death rates in the
rate tables. From any rate and the corresponding population, the
number of births or deaths on which the rate is based can be eom-
puted, with a very small error. -

The rate table numbers are listed in Arablc numerals down the
left-hand side of the index, and the population tables are listed in
Roman numerals across the top. In the horizontal row for each
rate table, a dot () is placed under the number of each population -
table containing the corresponding populations. Suppose the popu-
lations used in computing the rates given in table 1 were required.,
By referring to the index, it is apparent that population tables I,
VIII, and X contain the required data. Table I gives the popula~
tions of each State for each year, and table VIII or table X gives.
the population of. the expanding death-registration States as a group
for each year. Similarly, each table containing rates based on

~
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enumerated or estimated populations has at least one table indicated
as a source of the necessary populations. Before using the popula-~
tions in any table to derive the number of births or deaths involved
in computing corresponding rates, the population table should be
checked with the specifications given in the headnote of the partic-
ular rate table.

The numbers of live births used in computing infaft mortality and
maternal mortality rates and stillbirth ratios are not included in
this volume. Most of this information can be found in the regular
. annual publications.” However, some of the rates are based on

birth data available only in the unpubhshed tabulations of the
Bureau of the Census, N

7 For 1915-21, inclusive, Birth Statistics; for 1922-1938, inclusive, Birth, Stillblrth, and Infant Mortality
Statistics; and for 19371840, inclusive, Vital Statistics of the United States, Parts I and
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[An “X" in any cell indicates that the information designated in the box head may be found in the table shown in the stub]

AREA YEARS COVERED . SPECIFIC CONTENTS
Tabl iIlZl’aag«; ’ Death-registration States 1900-18402
avie VoL Popula- Each city| . Cause
No. | ume Each | 400 size | E8ER [(or10,000 1040 lnronth| Age | Race |NeHVItY| gop of
Exi[:]and- States | States | States | St8% | ‘groups | ©URY | or'more | Each |Census I%‘;:ﬁy only ¥ of white death
Statos 1 | of 1900 | of 1910 | of 1020 year | years |. SftH
1 122 X — — —_ X - - — X - - - - - — - -
2 12 | X X | X x | - - — — X -l - -=-1t=1-1= - - | =
3 127 X -1 = - x - - - b4 - | - - - X — X -
e | w| x - -] -1z - — — -l x| - =1]-15]zx - - | =
5 | 161 X - |- -1 = - - - - X | - | == X | — - x | —
8 160 X - | = - — - — - X - - - | - X X - X -
7 | aB | — X | - | -1 - - — X | - | =-1=1-1x]x= - x | —
8 | w1 | — - | x "= 1 = - — X - |- =1 -] 1 x - x | —
9 186 X X b:¢ — —_ — — - — X = - — X X X X —
10 190 X - -— —_ X — —_ — - e e X X —_ X —_— X" —
11 .198 X — —_ —_ X X —_ _— - - - X —_ X X —_— —_ —
12 210 X - — —_ —_ — —_— - X t— — —_ — _ — — — X3
13 243 X — — — — — — X+ | — - - x — — — — X
u | a8 | X - = - = - - b - - - x| = - - | =x
16 % | X - =] = = — - - X = - = == — x X1
16 214 X - — — — - — —_ X - - - — — X — — X7
w | e | — X | - | =] =1 — — = x | - -1 -=-1=1-71z= - - | x1
18 306 - —_ X — — —- — - X - = - | - — x - — X7
19 322 — — - | x - —_ - — b:4 - - - - x - — X1
20 330 X - - - X - — — - — X — — - p:4 - — b4
21 02| X — 1 - [ = X — — — — — | = X [ — | — | — — — | xs
p ot - Rl B et At (e Bl I Bl A o - I Al et I It -
2 534 x - - - x| - — - - | = X - X X - X X 10
% 554 X — — — X — - — — -~ | = X X — — — — X1
53 00| x - — | — - X - X - — - = x| - | - x — - | -
54 798 | | — - | - — — — — X — - | - x | - | — X — - | =

Footnotes on pp. 112 and 113. . ) !
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Tasurar InpEX ro GENERAL MoRTaLITY—Continued N

idl Beg;lnning with 1933, the expanding registration States and the United States are
enti
19; OE_‘g&gtates of 1910, years covered are 1910-1940; for States of 1920, years covered are
3 Each cause in the International List,
41033-1940,
§ Includes:
All causes,
Typhoid and paratyphoid fever (1, 2).
Cerebrospinal (meningococeus) menlngitis ®.
Scarlet fever (8),
W hooping cough (9).
Diphtheria (10).
Tuberculosis of the respiratory system (13).
‘Tuberculosis (other forms) (14-22),
Dysentery (27).
Malaria (28).
Measles (35),
Diabetes mellitus (61),
Diseases of the heart (all forms) (90-95),
Pneumonia (all forms) and influenza (107-109, 33).
Pneurnonia (all forms) (107-109).
Influenza (33).
Diarrhea, enteritis, u]ceration of intestines (119, 120).
Nephritis (all forms) (130-132
Puer?eral causes (total) (140-150)
Puerperal septicemia (140, 142a, 147).
Other puetperal causes (141 142b 143-146, 148~150).
Suicide (163, 164).
Motor-vehlcle accidents (170).
All other causes.
8 Includes:
Tuberculosis (all forms) (13-22).
Syphilis (all forms) (30).
Cancer and other mah"nant tumors (45-55).,
. Diabetes mellitus (61).
Intracranial lesions of vascula.r origin (83).
Diseases of the heart (80~
Preumonia (all forms) and influenza (107-109, 33).
Diarrhea, enterltxs, and ulceration of the intestines (119, 120),
Appendicitis (12
Nephrltls (all fozms) (130-132).
TIncludes:
All causes.
Typhoid and paratyphold fover (1, 2,
Cerebrospinal (meningoeaccus) meningitls (3).
Searlat faver (8),
YWheoping eoush (3).
Diphtheria (100,
Tuberenlosis (all forms) (1'&“’)
Tuobereulosis of tha resplratory system (1.

¢ Includes:

All canses.,

Typhoid and paratyphoid fever (1, 2),

Cerebrospinal (menmwococcus) menmgxtls {6).

Scarlet faver (8)

Whonping cough 9.

Diphtheria (10),
Tuberculosis (all forms) (13-22),

Tubereulosis of respiratory system (13),

Tuberculosis (other forms) (14-22),

Dysentery (27).

Malaria (28},

Syphilis (30).

Measles (35).

Acute poliomyelitis and acute policencephalitis (36),
Cancer and other malignant tumors (45-55).

Cancer of {he digestive organs and perltoneum (46)

Cancer of female genital rgans (48, 4

Cancer of the breast (50).

Cancer (other sites) (45, 47, 51-55).

Acute theumatie fever (53).

Diabetes mellitus (61).

Exophthalmic goiter (63b).

Pellasra (except aleoholic) (69).

Alcoholisin (ethylism) (77).

Intracranial lesions of vaseular origin (83).

Other diseases of the nervous system, ete. (80-82, 84-88).

Diseases of the ear, nose, and throat (89, 104, 115).
Diseases of the hear} (all forms) (90-95).

Chronie rheumatic diseases of heart (903, 92b, ¢, 93¢, 95b),

Diseases of coronary arteries and angina pectorls (94).

Disaases of the heart (other forms) (Y0b, 91, 923, d, e, 933, b, d, e, 958, ¢).
Pneumonia (all forms) and influenza (107—109, 33).

Pneumonia (all forms) (107-109),

Influenza (33).

Uleer of stomach or duodenum (117).

Diarrhea, enteritis, uleeration of intestines (119, 120).

Appendicitis (121),

Hernia and intestinal ob~truetion (122).

Cirrhosis of th, liver (124)

Biltary calenli, ete. (126, 127).

Nephritis (130~132).

Diseases of the prostate (137).
Dizeases of preznaney, childbirth, prerperium (140-150).

Fuerperal septicemia (14U, 1423, 14. )‘

weeperal tuxemias (1413, ¢, 144, 1

Other puerperal canses (141b, d, e, f 14..b 143, 145, 143, 143, 150,

Conzenital matformations (L57),

FPremature birth (129).

Suiui la (LR, 154).

Humicida (165-163),

(41
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~Footnote 8-Continued,

%uberctxe;]ost(s 27g)otﬁer forms) (14-22).
MySQD Iy .

Syphilis (all forms) (30). .
Locomotor ataxia (tabes dorsalis) (30a).
General paralysis of the insane (30b).

eurysm of the aorta (30d). .
Syphilis Sother forms) (30c, e-g).
Measles (35).
Cancer and other malignant fumors (45-55).

Cancer of digestive organs and peritoneum (46).

Cancer of female genital organs (48, 49).

Cancer of the breast (50).

Cancer (other sites) gis, 47, 51-55).

Diabetes mellitus (61).

Exophthalmic goiter (63b).

Pellagra (except alcoholic) (69).

Aleoholism (ethylism) (77). )

Intracranial lesions of vascular origin (83).

Diseases of the heart (90-95).

Bronghitis (106),

Pneumonia (all forms) and influenza (107-109, 33).

Bronchopneumonia (107).

Lobar pneumonia (108),

Pneumonia (unspecified) (109).

Influenza (33).

Uleer of stomach or duodenum (117).

Diarrhes, enteritis, and ulceration of the intestines (119, 120).

Appendieitis (121).

Hernia and intestinal obstruction (122).

Cirrhosis of the liver (124),

Biliary caleuli (126),

Nephritis (all forms) (130-132). .

Acute nephritis (130). . ¢

Chronic and unspecified nephritis (131, 132).

Diseases of the prostate (137),

Puerperal causes (total) (140-150).

Puerperal septicomia (140, 142a, 147),

Puerperal toxemias (1418, ¢, 144, 148), .

Other puerpersal causes (141b, d, e, f, 142b, 143, 145, 146, 149, 150),

Congenital malformations and diseases peculiar to first year of life (167-161).

Congenital malformations (157):

Premature birth (159).

Other diseases of early infaney (158, 160, 161). \

Senility (162).

Suicide (163, 164).

Homieide (165-168),

Motor-vehicle accidents (170). .

[
Other accidents (169, 171-195).
Ni-defined causes of death (199, 200).
All other causes. .t
Motor-vehicle accidents (170).
Other accidents (169, 171~-195).
All other causes.

 Includes:

All causes.

Tuberculosis (all forms) (13-22).

Cancer and other malignant tumors (45~55).
Diabetes mellitus (61). .

Intracranial lesions of vascular origin (33).
Diseases of the heart 89 5).

Pneumonia (all forms) and influenza (107-109, 33).
Nephritis (all forms) (130-132).

Accidental deaths (169-195).

19 Ineludes:

All causes.

Tuberculosis (all forms) (13-22).

Syohilis (all forms) (30).

Cancer and other malignant tumors (total) (45-55).

Diabetes mellitus (61). .

Intracranial lesions of vascular origin (83).

Chrouie rheumatic diseases of the heart (90a, 92b, ¢, 93¢, 95b). _
Diseases of the coronary arteries and angina pectoris (94). -
Diseases of the heart (other forms) (90b, 91, 92a, d, ¢, 93a, b, d, e, 958, ¢).
Pneumonia (all forms) and influenza (107-109, 33).

Uleer of stomach or duodenum (117).

Appendieitis (121). . .

Hernia and intestinal obstruction (122). .
Cirrhosis of the liver (124).

Biliary caleuli and other diseases of the gallbladde;' and biliary ducts (126, 127).

Nephritis (all forms) (130-132). N
Suicide (total) §163. 164). .
Homicide (total) (165-168).

i Includes: , ’

All causes. .

Tuberculosis of respiratory system (13).

Cancer and other malignant tumors (total) (45-55).
Diabetes mellitus (61). .
Intracranial lesions of vascular origin 883).

Diseases of the heart (all forms) (90-95).

Prneumonia (all forms) and influenza (107-109, 33).

* Diarrhea, enteritis, ulceration of intestines (119, 120).

Nephritis (all forms) (130-132).
Suicide (total) 3163, 164).
Homicide (total) (165-168).
Motor-vehicle aceidents (170).
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114 VITAL STATISTICS RATES

TABULAR INDEX TO InrFANT MoORTALITY

An “X* in any cell indicates that the information designated in the box head may.be found in the tabls
shown in the stub]

AREA o SPECIFIC CONTENTS
Page | Birth-registra- b
Table] in tion States Each 1015
Bl Boch| Tation | Each | ‘o |0 | 1000 Causo
ume aCl atlon- ac! )
Ex- | gtates |State| size |county| 10,000 égf:% only | Month; Age | Race d c%tth
rand- of groups or year
ng 1915 more
States 1 .

26 | 572 X X — —_ — X | — — — = —
27 | 574 p:d — — — —_ X | — — X X1 —
8 |58 | X X | x - —_ X |- - =}lx] -
29 606 X — X — _ —_ — X x — — -
3 {ev| X — =1 — — — I xsl - x = - =
31 607 X —_ — — — —_ — p:4 X X —_ —
32 | 608 pe — — —_ —_ — X4 — — - [ X b
3 |62 X - x| - — — =Xl = | =] =] x¢
34 | 616 X — | - - - - -1 x b:4 - - X"
35 | 618 X - - — — — X8| — — X | - X
83 |e| X - | X — x - | —-1x - — | x -

64 | 796 | — - | -1 - - X |—-|x}| ==X -

1 Beginning with 1933, the expauding registration States and the United States are identical,
2 States of 1915 not available by race.
3 1918-1840.
4 1916-1940.
§ Includes:
All causes, .
Cerebrospinal (meningocoectis) meningitis (6).
_Scarlet fever (8).
‘Whooping cough (9).
Diphtheria (10).
Erysipelas (11).
Tetanus (12). .
Tuberculosis of respiratory system (13).
Tubereulosis of meninges and central nervous system (14).
Tuberculosis (other forms) (15-22).
Dysentery (27). R
Syphilis (30c, e-g). .
Measles (35).
Conyulsions (86).
Prneumonia (all forms) and influenza (107-109, 33).
Pneurconia (all forms) (107-109).
Influenza (33).
Diseases of the stomach (117, 118),
Diarrhea, enteritis, ulceration of infestines (119).
Congenital malformations (157).
Congenital debility (158).
Premature birth (159).
Injury at birth (160).
All other causes.
¢ Includes:
All causes. v
‘Whooping cough (9).
Tuberculosis (all forms) (13-22),
‘Tuberculosis of respiratory syster (13).
Tuberculosis (other forms) (14-22).
Dysentery (27).
Syphilis (30).
Diseases of thymaus glaud (64).
Meningitis (not due to meningococcus) (81).
Convulsions (86).
Diseases of ear and mastoid process (89).
Pneumonia (all forms) and influenza (107-109, 33).
Preumonia (all forms) (107-109).
Influenza (33).
Other diseases of respiratory system (104-106, 110-114).
Diarrhea, enteritis, ulceration of intestines (119).
Hernia and intestinal obstruction (122).




TABULAR INDEXES - 115

Footnote 6—Continued, T
Congenital malformations (167). B .
Oongenmal debility (158). - - .
Premature birth (159). .
Injury at birth (160).
Other diseases peculiar to firat irear of life (161).
Acoidental mechanical sufiocat; f
Other viclent or accidental deaths 166—181, 183-~195).
Ill-defined and unknown causes (199, 200).
All other causes,
7 Includes:
All eauses,
QCerebrospinal (meningococcus) menlngitis (6).
Scearlet faver
‘Whooping cou
Dipht eria (infeotion by O, diphtheriae) (10).
Erysipelas
Tetanus (12 . . -
Tuberculosis (all forms) (18-22),
Tuberculosis of respiratory system (13). '
Tubereulosis of meninges and oentral nervous system (14).
‘Tuberculosis (other forms) (1.
Septicemia and purulent i ectmn (249).
Dysentery (27).
Malaria (28).
Syphilis (30).
Mensles (35).
Other infectious and parasitic diseases (1-5, 7, 23, 25, 26, 29, 31, 32, 34, 36-44).
Diseases of thymus gland (64).
Rickets (70).
Hewmorrhagic conditions (72) .
Anemiss (except splenic anemia) (78).
Encephalitis (nonepxdemlc) (80).
Meningitis (not due to meningococetts) (81)
Intracranial lesions of vascular origin (83)
Convulsions (86).
Diseases of ear and mastoid process (89).
Other diseases of nervous system (82 84 85, 87, 88).
Diseases of circulatory system (90-
Pnemonia (ail forms) and mﬂuenza (107-109, 33)
Pneuntonia (all forms) (107-109).
Influenza (33).
Other diseases of respiratory system (104-106, 110-114).
Diseases of buceal cavity, pharynx, tonsils, adnexa (116).
Diseases of stomach (117, 118).
Diarrhes, enteritis, ulceratxon of intestines (119).
Hernia and intestinal obstruction (122).
Peritonitis (cause not stated) (129).
Other diseases of digestive system (116, 121, 123-128). .
Diseases of genito- urmary system (130, 131 133—139) ’
Diseases of skin and cellular tissue (151163 -
Congenital malformations (157).
Congenital debility (158).
Premature birth (159).
Injury at birth (160).
Other diseases peculiar to first year of life (161). s -
Accidental mechanieal suffocation (182).
Other violent or accidental deaths (166-181, 183-195).
Tli-defined and unknown causes (199, 200).
All other causes.
1930 and 1940 only.
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VITAL STATISTICS RATES

TABULAR INDEX T0 MATERNAL MORTALITY
{An “X” in any cell indicates that the inrormation designated in the box head may be found {ntho tabla

shown in the stub]

AREA YEARS COVERED SPECIFIC CONTENTI
Tabl Page in 5
Ng.e vo]gl:ine }ggtpgg;xg Each | Fopula- | 19150 Cause of
. tration State tion-size 1040, each,{ 1940 only| Age- Raco death
States ! groups year
36 620 x b-¢ - X - —_ — —
37 622 X X X X — —_ X —
38 €50 X —_ — X2 - X X —~
' 39 651 X — — - X X X X
40 652 X X - - * X - — X4

1 Beginmgg with 1933, the expanding registration States and the United States are identical,

$1918-1

2 Includes:
Abortion with mention of infection (140).
Abortion without mention of infection (spontaneous, therapeutie, or unspecified), with mentlon

of toxemia with or without hemorrhage, trauma or shock (141 a, cS

Other abortions without mention of infection (141b, d-f).

Ectopic gestation, with mention of infection (1423).

Ectopie gestation, without mention of infection (142b). .

Hemorrhage of pregnancy (death before delxvery) (143),

Toxemias of pregnancy (death before delivery) (1

44).
Other diseases and accidents of pregnaney (death b)efore dellvery) (145).

Hemorrhage of childbirth and the puerperium (146,
Tnfeetion during childbirth and the puerperium (14
Puerperal toxemias (excluding death before dehvery) (148)
Other accidents and specified conditions of childbirth (149)
‘In (l)tger and unspecified conditions of childbirth and the puerperinm (150).
cludes:
All puerpersa! causes (140-150).
Abortion with mention of infection (140).
Ahortion without mention of infection (141).
Ectopic gestation (142).
Hemorrhage of pregnancy {death before delivery) (143).
Toxemias of pregnancy (death before delivery) (144).
Other diseases and accidents of pregnancy (death before delivery) (145).
Hemorrhage of childhirth and the puerperium (146).
Infection during childbirth and the puerperium (147).
Puerperzl toxemias (148).
Other accidents and specified conditions of childbirth (149).
Unspecified conditions of childbirth and puerperium (150).

TaBULAR INDEX TO STILLBIRTHS
{An “X” in any cell indicates that the information designated in the box head may be found in the table

shown in the stub}

AREA YEARS COVERED SPECIFIC CONTENT3
Table { Pagein ® d-in
No. | volame Xpanding
birth-regis- 1022 to 1940,
1:r:er.tio£g1i Each State | “giof vear | 19400nly Month Raco
Statest
41 654 b:¢ x x - -
42 656 X X X - _ x
43 663 p:4 x -— x < -

§ Beginning with 1933, the cxpanding registration States and the United States are identical,




TABULAR INDEX TO NATALITY

[An “X* in any cell indicates that the information designated in the box head may be found iu tle table shown in the stub]

’ AREA YEARS COVERED SPECIFIC CONTENTS
Table | Pagein Birth-registration States | Each
. = = - 1915 to 1920, 1930, P Birth
N volume Zg.ach gggg?e Bach 13130005 1040, |end 1940 | 1040 only| Month négl?h%{' Race stfag;ﬁg order of
E n?d' Stageg of Sttlxggg of | Btste | “rropps | county 5000 % | each year| ~only child
States ! 19
666 X — X — —_— - X — — —_— — —_ — —_
- S T I S - = A= = A0 = (= I I - = =
& 672 X = = x Z - - = x - - X X - -
8 —_ - = - — — —_ | x - — X X X X
sl 83| z|=z|z|ztz|=|=z)¥|z|=z| X% %2
50 g8t. X = = X = - - Z = X X = = = -
5l 685 X - - X X - - = = X = X X - -
52 608 X —_ —_ X _ e — —_ — X _ X X X —_
53 704 X = = X = X - - = X - = X s =
54 706 = - = = - = X = - X - = X - -

! Beginning with 1933, the expanding registration States and the United Stdtes are identical.

2 For States of 1920, yeats covered are 1!

940,
3 For expanding States and States of 1915, 1918—1940.

-
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TaBuLAr INDEX TO PoPULATION
[Am*“X in any cell'indicates that the information designated in the box head miay be found in the table shown in the stub]

AREA YEARS COVERED SPECIFIC CONTENTS
Poge. Death-registration States | Birth-registration States - Each |, 1900-19401 Sex
Table Inl_ . Popu- city |- Natiy-
No, | va E Bxe United| Each { lation-|{ Bach | of 1040 | 400 [ & ity
ume - | States | States | States . | Btates | States | States | State | size |county| 10,000 Tach |G only | 489 | Rate| 57 Both | T
pﬁfg of | of of' pﬁfg of of groups or yggr S,‘gg‘;s white | 0% | male
States | 1900 1910 1920, States | 1915 1920 more only
| — | - | =] —-|-=-l=-jJ=-jJx]x|-]=-]-=-!x!l=1=|={x]~-1x1!=
e | - | - |- =-| - =-|=-|2x|x|=-]=-|-|>|x|-{x|X| =] %X |{=
IIT | 034 — —_ — — — —_— - X | - X — —_ — — X X X — X -
IV 036 — — —_ - - —_ _— X X X —_ —_— — - X X X — —_ —
viw| — | — | — | — | — -l x| =] -1 =1] = 1(—-]x{x| - | - |x
il |.— | — | - | = | - | - | =X |x|x| ==} |Z|x|x{x| |2 |x
VII | 988 -— —_ — —_ - —_ X X — — - — X X X X —_— X
vim| e | X | x | x| x| |~ =]~ |=] == 2|x%x 212l 2 x| =
IX | 1002 X X X -— - — —_ - _ — — — — X —_ X X X X —
X | 1008 X —_— — - — T — — —_ —_ — — x — — I x| x — X —
XI | 1017 - X - _ - — - — —_ — — — X — X | x —_ X —_
XIT | 1026 - —_ X - - — — — — - X — — | x| x — X —_
xmfmwe [ — | — | - | = | x| x|.x| |||~ = x| =i=1=I|x|~1x1Z=
X1iv-A| 1038 — —_ — —_— X — —_ —_ — - — —_ — X} — | X X X — X
XIV-B| 1038 - — — — 1 X - — - — —_ —_ - — X2| - | X | X b —_ x
XV | 1040 -— — -— - X -— - - — _ — — X3 —_ — X X —_ - X
XVL 1642 - — - —_ — X - — — — -— - X3 | — — 1 X | X - - X
xvajs | — | - | = -~ — x|~ o o] -] o X~ =X 2] 2%
Blw| - | - | -~ -~ -] -f{x|x|-}x] =2 -|x]=lx} 2] _-1Z
) %0 — - - - — — - — — —_ — b — — X|—-| x -_— — -

1 Fer dearth-registration States cf 1910, years covered are 1910-1340; for birth-registration
Fears covered ave 1915-1340; for States of 1920, years covered

States, and States cf 1315,

e 1520-1340,

21920, 1930, and 1940,
3 1918-1840,

e eeEErEEEEEEE———
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TABULAR INDEXES 119

#
CROSS-REFERENCE OF POPULATION AND RATE TABLES

A dot (e) in any cell indicates the population table that may be used as a base for computing the approxi~
mate number of births or deaths from the corresponding rate table shown in the stub]

Pago . )
vi";]_ I} 824 | 872 (034 | 036 | 952 } 968 | 988 | 998 | 1002 [1008| 1017 | 1026 | 1036 | 1038 | 1039 | 1040 | 1042 | 1044

ume
—

Ta- i

Blo| T |Ir|IX\IV| V| VI VIL|VI) IX | X | XT | X1 XXV xv [xvilxvix

[

1221 1
125 2 . ® [ cunn
127 3
150 [ 35 [RUUREIE I T ORI PRSI FUIORN RDEPIUY SRV S FUioune B T PSR [,
161 6 leeec} ® PR JU [0 (SR R (RSP IS I
169 ] [}
175 i 4 PR JRORPUS [ N RN PRSI SN I M
181 7 FRUONY UG PV (ESRPS FUI) VN NS ES SO, [ JJ FRPSOIN PSS PSS SONIPURS ORI MR -
186 [T RO - S P [ JJ SRR USSR (SN S S
10| 10| @ jo | @ JEV,
1081 11 |eoeofeaac| @ | @ fumoinn PRSP PSR,
210 12 (R
243) 18] @ ] O |omuee ] [ JS RN SR SR -
248 | 14 [o-o|e--- - L JO RS S (U, ——
258 | 16 —— [ I e [ N [
214 | 16 [-o-o].ann|s cenea] @ o] @ e e
200 17
306 | 18 J—
3221 19 f..--
330\ 20| @ {-——-
d2| 21l o | @ | @ | @ ||
4321 22! e |0 |0 | @
434 | 23 |....|] @ | @ |-...
534 | 24 ® |-
5641 26| e | @0 | @ | jooo]|-a ] @ o [o [eni]eaet LI P
668 | 44| @ |-ooo|omumfocnfomoc o] | e ea ee [ UGN SV BOSR IR S
608 | 46| ... [ 3 -
660 | 46 |.o--]e--- - [ [ [
672 | 47 |ooaifeu-- [ J00 PR, F— -1 ®
BBL | 48 | aileeccfamme]omeedeccatananfanaan .
683 [ 49 [aoer]occ]omenfoaen — .
84| 50| o lo @ | @ |oonofunalinn o o | @ | orfau_ "I (R R
0685 ] Bl Ja-_|---- [ 5% PRGOS DR (RPN SEPRPIOR IO (SOOI SO FSOSpI RO
608 | 62 |- ® |eeaee JRGTONGESEY DOVRN DUV RGOS JRIOUON MG S -

ggé g }Population glven in tables.

| A O S A U T I I D T A N I D
NorE.—Tables 2643, inclusive, based on live births,
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VITAL STATISTICS RATES

Tasre 1.—CrupE DeaTH RaTeEs: DEATH-REGISTRATION STATES AND EAcH
Stars, 1900-1940

{Exclusive of stillbirths. By place of occurrence. Rates are the number of deaths per 1,000 population estis
‘mated as of July 1 for 1000~1939, and enumerated as of Apr. 1 for 1940]

AREA 1900

1901 | 1902

1903

1904

1905 | 1906

1907

1908

1909

1910

1911

1912 | 1913

Registration States...

17.2

16.4} 15.5

15. 6]

16.4

14.7

14. 2]

14.7

Alabama.

Arizona...

Arkansas

California SR

Colorado.

Connectictb. e ocevennaaean
Delaware

18.0

16.0] 15.1

15,9

District of Colombia. ... 22.3

Florida.

"21.3} 10,9

20.1

Georgia.

Idaho
inois

Indiang. - cceccrecacmacaae 14.2

13.8) 12.8

12.3

18.7

Kentueky

Louisiana,

Maine. 17.1

Maryland

15. 8]

Massachusetts .cocreaeaan 8.4

Michigal o oomeeemmne-
Minnesota..
Mississippi..

16.7
13.2

13.6)

Missouri....

Montans.

Nebraska.

Nevads...

New Hampshire ... ._.._. 18.5]'1
I\few JOrSEY cmumvmccmmmmoane 17.7]

New Mexico.

Oregon

Pennsylvania
Rhode Island. o —ceeree
South Carolina.

South Dakota

‘Tennesses.

Texss...

Ttah

Vermont.

- Virginia

16.5

16.5{ 14.9

16.1

15.8

‘Washington

‘West Virginia.

Wisconsin

‘Wyoming.

9.3

13.0
10,4
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GENERAL MORTALITY—CRUDE RATES—TREND " 123

TasLe 1.—CrupE DBaTE RATES: DEBEATH-REGISTRATION S’L‘A’J.‘ES AND EacH
StaTe, 1900-1940—Continued

[Exclusive of stillbirths., By place of occurrence, Rates are the number of deaths per 1,000 popu]ation
estimated as of July 1 for 1900-1939, and enumerated as of Apr. 1 for 1940}

‘ AREA 1914 ] 1915 | 1916 | 1917 | 1918 | 1919 1,190 | 1921 | 1922 | 1923 | 1924 | 1925 | 1926 | 1927
Registration States..| 13.3] 13.2] 13.8| 14.0} 18.1| 12.9] 13.0| 1.5} 11.7] 12.1| 1.6 12.7[ 12.1| 11.3
Alabama ER RO RSN NN SN 11.5) 11.6} 10.4
N 37700 o1 VEUURRURORUIVS| SROUUIPIRY SN JNURUUUR) (RUUIUNY JRSRORS ARRRUOR URURENTR FGIONon AEIS O 13.8] 14.2
Arkansas SUURORRORY JRVRpRVR JRVRPRGIoR: JRGUVURRY PROVIOUPRN USRS FNUOU U NUIEUS RO SOV R [P S 10.0
California 12.8] 13.0] 13.0| 13.3( 17.7( 13.8| 13.3{ 12.5| 13.0] 12.8| 12.5|12.0|"12.0| 12.0
Co]orado __________________ 12.0| 12.2{ 11.1] 11.8] 19.5| 12.8} 14.6| 12.4] 13.7] 12.5] 12.4] 12.3} 12.1} 12.7
n m--m 14.8| 14.5| 15.6| 15.7 20.6| 13.4| 13.6{ 11.4| 12.2f 12.2| 11.5| 11.7| 12.0] 10.8
15.6] 14.9].13.7) 14.1] 15.0 13.8] 14.1] 15.3| 13.1
District oi Columbia.__... 16.9] 18.0( 18.1) 17.4| 22.9 14.3] 14.7[ 13.6] 14.0| 15.7| 14.4] 15.2{ 15.8| 14.7
TFlorida 13.2] 13.2] 11.8| 12.0] 12.9| 13.7] 13.3| 14.7] 12.8
Georgia, 10.4] 15.4f 30.9) .t | ..
Tdaho 8.5 7.6] 87 7.8 8.8 8.
Tllinois. . 16.4| 12,1} 12.4]°10.7{ 10.9] 11.6| 10.7] 11.2| 11.5] 11.
Indiana_coeeeeoeeeeeeeee 12.6} 12.8] 13.2] 13.7| 16.1| 12.8] 13:4[ 11.8] 12.0| 12.8] 12.0{ 12.4] 12.7| 11.
Tows 10.5| 9.8! 10.0| 10.5| 10.
Kansas 10.5| 10.8| 116 11.9| 15.4[ 10.9] 11.5| 10.2| 10.5| 10.9] 9.9| 10.2| 10.4} 10.
Kentueky - ___..__ ro.-c| 12.7] 12.1f 12. 5[ 18.6] 16.8| 12.7 13.8) 10.5| 1J.8| 11.8] 10.6{ 11.3] 11.8| 10.
Louisinnn 18.5] 13.1| 11.9 10.9] 111} 12.8] 12.6] 12.7| 12.1] 11.
2iNG..._ O 15.5) 15,5/ 15.7) 15.0(19.2] 14.7] 15.4| 14.0 14.7] 14.9} 13.7| 13.6| 14.3| 13,
Mnryland.-. -1 15.3] 15.2| 15.9] 16.5| 22.9| 15.2( 14.6| 13.4] 13.4| 14.5| 13.6| 13.9{ 14.4| 13,
Massachusetts. ..aceeer .- 14.5| 14.8] 15.1) 15.2| 21.3} 13.8] 13.8] 12.1) 12.7| 12.9} 12,0 125 12.6] 11.
Michigan. .o oooooemeeans 12.5) 12.4] 13.7] 13.7} 15.5] 12.7] 13.8] 11.4] 11,1} 12.1] 11. 2] 11.4| 12.2| 11
Minnesota..oooooooooo..| 10.5] 10.0] 10.5{ 10.3{ 13.7[ 10.6) 10.7| 9.4 9.6 10.2] 9.7 10.0] 0.1 9
Mississippi 12.7} 12.2] 10.9] 10.6] 110 11.2] 11.6] 12.3 11
Missouri- o oooooomoeeeoo--| 11,9} 12,7 12.5] 13.2| 16.1] 11.9] 12.5 10.8] 11.2| 122} 11.5] 11.7] 12.0! 11
. 11,9 13.1f 18.0 10.8) 9.7| 8.6| 9.4 9.1 9.2/ 9.7 10.2] 10.
t 10.0] 9.2/ 9.5/ 9.6! 9.3] 9.3 0.3 o

"16.1] 16.7| 21.9) 14.7| 15.2} 13.6| 14.5] 14.9| 13.9| 14.3|14. 5| 13.

15.1] 14.7[ 20.7| 13.0{ 12.9| 11. 5 11.9] 12.0 11.4} 11.5| 11.9} 10.

.2| 15.1] 15.4] 15.4] 195} 14.0 14.1] 12.5| 13.1| 13.1| 12.8| 12.7| 13.4} 12,

North Carolina.. : 12.5| 13.4] 17.0] 12.2| 12.6{ 11.1) 11.4] 11.6| 1.7 10.2| 11.7] 10
North Dsakota. 7.6 7.8 82 7.
(o) 110 T 12.7| 12.6} 13.8) 14.0 16.9| 12.8 12.8 11.3| 11.2(.12.1f 1L.1] 11.4] 12.1| 11,

Oklahoma,
Oregon : 12:8 11.5] 11.7] 10.4| 11.5{ 10.8| 11.1| 10.9| 10.9| 11
Pennsylvania____._. L 13.9] 13.8] 14.7| 15.0f 22.2 13.4] 13.8] 12.4]-12.3] 13.2] 12.1} 1.2 12.6| 11.
RhodeIsland ______________ 14.8{ 15.0] 15.9] 15.8( 20.6} 14.1) 14.2) 12.3| 12.7| 13.1| 12.5| 12.1} 12. 9| 11.
Bouth Carolina. 13.6] 14.2} 18.5| 13.7] 14. 1] 12.0f 12.3] 12.2| 13.4{ 12.8] 13.6] 12.5
21117 QD 1iY: <0 ) ORIV SO NSRRI FFSOION ORI NPV SREION SRR ROREVION NSO SN S M M
%ennessee 13.2] 1@3| 12.4/,12.2] 10. e}' 10. sl 'u.el 11.2 11.oI 12 3I 1.1
€xag..

Utah 0.9 9.7| 10.3( 10.4| 14.2{ 11.0] 11. 5| 10.5| 10.5] 9.5/ 10.5) 9.2(10.4/ 0.5
Vermont. ... immm 15.0| 14.8] 15.8| 14.8] 19.5| 14.5] 15.7] 14.1} 14.6| 15.1] 13.7| 14.5| 14.6] 13.7
Virginia. 41 13.4| 13.9] 13.7 18.6! 13.5| 13.0| 1.9 11.9] 12.7| 12,0} 12.1{ 12.7] 11.8
Washington.._.. 3| 9.6] 9.4] 9.5 13.2 10.8[ 11.0] 9.4] 10.1] 9.7| 9.9} 10.2| 10.3] 10.4
West Virginia 10.8| 11.2} 10.2
Wisconsin. ... .| 10.9 10.5| 1. sl 11, 3| 13, 5[ 10. 8] 11.1[-10.1f 9.9} 10.4| 10.0| 10.3} 10.4| 10.1
Wyoming. . =] ' .9.31 10.3| 9.6] 8.8{ 8.8 9.0

\

.
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[

Tasre 1.—CrupE Dearn Rares: DBATH-REGISTRATION SraTES AND EacH
Starr, 1900-1940 —Continued

{Exclusive of stillbirths By place of occurrence. Rates are the number of deaths per 1,000 population esti«
mated as of July 1 for 1900-1939, and enumerated as of Apr, 1 for 1840}

AREA 1928 | 192 | 1930 | 1931 | 1932 | 1033 | 1034 | 1935 | 1038 | 1937 | 1935 | 1038 | 1840

Registration
egtates ...... 1201119} 11,3 11.1]10.9 ] 20.7} 11.1 ] 10.9 | 11.6 | 11.3 | 10.6 | 10.6 | 10.8

1.5} 10.6 | 10.3 [ 10.0 { 10.7 | 10.3 | 1L.1 | 11.0 | 10.5 | 10.0 { 10.4
153 13.7 12,0 [ 12.2 [ 12.2 1 13.0 | 13.8 | 14.4 | 12.4 | 1.0 { 11.6
10.2] 9.6 88} 9.0} 89| 861 9.7} 9.6 88| &&6| 87
1.6 | 11.6 [ 115 | 1L.4 | 1.2 | 11,7 [ 12,0 | 123 | 11,5 | 11.4 | 116

12.7{ 1.9 ] 12.0] 11.4 (119} 124 | 128 | 128 | 11,5 | L3 | 1L.1
10.7 | 10.7 | 10.4 | 10.7 | 10.7 | 10.7 | 10.8 | 10.8 | 10 & 10.5 | 10.5
13.6 | 13.6 | 13.0 | 13,4 | 13.4 | 12.8 | 13.1 | 13.0 | 1Z.4 | 12,1 | 12.2

1511153 | 15.5 | 14.9 | 14.6 | 14.0 | 14.5 | 14.2 | 12.5 | 12.6 | 13.0

1241211120 112,11 12.8 | 12.4 1 12.7 [ 12.3 | 11.0 | 11.6 | 12.1
12.1}11.2 1 10.8 { 10.4 | 11.8 | 11.4 {'12.4 | 11.2 | 10.8 ] 10.2 | 10.4

9.4] 89| 88| 89} 9.5 9.7110.4| 9.6 9.0} 92| 9.3
10.9 | 11.2 | 10.8 | 10.7 | 11.3 [ 11.0 | 1.9 | 11.2 | 10.8 | 1L.0 | 1L.2

12.1}11.9 | 11.8 | 1.4 | 12,2 | 11,8 | 12.6 | 12.1 | 11.3 | 11.6 | 11.8
10.6 | 10.4 1 10.4 | 10,3 } 10.7 | 10.5] 11.4 § 10.7 } 10.3 | 10.5 | 10.4
10.4| 9.9}10.4}10.5)10.7 [ 10.9 | 11.6 | 10.3 | 10.1 | 10.1 | 10.3
1:.3| 11.0 | 11.0 | 10.7 | 11.3 | 10.9 | 11.9 | 11.3 | 10.6 | 10.5 | 10.4

11.7)11.0110.7 | 10.5{ 10.4 | 10.5 | 11.4 | 10.0 | 10.7 | 10.5 | 10.8
13.9|13.113.3]13.7({13.4[13.4|13.7 | 13.8 [ 12.6 | 12.8 | 12.5
13.2{13.1)125]122 (1283 (123|126 | 12.6 | 11.8 | 11.6 | 121
11.6 | 1.5 | 11.6 | 1.9 | 11,7 | 11.5 | 1.8 | 11.8 | 1L, 2} 11.6 | 1L.9

=

DM@ Mol Mol

WO WOWD OWNW® OWANE OO WO Ok Cu
=
(=4
-
—_
(=)
'S
T

pt
oe
-
=

Mississippi..
Missouri. coameecann 12.6

by

bl kbt et bbb ek bk e ek bk b

ot
(3=
oo

oyt

RRoo

—

oy

?

-]

d et

g
B
g
®
¥
[
{
H
4
[l
[
1
1]
1
1]
/
[
E=4
-
Tt

¥

©
-3
Phoo

h

B
W PN OQN
©
©

New Hampshire.-.-| 13.8

[
“«
@
I i
e

New Jerse¥.oacoea 11.3
New Mexico.-
New York . 1
North Carolina.....- 1.7

North Dakots_-...-| 8.3
[61)(c J— 12.

©

o
£S5 SRop HBeS
O =1k BN
& pRod ©E5E

[

©

—

[=

[ -]

©

<o

-

<

w

©

132|182 12,7

e el e T g
0 MM BROe Dher
=
=
-
-
-
S8y
~
ok bd b
(=
'S
Y et
o

[
MmO MY O RO ©N
=
3
W

=
©h

-
OOHN LW

el et atad

PP
CPOE o=

[ g ad
DIV RW OO0 ©O-I-J00  AMON 0

-
et
Qs QN
—
-

Oregon....-- PR

Pennsylvanis.___...| 12.
Rhode Island. ... 12.
South Carolina.. .
South Dakota.cowae-fovouiatoan- a-

.

b el
[l
o DoH
fors
nHh =
bk od ok
| ol ey
ek et b

ot
[N

PEOHM WOOO O

§

ot bt b

[edasdan]
WHON DOW=I

Qo

-
= .

NBI;M Ot eo~IcT QB
it

9.1

1.7 | 10.8
10.7 | 10.5

7 .4

91140

3|17
.91 1L5

7

9

1

[ o
Rerd ‘w

OMOO QR RO
[

10.6

-
2EdS woksS

ek bk
—_

b

[y

ol and il
©OSOF we
-

LeeN el o
[ ed
1
&
-

—
-

Y ek
[y
oD

b

-
(=]
(-2
el i

10.3
19.4
10.1

ok bt ek ok

o
[y
oy

ORI iyl 00 oG-It RWWD

"
S
o
QOOoH N
ot 1k
ROCID NREP
QMWRON SIS
-
g
=3

oo
¥

¥




GENERAL MORTALITY—MONTHLY RATES—TREND
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Tasre 2.—CrupE DEArH RaTEs BY MonTEm: DE.&TH—REGISTRATI,QN Srarss,
; Starss oF 1910 For 1910-1940;

1900-1940; StaTrs oF 1900 ror 1900~1940

AND StaTEs oF 1920 ror 1920-1940
[Exclusive of stillbirths. By place of occurrence. Rates aré the number of deaths per 1,000 population

estimated as of July 1 for 1900-1939,

basls]

and enumerated as of Apr. 1 for 1940. Rates computed on an annual

AREA AND YEAR
+

An-
nual

Jan.

Feb.

Mar.

Apr.

May

Juné

July

Aug.

Sept.

Ocit.,

Nov.

‘Deo.

Registration States:
1040, |
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126 VITAL STATISTICS RATES

Tasre 2.—CrubpE DEaTE RaTEs BY MONTH: DEATH-REGISTRATION STATES,
1900-1940; StaTES oF 1900 For 1900-1940; StaTms or 1910 ror 1910-1940;
AND STATES OF 1920 For 1920-1940— Continued

[Exclusive of stillbirths. By place of oceurrence. Rates are the number of deaths per 1,000 population
Rates computed on an annual

. estimated as of July 1 for 1906-1939, and enumerated as of Apr. 1 for 1940.

basis]

AREA AND YEAR Jan. | Feb. | Mar.

Apr.,

May

June

July

Aug.

Sept.

Oct.

Nov.

Deo.

Registration States
. 0£1900—Co:
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GENERAL MORTALITY—SPECIFIC RATES—TREND 127

Tasre 8.—Speciric DEATe RaTBs BY RacE AND SEX: DEATH-REGISTRATION
StaTES AND EAcH SrtaTE, 1900-1940

[Exclusive of stillbirths. By place of occurrence. Rates are the number of deaths ina speéiﬁed group per
1,000 popu]at%)n of that group. Population was estimated as of July 1 for 1900-1039, and enumerated as of
Apr, 11or 1840. Rates for frequencies less than 20 are shown in #talics] .

ALL RACES WHITE ALL OTHER RACES
ATEA AXD YBAR Both F Both F Both F
) o e~ ot e~ o (-
sexes || M8 | male || sexes || M2 | male | sexes || M%® |.male
Registration States i
10.8 12.0 9.5 10.4 11.6 9.2 13.8 1511, 12,6
10.6 L7 9.5 10.3 1.3 9.2 1356 4.7 12.4
10.6 1.7 9.6 10.3 1.3 9.2 14.0 15.2 12.9
11.3 12.5 10.0 10.8 12.0 9.6 14.9 16.4 13.4
11.6 12.7 10.4 1.1 12.3 9.9 15.4 16.9 13.9
10.9 12.0 9.9 10.6 11.6 9.5 14.3 15.6 13.0
11,1 12,1 10.0 10.6 1L7 9.6 14,8 16.0 13.5
10.7 116 9.7 10.3 1.2 9.3 141 15.1 13.1
10.9 1L71 100 10.5+} 1L3 9.6] 145 15.4 13.6
i1 120 10.1 10.6 1.5 9.6 155 16.5 145
11,3 12.3 10.4 10.8 1.7 9.8 16.3 17.4 193
11.9 12.8 11.0 11.3 12.2 10.4 16.9 18.0 15.8
12,0 12.8 ] - 111 11,4 12.3 10.5 17.1 18.0 16.2
1.3 12,1 10.5 10.8 11.6 10.0 16.4 17.2 15.6
12.1 12.9 11.3 1.6 12.3 10.8 17.8 18.7 16.9°
1L7 12.4% 10.9 111 11,8 10.4 17.4 18.2 16.6
1.6 12.3| 10.9 11.0 L8| 10.3| 17.1 17.9 6.3
12,1 12.7 1.5 1.7 -12.3 1L0 16.5 170 16.0
1.7 12.3 1L 1 1.3 119 10.7 15.2 15.7 14.8
1.6 11.9 1.0 111 11.6 10.6 15.5 15.7 15.4
13.0 13.4 12.6 12.6 13.0 12.1 17.7 17.8 17.5
12.9 13.5 12.3 12.4 13.0 11.8 17.9 18.1 17.8
18,1 19.8 [ 16.4 17.5 19.3 1581 256 26.7 24.4
14,0 15.0 12.9 13.6 14.6 12.4 20.4 214 10.4
13.8 14.8 12.8 13.4 14.4 12.4 19.1 19.9 18.4
13.2 14.0 12.3 12.9 13.7 12.0 20,2 20.8 19.5
13.3 14.2 12.4 13.0 13.9 2.1 20.2 20.9 19.4
13.8 14.8 12.8 13.5 14.5 12.5 20.3 21.0 10.6
13,6 4.5 12.7 13.4 4.