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The literature dealing with the age at onset of
rheumatic disease is confusing to the reader.
There is not only lack of agreement among the
various authors with respect to the age at which
the disease is most likely to appear, but also the
evidence presented in support of the varying con-
clusions is not convincing (1 to 23). The pub-
lished data on this subject are open to criticism
because in most instances they have one or more
of four main defects:

1. The data are restricted to a consideration of
only one of the various manifestations of the dis-
ease. Rheumatic disease manifests itself in a va-
riety of forms, and the age selection is by no
means similar for all syndromes, so that data
which are restricted to a consideration of only one
manifestation do not give a true picture of the age
selection of the disease as a whole.

2. The data are obtained from the analysis of
groups of cases which are, in themselves, age lim-
ited. For this reason the age of greatest suscepti-
bility is found by the pediatric clinic to be in child-
hood, while clinics with an adult clientele report
the maximum incidence to be in adult life.

3. The data are based upon the occurrence of
acute attacks of the disease without reference to
whether the attack represents an onset or a recur-
rence. Rheumatic disease is generally regarded
as a chronic recurrent condition. The age selec-
tion of the disease should, therefore, be deter-
mined on the basis of the age at which the dis-
ease had its onset, and this, with our present diag-
nostic standards, is in most instances approxi-
mated by the age at which it first became clinically
manifest.

4. The analysis deals with the age at onset of
the disease without reference to the universe from
which the cases are drawn. In other words, no
consideration is given to the age distribution of
the population at risk from which the cases arise.

It is not a simple matter to obtain data on rheu-
nmatic disease free from all of the above defects.
At the present time no satisfactory data are avail-
able relative to the occurrence of the disease in
the general population and because this informa-
tion is lacking the age selection of the disease
must be studied in particular groups of indi-
viduals. It is difficult to obtain such a group
with any certainty that it is not biased in some
form. The question of the age selection of the
disease is, however, of sufficient importance to
merit further investigation. The purpose of this
paper is to present and discuss the results of a
study of the age susceptibility to rheumatic dis-
ease based on certain information collected in the
Cardiac Clinic of the Harriet Lane Home.

MATERIAL AND METHODS

The data upon which this report is based were ab-
stracted from the medical histories of 96 consecutive
admissions of white children to the Cardiac Clinic of
the Harriet Lane Home because they were suffering from
some rheumatic manifestation. These histories include
a careful epidemiological study of the immediate families
of these children and the families of their parents, so
that information is available regarding the occurrence of
rheumatic disease in the patients and their siblings, par-
ents, grandparents, uncles and aunts. The children who
were admitted to the clinic suffering from the disease,
and who were responsible for the inclusion of their re-
spective families in the study, are denominated "index
cases" to distinguish them from their relatives who en-
tered the study because of their relationship to these
cases. Each index case, therefore, must, by definition,
have had an attack of rheumatic disease during childhood.
Such is not the case with their relatives who may or may
not have had rheumatic disease.

In this study, as in the four preceding ones (24 to 27),
an attack of rheumatic disease was defined as either
Chorea, Rheumatic Polyarthritis (Rheumatic Fever) or
Rheumatic Carditis, or some combination of two or more
of these three syndromes.

The following information is available on each
of the index cases and their near relatives: (1)
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year of birth, (2) year of onset of first and sub-
sequent attacks of rheumatic disease, (3) year of
death, and (4) date of last observation. From
these data the age at onset, death or termination
of observation can be readily calculated.

There is, therefore, available information with
respect to the age at onset of rheumatic disease
in two generations of these families. The gen-
eration composed of the index cases and their
siblings consists of the offspring in 96 families,
totalling 442 individuals. This generation is not
suitable for study of age selection because the
life-experience of its members is not in any sense
complete. The mothers, in most instances, have
not passed the childbearing age, and at last ob-
servation the mean age of the offspring was only
12 years, with very few of its members having
reached adult life.
The preceding generation consists of the off-

spring in 192 families and its members are the
parents, uncles and aunts of the index cases. The
life-experience of this generation is much more
complete; the parents (grandparents of index
cases) are past their reproductive period and the
mean age of its living members is approximately
40 years. The final picture with respect to rheu-
matic disease in this generation is not yet com-
plete because most of its members are still living
and hence still at risk of developing the disease
if they have not already done so.- The data are,
however, of such a nature that they lend them-
selves readily to a study of the age selection of
this disease.

Composition of the generation composed of the
parents, uncles, and aunts of index cases

at the time of last observation

The generation chosen for study consists of the
children of the grandparents of the index cases,
and there were 984 such offspring recorded in the
histories, but on 13 of these individuals the data
were so incomplete that it was impossible to in-
clude them in the study group which is, there-
fore, restricted to the 971 parents, uncles and
aunts of the index cases about whom the informa-
tion is reasonably complete. The age distribution
of the generation at the time of last observation
is shown in Table I.

It will be noted that 838 of the members of this

TABLE I

Age composition at last obserwvtion of offspring in 192
families consisting of parents, uncks and aunts of 96 rheu-
matic index cases (one generation of these families)

Age Living Dead Totalmembers members

3-4 12 12
5-9 2 17 19
10-14 16 7 23
15-24 45 24 69
25-34 179 23 202
35-44 340 30 370
45-54 202 17 219
55+ 54 3 57

Unknown (4?) 13

Total known 838 133 971

Mean age 39.7

generation were still living at the time of last ob-
servation, at which time their mean age was ap-
proximately 40 years. It is believed that all liv-
ing members have been included in this tabula-
tion, but there is much less certainty of the inclu-
sion of all of the deceased members. To check
upon the completeness of the recorded deaths
among the group, the number of deaths up to 25
years of age was compared with the expected
number of deaths at each age out of 971 births
on the basis of the U. S. Life Tables of 1901.1
This comparison is shown in Table II.

TABLE II

Reported deaths among 971 parents, unces and aunts of
index cases, with expected number on basis of 1901 U. S.
Life Tabls by age to 25 years

Expected deaths based on 1901
U. S. Life Tables

Age Recorded deaths
Out of 971

Out of 971 births survivors to
3 years of age

0 120
1 28
2 13
3 8 9 7
4 6 7 5
5-9 17 20 17
10-14 11 13 7
15-19 17 19 6
20-24 24 29 18

It will be seen that in recording the history of
the members of this generation no information

1 The earliest birth in this generation was in 1857 and
the latest in 1930. The mean and median year of birth
was 1898.
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was obtained regarding individuals who died be-
fore reaching 3 years of age. Because of this
failure to record such individuals it has not been
possible to study the occurrence of the disease
under 3 years of age. The expected and re-

corded deaths after the third year agree reason-

ably well even when allowance is made for the
fact that all recorded deaths occurred among 971
survivors to 3 years of age. It is believed, there-
fore, that the information with respect to the
members of this generation is reasonably com-

plete with regard to those who survived the first
3 years of life.

The relative completeness of the final record of
this generation at various ages

The final and complete history of this genera-

tion cannot be recorded until all of its members
are dead. Each individual contributes his quota
of experience to the record at each age of life as

he passes in succession from birth to death. Thus
the experience of the whole generation will be
completed, first for the youngest age groups and
subsequently for each successive age period pro-

gressing to old age. At the time of last observa-
tion each individual in this generation had con-

tributed experience only to the age attained at that
time, and each living member is potentially a con-

tributor of experience in the future at all older
ages. A greater proportion of persons have,
therefore, passed through the experience in the
younger than in the older ages. To illustrate this
point Table I has been retabulated in Table III to
indicate for this generation, at each age period, the
number of individuals who have contributed ex-

perience up to the time of last observation, and
the number of individuals who are potentially
contributors in the future.

It will be seen that the final life-experience on

the 971 individuals is almost all recorded for the
age groups under 25 years. Only 2 individuals
can yet contribute experience under 10 years of
age, 18 (16 + 2) can contribute experience under
15 years of age, and 63 (45 + 16 + 2) are po-

tential contributors under 25 years of age. The
uncompleted portion of the final history is, there-
fore, small, and at these ages the final record on

the entire generation is almost all recorded. In
the ages above 25 years the data represent a series

TABLE III

Status and age of parents, uncles and aunts at last observa-
tion, uith tabulation showing number of individuals in each
age period in relation to completeness of observation

Status last observation
Number of individuals within
age period with observations

Age Number of individuals

Living Dead Com- Partially Not yet
pleted* completed begunt

3-4 0 12 971 0 0
5-9 2 17 969 2 0
10-14 16 7 953 16 2
15-24 45 24 908 45 18
25-34 179 23 729 179 63
35-44 340 30 389 340 242
45-54 202 17 187 202 582
55+ 54 3 133 54 784

* Deaths + living individuals past the upper limit of
age period.

t Persons with a possibility of living to the age period;
it is not implied that all persons here recorded will live to
reach the age period indicated.

of samples of the final record, and these samples
form a decreasing proportion of the final picture
with increasing age until in the age group over
55 years the experience is complete with respect
only to those individuals who have died and
hence are no longer able to contribute experience
at this age.

Accuracy of data uith respect to the age at onset
of rheumatic disease obtained by history

The history of rheumatic disease in these fami-
lies and the age at which the disease first mani-
fested itself were generally obtained from the
parents soon after the index cases were admitted
to the clinic. Since these histories, with respect
to the parents themselves and their siblings (aunts
and uncles of the index cases), were obtained in
this manner, they are open to errors which are
inherent in this means of acquiring information.
As noted above, the histories are defective in that
they do not include individuals dying under 3
years of age. However, since rheumatic disease
is known to be comparatively rare at these ages,
this discrepancy does not invalidate the findings
for the older ages, because these children, being
already dead, were not at risk of developing the
disease at older ages. There are two main errors
present in the data which might affect their valid-
ity. The first of these is due to the fact that the
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informant (usually a parent of the index case)
may not only fail to remember illnesses among his
siblings but may also forget his own, particularly
those which occurred in early life. This can

have two effects: (1) Cases which have their on-

set early in life may not be reported, and (2) a

recurrence may be called a first manifestation,
which means that it is recorded as occurring at a

later age than the actual onset of the disease.
The tendency of this error is, therefore, to de-
crease the number of cases with onset early in life
and to increase the number of cases with onset
later in life.
The other main error is due to the fact that fol-

lowing the dispersal of the family group by mar-

riage, etc., other members of the family may have
developed the disease unknown to the informant.
The effect of this error is to reduce the number
of cases with onset in adult life. These two er-

rors are inherent in this method of collecting in-
formation; their tendency, however, would be to
counterbalance each other. In this study, in so

far as possible, such errors have been reduced to
a minimum. The histories were carefully taken
and checked, and about 70 per cent have been
verified by hospital records.

The age at onset of rheumatic disease
The age at onset of rheumatic disease has been

defined, for purposes of this study, as the age

at which the patient suffered his first attack with
one of the three manifestations (Chorea, Poly-
arthritis, or Carditis). Among the 971 members
of this generation upon whom histories were ob-
tained, 132 individuals had definite histories of
having some form of the disease, and in 115 of
these the age at onset was definitely stated. The
remaining 17 were unable to give the age at onset,
although the history of the disease was quite defi-
nite. This failure to supply complete informa-
tion was due partly to defective memory on the
part of the informant and partly to the fact that
in some instances (10 of 17) the disease was

discovered as chronic rheumatic carditis without
having shown clinical evidence of the acute dis-
ease at any time. The 115 in whom the age at
onset was known are shown in Table IV by age
and type of first acute manifestation. The age
at onset by single years of these 115 cases is also
shown graphically in Figure 1.

TABLE IV

Age at onset of cases of rheumatic disease occurring among
the parents, uncles and aunts (one generation) of index
cases

Type of first manifestation*

Age Total Rheumatic Rheu- Two or
Chorea poly- matic more syn-

arthritis carditis dromest

4 years 4 1 3
5-9 20 6 11 1 2
10-14 27 10 16 1
15-19 12 1 9 2
20-24 12 10 1 1
25-29 16 13 2 1
30-34 15 14 1
35-44 9 5 3 1

Unknown 17 1 6 10

Total 132 19 87 20 6

* Cases are listed here according to the manifestation on
first attack of the disease. The relationship between the
type of manifestation on first attack and subsequent
manifestations was:

Showing other types
of manifestations on

Manifestation on first attack subsequent attacks
Chorea.... 18 cases 9 cases
Rheumatic polyarthritis... 81 cases 22 cases
Rheumatic carditis .... 10 cases none

t The onsets recorded here were:

Two cases of Chorea with Rheumatic Polyarthritis at 5
and 8 years of age.

One case of Chorea with Rheumatic Carditis at 10 years
of age.

Three cases of Rheumatic Polyarthritis with Rheumatic
Carditis at 24, 28 and 40 years of age.

A study of this table and figure indicates that
in this generation individuals who developed the
disease had their first manifestations at all ages
up to 45 years. The onsets occurred most fre-
quently between the ages of 5 and 15 and 25 and
35 years and there were fewer cases who had their
first clinical manifestations between 15 and 25
years.
The syndrome by which the disease was first

manifested varied with the age at onset. In 20
of the 51 cases whose onset was under 15 years
of age the first manifestation of the disease was
an attack of chorea, either alone or accompanied
by rheumatic polyarthritis or rheumatic carditis,
and in only one instance at this age was the first
manifestation an attack of rheumatic carditis
alone. The cases with onset after their fifteenth
year showed a reversal of this picture, only 1 of
the 64 cases manifesting itself first as chorea,
while 9 appeared first as rheumatic carditis alone.
The number of cases whose onset was indicated
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Age at onset

FIG. 1. AGE AT ONSET OF PERSONS WITH RHEU-MATIC DISEASE ANIONG PARENTS, U-NCLES AND AUNTS OF
INDEX CASES

by an attack of rheumatic polyarthritis appeared
to be uninfluenced by age.

The age susceptibility of rheumiiatic disease

The foregoing analysis has been confined to a

consideration of the age at onset of those persons
among the members of this generation who have
already developed the disease and no considera-
tion has been taken of the fact that all cases of
rheumatic disease may not yet have manifested
themselves, nor of the number of persons at risk
at the various ages from which the cases arose.

In order to compare the risk of developing the
disease at different ages, it is necessary to consider
not only the actual cases which occur, but also the
number of persons and the time period during
which they were at risk of contracting the disease
during each age period. In other words, the
cases must be considered in relation to the uni-
verse in which they occurred.
The unit whiclh has been used to measure the

population at risk during each age period is
" person-years at risk " and this unit is defined as

1 person at risk of developing the disease for 1
year. To obtain this population each person was

considered at risk from their third birthday and
to have remained at risk for a full year at each
year of life down to the age at which the first of
three possible events occurred: (1) death, (2)
onset of rheumatic disease, and (3) termination
of observation. At this later age the individual
was considered to be at risk for one-half year be-
cause the mean time of the occurrence of the
event would fall midway between birthdays.
The population at risk, the cases having their

TABLE V*

Showing the population at risk, the cases of rheumatic
disease with onsets, and the annual attack rates, by age groups,
among one generation (parents, uncles and aunts) of the
families of 96 rheumatic index cases

Population Cases of rheu- Annual
Age at risk matic disease rate per

(person-years) (onsets) 1,000

3-4 1,890.0 4 2.1
5-9 4,607.5 20 4.3
10-14 4,381.5 27 6.2
15-19 4,209.5 12 2.9
20-24 3,991.0 12 3.0
25-29 3,627.0 16 4.4
30-34 3,129.5 15 4.8
35-44 3,906.5 9 2.3
45+ 1,479.5

Total over 2 years 31,226.0 115 3.7

* The 17 cases of rheumatic disease in which the age at
onset was unknown have been omitted from this table.
The data, therefore, refer to the experience of 954 indi-
viduals.

onset, and the annual attack rates are shown, by
age groups, in Table V.

It will be noted that for this generation of rheu-
matic families the mean rate of incidence (onsets)
at all ages is 3.7 per 1,000 per year. The risk
of manifesting the disease for the first time rose
above this mean during two age periods, from 5
to 14 and from 25 to 34 years of age. The inci-
dence was high after the fifth year of life, and
reached its maximum from 10 to 14 years of age
to be followed by a significant decline during the
next decade of life. Between 25 and 34 years
of age the incidence was again high, approxi-
mating the high rates noted in childhood. There-
after the incidence declined and no cases are re-
corded as having their onset after 45 years of age.
In interpreting this latter finding it should be re-
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membered that the tabulations with respect to the
older ages are based upon only a sample of the
final experience of this generation at these ages.

SUMMARY AND CONCLUSION

Various defects in published data relative to the
age selection of rheumatic disease are discussed,
and the results of a study on this subject,. in which
every effort was made to eliminate these errors,
are presented.
The group for study was a generation of the

families of 96 consecutive admissions because of
rheumatic disease to the Cardiac Clinic of the
Harriet Lane Home, and consisted of parents,
uncles and aunts of these admissions (index
cases).
The accuracy of the data and various possible

errors in the histories are recognized and dis-
cussed.
The age at onset of 115 cases of rheumatic

disease occurring in the generation was found to
fall most frequently between the ages of 5 to 14
and 25 to 34 years.
' The relative risk of developing the disease was
determined by dividing the number of onsets at
each age by the person-years at risk for the corre-
sponding age to obtain an annual incidence rate.
This risk was found to be greatest between the
ages of 5 to 14 and 25 to 34 years.
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