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N a previous paper (1) the frequency of rheumatic manifesta-
tions was shown to be significantly higher among the near
relatives of a series of children affected with rheumatic disease

than among the corresponding relatives of a control series of non-
rheumatic children. The findings were not conclusive, but did sug-
gest that inherited predisposition may be an important factor in
the development of the disease, and indicated the need for further
investigation. The purpose of this article is to present additional
facts bearing on this subject.

MaTEeRIAL AND METHODS

The data upon which this report is based consist of the medical
histories of ninety-six consecutive admissions of white children to
the Cardiac Clinic of the Harriet Lane Home because of some rheu-
matic manifestation, and of thirty-three white children examined
in the Tuberculosis Clinic of the Harriet Lane Home. The histories
include a careful epidemiological study of the immediate families
of these children, and the families of their parents, so that accurate
information is available regarding the rheumatic history of the
patients and their siblings, parents, grandparents, uncles, and aunts.

The children admitted to the clinics, and who are responsible for

1 Reprinted from The Journal of Clinical Investigation, March, 1939, xvii1, No. 2, pp.
213-217.

2 From the Cardiac Clinic of the Harriet Lane Home (Department of Pediatrics) of the
Johns Hopkins Hospital in cooperation with Child Hygiene Investigations of the United
States Public Health Service and the Departments of Epidemiology and Biology, Johns Hop-
kins University, School of Hygiene and Public Health, Baltimore. Acknowledgment is
made by the authors of the inspiration and advice of the late Dr. W. H. Frost who guided
the early stages of this study.
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the inclusion of their respective families in the study, are denom-
inated “index cases” to distinguish them from their relatives who
enter the study because of their relationship to these cases.

In this paper, as in the preceding one, a rheumatic manifestation
is defined as either chorea, rheumatic fever, or rheumatic carditis.
All index cases of the rheumatic group entered the clinic because
they were suffering from one or more of these conditions. The
index cases who were children examined in the Tuberculosis Clinic,
and their relatives, are used as a control group and none of the index
cases in this group has had an acute rheumatic episode.

The selection of the material, verification of the information, and
comparability of the two groups were discussed fully in the previous
article, which dealt with a smaller group of rheumatic families than
is here analyzed. It should be emphasized again that the two groups
of families are comparable for such factors as age, mortality, and
social and economic status.

THE ANCESTRY OF RHEUMATIC AND CONTROL CHILDREN

A comparison of the rheumatic and control index cases, with
respect to the history of rheumatic manifestations in their parents
and grandparents, is presented in detail in Table 1. This table shows
the various parental and grandparental mating combinations with
respect to the occurrence of rheumatic disease, and the number of
index cases in both the rheumatic and control series for each com-
bination. This table may be summarized as follows:

Number of Index Cases Rheumatic Control
With Parental Histories Complete 96 33
With Rheumatic History in Parents Number 43 4

Per cent 44.8 12.1
With Grandparental Histories Complete 86 32
With Rheumatic History in Number 49 4

Grandparents Per cent 57.0 125
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With Complete Parental and
Grandparental Histories

With Rheumatic History in Parents or
Grandparents

Number
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It was possible to obtain complete histories with respect to the
occurrence of rheumatic manifestations on every parent of all the
rheumatic and control index cases, but the history with respect to
rheumatic disease is complete in the grandparents of only eighty-six

Table 1. Distribution of index cases of rheumatic and control families according
to the correlation of the history of rheumatic manifestations in the parents and grand-

parents.
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of the rheumatic and thirty-two of the control index cases. The dis-
cussion, therefore, of the proportion of index cases with history of
rheumatic manifestations in their grandparents is limited to those
cases for whom the information was complete.

Of the ninety-six rheumatic index cases, forty-three, or 44.8 per
cent, had one or both parents with a history of rheumatic disease in
the past as compared with four, or 2.1 per cent, of the thirty-three
control index cases. Thus the percentage of index cases with rheu-
matic parents in the rheumatic group was 3.7 times as high as that
of the control group. The percentage of index cases who had grand-
parents with a positive history in the rheumatic group was almost
five times that found in the control group, the percentages being
57.0 to 12.5.

When both parental and grandparental histories are considered,
the percentage of index cases with at least one parent or grand-
parent giving a history of rheumatic manifestations was 73.3 per
cent in the rheumatic group as compared with 21.9 per cent in the
control group. These results show quite definitely that a much
greater proportion of the rheumatic index cases have parents or
grandparents who have had rheumatic disease than is found in the
corresponding relatives of the control index cases. They demon-
strate in another form the findings of the previous article, which
showed that there was an unusual occurrence of this disease in the
families of rheumatic index cases.

The findings with respect to the percentage of rheumatics who
have parents with rheumatic histories is, moreover, consistent in
the two generations analyzed. Forty-three of the ninety-six rheu-
matic index cases had parents with a history of rheumatic disease. A
study of Table 1 shows that thirty-six of these had one parent rheu-
matic and seven had both parents rheumatic, or there were in all
fifty rheumatic parents. A summary of the history of rheumatic
manifestations in zAeir parents (grandparents of the index cases)
compiled from Table 1 shows for these rheumatic parents:



Rheumatic Diseases in Rheumatic Patients’ Families 267

Number of Rheumatic Parents of Index Cases 50
With Rheumatic History in Thesr Parents Number 23
Per cent 46.0

This percentage is in agreement with the percentage of index
cases whose parents gave a history of rheumatic manifestations seen
in the summary of Table 1, and shows the consistency of this find-
ing in two generations of these rheumatic families.

THE OFFSPRING OF RHEUMATIC AND NON-RHEUMATIC PARENTS

The families in this study were selected in two ways, (1), those
of the rheumatic index cases because at least one child, the index
case, came to the clinic with some form of rheumatic manifestation,
and (2), those of the control group because the index case was
examined in the Tuberculosis Clinic and had not had an acute rheu-
matic episode. Thus, by definition, at least one child in each of the
rheumatic families must be rheumatic, and one child in each of the
control families must be non-rheumatic.’ Because of this method of
selection, the immediate families of the index cases are not suitable
for a direct comparison of the relative frequency of rheumatic in-
fection in the offspring of the parental matings.

The information obtained for the grandparents and zAeir chil-
dren may, however, be used for this purpose, because selection of
the families was entirely independent of any prior knowledge of
the past history with respect to rheumatic manifestations of the
grandparents, parents, uncles, or aunts of the index cases. The find-
ings of this analysis are, therefore, not comparable with the findings
of other investigators who used the immediate families of their
index cases to study this relation (2, 3, 4).

These grandparental families also have the advantage in that
they are complete; the grandparents are all past the reproductive

21t should be noted that control families were selected without reference to the past
history of rheumatic manifestations in the siblings of the index case so that it could happen
that some of the siblings had been registered in the Cardiac Clinic—this did occur in three
instances.
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age and their living offspring are mostly past the age of maximum
incidence of rheumatic disease. It is also permissible to combine
data on both the rheumatic and control families, because in this
generation any difference which might be shown between the two
groups is not due to the method of sampling but should rather be
considered due to the selectivity of the disease.

The total number of grandparental families in the combined
rheumatic and control groups was 258, and complete information
was available with respect to the history of rheumatic manifesta-
tions in the parents and children of 246 of these families (see Table
1). From the 246 matings, for which complete histories are avail-
able, there are 1,303 offspring, of which 150 had a history of some
type of rheumatic manifestation.

The distribution of the grandparents of index cases according to
their history of rheumatic disease, the number of offspring, and the
number and percentage of rheumatic offspring from each type of
mating is shown, by sex, in Table 2.

A study of this table shows that where one or both parents

Table 2. Distribution of grandparental families of index cases according to the
history of rheumatic disease in the parents, with the number of offspring of each
type of mating, and the number and percentage of rheumatic offspring, by sex.

Histrory or RErUMATIC MANIFESTATIONS IN PARENTS OF
GRrANDPARENTAL FamiLies (GRANDPARENTS oF INDEx CasEs)
Male — | Male + | Male — | Male + Un- Total
Female — |Female — | Female 4+ |Female 4| known ora.
Number of Matings 182 24 34 6 12 258
Male Offspring
Number 491 61 85 18 655
Number Rheumatic 31 8 16 6 61
Percentage Rheumatic 6.3 13.1 18.8 33.3
Female Offspring
Number 483 40 104 21 648
Number Rheumatic 42 7 34 6 89
Percentage Rheumatic 8.7 17.5 32.7 28.6
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(grandparents of index cases) gave a rheumatic history a much
higher percentage of the offspring (parents, uncles, and aunts of
index cases) were affected than when neither mate had manifesta-
tions. There are, in addition, some interesting sex differences which
are worthy of note. From the thirty-four matings of a rheumatic
female with a non-rheumatic male there were 104 female offspring
of whom thirty-four were affected, and eighty-five male offspring
of whom sixteen had manifestations. Rheumatic mothers thus had
almost twice the percentage of rheumatic children among their
female offspring than they had among their male offspring. This is
in contrast to the fact that no difference is noted in the percentage of
male and female offspring who were rheumatic in the twenty-four
families where the father was rheumatic and the mother non-
rheumatic. Viewed from another angle, we note with respect to the
male offspring, that there was apparently no difference in the per-
centage who were rheumatic in the families in which the mother
gave a positive history and those in which the father gave a positive
history. Such was not the case with the female offspring, the per-
centage of female offspring who were rheumatic being almost
twice as high in the families where the mother was rheumatic as it
was in the families of rheumatic fathers.

The higher percentage of rheumatic children found among the
offspring of rheumatic parents than among the offspring of non-
rheumatic parents suggests that the hereditary constitution may be
a factor in determining predisposition to this disease. The higher
frequency of rheumatic disease among female offspring of rheu-
matic mothers would seem to indicate that if heredity is a factor a
sex difference exists.

RHEUMATIC MANIFESTATIONS ON THE PATERNAL AND MATERNAL SIDES
OF FAMILIES OF RHEUMATIC INDEX CASES

A comparison of the percentage of the offspring of the paternal
and maternal grandparents of the rheumatic index cases who gave
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a history of rheumatic manifestations yields further information
upon possible hereditary relationships. In making such a compari-
son, the parents of the index cases must be excluded, because by the
method of selection of these families, there must be one male child
in each family of paternal grandparents and one female child in
each family of maternal grandparents. Any hereditary factor pres-
ent in these families would also manifest itself most strongly in
the parents of the rheumatic index cases since if such a factor be
present, they must, of necessity, be the transmitters of the disease.

Another consideration is the accuracy of the histories obtained,
because it is generally much easier to interview the mother than the
father of the index case, and for this reason only those families on
the paternal side were considered in which the history of rheu-
matic disease was obtained from the father or one of his sisters.

The histories of eighty-six paternal and ninety-six maternal fami-
lies are believed to be accurate, and these have been analyzed to
show the percentage of aunts and uncles (siblings of parents of
index case) with a rheumatic history on the paternal as compared
with the maternal side. This comparison is shown in Table 3.

A study of this table reveals the interesting fact that while there
is no difference between the proportion of the uncles and aunts who
have rheumatic manifestations on their respective sides of the fam-
ily, the percentage of maternal aunts and uncles who had rheumatic
manifestations is almost three times that of the paternal aunts and
uncles.

Table 3. Comparison of the relative frequency of rheumatic manifestations in the
aunts and uncles of rheumatic index cases on the paternal and maternal sides.

PATERNAL MATERNAL
ReraTioNn
To INDEX Rheumatic Rheumatic
Case Number Number
Number | Per Cent Number | Per Cent
Uncles 159 4 2.5 213 33 15.5
Aunts 172 9 5.2 22§ 35 15.6
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As these aunts and uncles enter the study because they are siblings
of the parents of the index cases, any interpretation of the above
finding is dependent to some extent upon whether the difference
noted is due to the fact that in this group of families a greater num-
ber of mothers than fathers of index cases had a history of having
had rheumatic disease (see Table 1). A further analysis has there-
fore been made in which the aunts and uncles are classified as
siblings of rheumatic and non-rheumatic parents to compare pa-
ternal and maternal sides of these families according to the history
of the parent through whom they are related to the rheumatic index
case. This comparison is shown in Table 4.

This table amplifies the findings shown in Table 3 and demon-
strates the fact that, when due consideration is given to the presence
or absence of a history of rheumatic disease in the parents of index
cases, a greater proportion of the maternal than of the paternal
aunts and uncles is found to be affected. The number of persons
falling into each group in this table is not sufficiently large to allow
significance to be attached to the individual percentages, but they
are consistent in that, in each instance, they show a higher per-

Table 4. Comparison of the relative frequency of rheumatic manifestations in

the aunts and uncles of rheumatic index cases on the paternal and maternal sides;
according to the history of rheumatic manifestations in the parents of whom they

are siblings.
PaterNAL MaTERNAL
ReraTion
SiBLiNG OF | TO INDEX Rheumatic Rheumatic
Case Number Number
Number | Per Cent Number | Per Cent
Rheumatic Uncles 23 1 43 10§ 21 20.0
Parents of | Aunts 26 3 115 95 25 26.3
Index Cases
ToraL 49 4 8.0 200 46 23.0
Non-rheuma- | Uncles 136 3 2.2 108 12 II.1
tic Parents | Aunts 146 6 4.1 130 10 7.7
of Index
Cases
ToraL 282 9 3.2 238 22 9.2
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centage of persons with rheumatic disease among the maternal
aunts and uncles than among the corresponding relatives on the
paternal side of the family.

This supplements the observation, brought out by Table 3, that
more rheumatic disease occurred on the maternal than on the pa-
ternal side of these families of rheumatic index cases, and indicates
that this difference is present whether the parents be rheumatic or
non-rheumatic. This fact is worthy of consideration in any attempt
to evaluate the hereditary factors in rheumatic disease.

SuMMAaRrY AND CONCLUSIONS

Facts have been presented relative to the high incidence of rheu-
matic disease in the families of ninety-six rheumatic children. The
percentage of persons with a rheumatic history, who had parents
with a similar history, was found to be consistent in two generations
of these families and was 3.7 times as high as was found in a group
of control families.

The offspring of the grandparents of the rheumatic and control
index cases were studied to see if any relationship was present be-
tween the type of mating with respect to rheumatic disease and the
percentage of children who were rheumatic. When one or both
parents had a history of rheumatic manifestations a greater per-
centage of the offspring was rheumatic than was found in the off-
spring of parents who gave no history of rheumatic disease.

The percentage of female offspring of rheumatic mothers who
had rheumatic manifestations was found to be almost twice as high
as in the male offspring of these mothers. :

A greater percentage of persons with rheumatic disease was
found among the maternal aunts and uncles than was found among
the paternal aunts and uncles of rheumatic index cases.

These findings suggest that hereditary constitution may play a
r6le in the predisposition to this disease. The evidence here pre-
sented does not, however, exclude the possibility that infection
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plays an important réle, and that exposure may be the predominat-
ing factor.
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