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WITH A STATISTICAL APPENDIX BY

T. J. D. ERLEE AND E. F. DRION

There have been few scientifically acceptable
publications on the significance of hereditary
factors in various rheumatic diseases. Only in the
past few years has attention been given to reliable
differential diagnosis between the various forms of
rheumatism. Of the older authors we may mention
Fox and van Breemen (1934), who spoke of the
"red thread of secondary cases" of various rheu-
matic affections which might be observed in the
family of a rheumatic patient. Hangarter (1938),
who presented a survey of the literature on the
subject, believed that various rheumatic conditions,
such as rheumatic fever, rheumatoid arthritis,
ankylosing spondylitis, and osteo-arthritis, might
occur side by side in certain families. These
authors attached considerable importance to the
so-called "rheumatic diathesis". Holsti and Huus-
konen (1938) reported a mass examination (by
inquiry) among 195,000 Finnish subjects; 0 9 per
cent. were found to be suffering from some rheu-
matic condition, and various forms of rheumatism
occurred in the same family.
Of the current investigators in this field, Stecher

and his co-workers should be mentioned first.
Stecher (1957), who reported exhaustive personal
observations with a comprehensive survey of the
literature, maintained that any study of heredity
should be based on patients in whom the diagnosis
had been made with meticulous accuracy, and that
the data considered should be only those pertaining
to the diseases chosen as a starting point. He
believed that a specific hereditary mechanism was
involved in every form of articular rheumatism,
not excluding the various forms of arthrosis and
spondylosis deformans. It should be borne in mind
that a possible "hereditary factor" does not per se

determine the manifestation of a rheumatic con-
dition, and that other endogenous and exogenous
factors also govern the actual appearance of the
rheumatic affection.
The familial occurrence and possible involvement

of a hereditary factor in ankylosing spondylitis
(Bechterew's disease) had previously attracted our
attention, and it was decided to institute an investi-
gation of possible hereditary factors and to include
rheumatoid arthritis in our survey.

Method and Material
Probands.-From the patients of the "Groningen

Rheumatic Centre" we obtained a random series of
100 cases of ankylosing spondylitis and 100 cases of
rheumatoid arthritis. A control group of 100 subjects
normal at that time was also included. These 300
probands were aged between 25 and 45, and an attempt
was made to avoid predominance of either sex.

Diagnosis.-The diagnosis of rheumatoid arthritis had
to be "definitive" (Ropes, Bennett, Cobb, Jacox, and
Jessar, 1957).

Ankylosing spondylitis was regarded as "definitive"
in patients showing typical x-ray changes in the sacro-
iliac joints and sometimes the vertebral column, spinal
ankylosis, and a typical history and symptoms.
The probands of the control group were also examined

(at the out-patient clinic), and only those were included
who were quite free from arthritis and spondylitis.

In determining the results of the subsequent examina-
tion of the relatives of these 300 probands, the same
criteria were used as regards a possible diagnosis of
"rheumatoid arthritis" or "ankylosing spondylitis".

Relatives.-The completest possible pedigree was
obtained for each of the 300 probands. All accessible
grandparents, parents, siblings, children, and collateral
members of the family were examined.
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ANNALS OF THE RHEUMATIC DISEASES

Persons under 15 years of age were omitted from the
investigation for two reasons:

(i) Rheumatoid arthritis and ankylosing spondylitis
are exceedingly rare before the 15th year.

(ii) Comparison was thereby facilitated between
our results and those of other mass investiga-
tions in the Netherlands, which were also
limited to subjects aged 15 years and over

(de Blcourt, 195 Ia, b, 1954; de Graaff, 1961).

All the relatives were examined at home by the same
specially trained physician. If the diagnosis was

doubtful the subject was referred to a rheumatic diseases
out-patient clinic for further investigation.

Results

Completion Rate.-A rate of 100 per cent. is
obviously impossible to obtain in an investigation
covering some thousands of relatives. The co-

operation offered by all agencies and persons con-

cerned proved to be such, however, that a rate of
nearly 87 per cent. was achieved. The details are

shown in Table I, which should be read as follows:

Rheumatoid Arthritis.-The average age of the
100 probands of this group (38 males and 62 females)
was 38-8 years: the total number of their relatives
was 3,256, but only 2,842 of these were over 15 years
of age. Of this number 2,486 (87- 5 per cent.) were
contacted and included in the survey.

Ankylosing Spondylitis.-The average age of the
100 probands of this group (76 males and 24 females)
was 36 7 years: their relatives numbered 3,170,
of whom 2,862 were over 15 years of age; 2,478
(86-6 per cent.) were included.

Healthy Controls.-The average age of the 100
probands of this group (48 males and 52 females)
was 38 6 years: their relatives numbered 3,141,
of whom 2,825 were over 15; 2,441 (86 4 per cent.)
were included.

Total.- The three groups together included 8,529
relatives aged 15 years and over, of whom 7,405
(86 8 per cent.) were included in the investigation.

Secondary Cases. The occurrence of secondary
cases in the three groups of relatives is shown in
Table II (opposite):

Rheumatoid Arthritis Group. Among 2,486 rela-
tives, there were 58 cases (2 35 per cent.). The
occurrence of such secondary cases was higher
amongst female relatives (3 48 per cent.) than
amongst male relatives (1 25 per cent.).

These percentages may be contrasted with the
occurrence of only twenty secondary cases of rheu-
matoid arthritis amongst the 2,441 relatives of the
control group (0-82 per cent.): amongst male
relatives 0-4 per cent. and amongst female relatives,
1 2 per cent.

Ankylosing Spondylitis Group.-Among 2,478
relatives, 45 secondary cases of ankylosing spondy-
litis were found (1 -8 per cent.). But here, in con-

trast to the experience in the rheumatoid arthritis
group, the occurrence of secondary cases was higher
amongst the male relatives (2-45 per cent.) than
amongst the female relatives (1 20 per cent.).

Control Group.-There were only two "secondary"
cases of ankylosing spondylitis amongst the 2,441
relatives of the controls (0 08 per cent.): amongst
males 0- 17 per cent. but amongst females nil.

Affected Families.-Table III (opposite) shows for
each group the porportion of families with 0, 1, 2,
etc., secondary cases of the same disease.

Rheumatoid Arthritis Group.-There were 34
families showing 58 secondary cases, i.e. a familial
occurrence of 34 per cent. Of these 34 familial
occurrences, fifteen were via the male and thirteen

,BLE I

PERSONS INCLUDED IN THE SURVEY

Rheumatoid Arthritis Ankylosing Spondylitis Healthy Controls All
Group.(100 probands: (100 probands: (100 probands: Groups

38 M., 62 F.) 76 M., 24 F.) 48 M., 52 F.)

M. F. Total M. F. Total M. F. Total Total

Total Relatives .1,677 1,579 3,256 1,585 1,585 3,170 1,574 1,567 3,141 9,567
Deduct those under 15 yrs of age .. 211 203 414 162 146 308 166 150 316 1,038

Suitable for Inclusion 1,466 1,376 2,842 1,423 1,439 2,862 1,408 1,417 2,825 8,529
Inaccessible 188 168 356 196 188 384 203 181 384 1,124

Number Included .1,278 1,208 2,486 1,227 1,251 2,478 1,205 1,236 2,441 7,405
Percentage of No. Suitable forInclusionl 87-2 87-8 87-5 86-2 86-9 86-6 85-6 87-2 86-4 86-8
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HEREDITARY FACTORS IN RHEUMATIC DISEASES
TABLE 1I

PREVALENCE OF SECONDARY CASES AMONGST RELATIVES

Rheumatoid Arthritis Ankylosing Spondylitis Controls

Relatives No. With RA No. With AS No. With RA With AS
of of of

Relatives No. Per cent. Relatives No. Per cent. Relatives No.] Per cent. No. Per cent.

Sons .. .. 51 - - 14 - - 29 - - _
Brothers .. .. 228 3 1*3 200 1 5 7- 5 231 1 - 1 -
Fathers .. .. 91 4 4*4 97 5 5*15 92 1 - -

Male Uncles .. .. 295 2 0*68 296 6 2-03 279 2 - 1
Grandfathers .. 121 3 2-4 117 1 0*84 111 - --
Male Cousins .. 492 4 0-81 500 3 0 6 463 1 -

Total .. 1,278 1 6 1 25 1,224 30 2-45 1,205 5 0 41 2 0-17

Daughters .. 46 - - 41 1 0-24 32 - _ _
Sisters .. 235 9 3 *8 201 9 4-47 237 4 -_
Mothers .. 90 9 10l0 94 - - 97 3 -_

Female Aunts .. 279 11 3 *9 314 1 0*31 304 13 -
Grandmothers .. 123 7 5-7 107 - - 115 - _
Female Cousins.. 435 6 1-38 497 4 0-81 451 144 __

Total .. | 1,208 42 3 48 1,254 15 1 20 1,236 15 1 21 -| -

Total Male and Female
Relatives .. 2,486 58 2-35 2,478 45 1-81 2,441 20 0 82 2 0-08

TABLE III

FAMILIES OF PROBANDS-ACCORDING TO THE NUMBER OF SECONDARY CASES

No. of Control Probands
Secondary RA Probands AS Probands

Cases with RA in Family with AS in Family
0 66 70 81 98

1 20~ 20' 18)2
2 -76 1

93 5~~~7J34 3J.30 1 9 2__
4 1 1
5 _ 10 1 10

Total . ..100 | 100 100 100

via the female line of descent, and six concerned
a brother and/or sister.

Ankylosing Spondylitis Group.-There were thirty
families with 45 secondary cases, i.e. a familial
occurrence of 30 per cent. Of these thirty familial
occurrences, ten were via the male and eight via the
female line of descent, and twelve concerned a
brother and/or sister.

Control Group.-There were nineteen families with
twenty "secondary" cases of rheumatoid arthritis:
only one family included two cases and these
affected an uncle and a female cousin in the same
line of descent. There were only two families with
secondary cases of ankylosing spondylitis (one in
each, and both males).

Families with both Rheumatoid Arthritis and
Ankylosing Spondylitis.-The affected relatives in
the rheumatoid arthritis group included two cases

of ankylosing spondylitis (0-08 per cent.); one of
these occurred in a family which also had two
secondary rheumatoid arthritis cases (in the same
line of descent).
The affected relatives in the ankylosing spondylitis

group included fifteen cases of rheumatoid arthritis
(0 61 per cent.): five in males and ten in females;
eight of these cases occurred in families with one or
more cases of secondary ankylosing spondylitis,
including six in the same line of descent.

Other Forms of Rheumatism.-Although an
investigation into the occurrence of other forms of
articular rheumatism such as osteo-arthritis and
rheumatic fever was not included in our terms of
reference, an attempt was nevertheless made to gain
some general impression in this respect. Only
in very marked cases were these diagnoses registered.
Not too much value should therefore be attached
to this part of the investigation, which yielded the
following results:
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ANNALS OF THE RHEUMATIC DISEASES
Rheumatoid Arthritis Group.-This included six-

teen cases of rheumatic fever (0 62 per cent.) and
58 cases of osteo-arthritis (2 35 per cent.).

Ankylosing Spondylitis Group.-This included
sixteen cases of rheumatic fever (0 8 per cent.) and
64 cases of osteo-arthritis (2 6 per cent.).

Control Group.-This included eight cases of
rheumatic fever (0 32 per cent.) and 34 cases of
osteo-arthritis (1 -39 per cent.).
A detailed statistical report on these results is

given in the Appendix, from which the following
conclusions may be quoted here:
"The data indicate that both rheumatoid arthritis

and ankylosing spondylitis are capable of familial
occurrence and that, consequently, each probably
has a hereditary component; it is also indicated that
the hereditary components of the two conditions
are different in kind.

It may also be noted that the frequency of rheu-
matoid arthritis found in the control group agreed
with that established in the course of the mass
investigation into rheumatoid arthritis made by
de Graaff (1961).

It appears that about one-third of the families in
the Netherlands are affected by rheumatoid arthritis,
and about one in seventeen with ankylosing
spondylitis.

Both rheumatoid arthritis and ankylosing spondy-
litis therefore appear to be characterized by familial
occurrence and a hereditary component, but the same
familial and/or hereditary component is not involved
in both these forms of articular rheumatism."

Discussion

Our results thus give support to the view that
rheumatoid arthritis and ankylosing spondylitis are
not varieties of the same entity, but in some familial
and hereditary studies this difference has not been
sufficiently taken into account, so that comparison
with our investigation is difficult. Comparison is
also impeded by the fact that some investigators
do not specify the relationship between the proband
and other relatives examined; nor do they mention
the completion rate or the composition of the control
group. Some of the results obtained by various
groups of workers between 1950 and 1959 are
summarized in Table IV.

The first striking feature of our results is the
predominance of secondary cases among female
relatives in the rheumatoid arthritis group (3 48
per cent. as against I 25 per cent. in males), and the
predominance of secondary cases among male
relatives in the ankylosing spondylitis group (2-45

ILE IV

INCIDENCE OF SECONDARY CASES REPORTED BY OTHER AUTHORS

1 1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Authors

Stecher

Neri Serneri and Bartoli ..

Miall .. .. .. ..

Barter . . .

E.R.C. .. .. .. .. .. .. ..

IS
Short, Abrams, and Sartwell .. ... ..

Disease Percentage Secondary Cases
Date in

Probands Relatives Controls

AS
1957

RA

.. 1956

1955

1952

1950

RA

RA

RA

2- 5

RA Fathers 7 - 0
Mothers 15-0
Siblings 3 - 8

1952 RA

RA

11-9

3

w..tgl.. .. .. .. .. 1959 AS First degree 6-3
Second degree 2- 3
3rd degree 0-7

Lawrence and Ball

Ziff, Schmid, Lewis, and Tanner

1958 RA

1958

Bremner, Alexander, and Duthie 1959

RA i

-i
RA Clinical and

subclinical
Clinical

0-18

3-1 0- 58

6-3 0-38

3-1 0-6

11-0 4-6

3-0
9-0
I *8

5-1

9-0

3 -4

2-0

7-6
4-9

I-

I.
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HEREDITARY FACTORS IN RHEUMATIC DISEASES

per cent. as against 120 per cent. in females).
This is entirely in accordance with the general
experience that rheumatoid arthritis occurs more
frequently in females and ankylosing spondylitis
in males.

These secondary cases were seen via both the
paternal and maternal lines of descent and gona-
somal factors (the X- and Y-chromosomes) are thus
unlikely to be of great importance in the hereditary
mechanism of these two conditions.
The female and male predominance in rheumatoid

arthritis and ankylosing spondylitis respectively
might suggest a sex-linked dominance, but we have
seen mothers with ankylosing spondylitis who have
sons suffering from the same disease, and also
fathers with daughters who suffered from rheumatoid
arthritis. Stecher (1957) believes that the occur-
rence of ankylosing spondylitis in a female patient
results in an increase in the so-called penetrance
(manifestation of an existing hereditary disposition)
in the family concerned. Secondary cases were
connected with ten of our 24 female probands
(41 per cent.) and twenty of our 76 male probands
(26 per cent.), and on the basis of these figures our
statistician did not wish to go beyond the opinion
that there is possibly a "tendency towards promo-
tion of penetrance" in the family of a female
proband with ankylosing spondylitis.
The finding of 0 82 per cent. rheumatoid arthritis

and 0-08 per cent. ankylosing spondylitis in our
control group of 2,441 subjects is in good agreement
with the result of a (limited) mass investigation into
the frequency of rheumatic conditions carried out
in the Groningen area during 1950-1952. Among
3,378 subjects (all over age 15), 1 per cent. had rheu-
matoid arthritis and 0-1 per cent. had ankylosing
spondylitis.
The results of the mass investigation more recently

carried out in the Netherlands (to be published,
de Graaff, 1961) also agree with the above data,
which suggests that about I per cent. of the Dutch
population suffer from rheumatoid arthritis (un-
mistakable, though sometimes asymptomatic), while
about 0-1 per cent. suffer from ankylosing spondyl-
itis.
Secondary cases were found in nearly three times

as many of the relatives of subjects in the rheumatoid
arthritis group as in the control group, and in over
22 times as many of the relatives of the ankylosing
spondylitis group as in the control group. This
indicates that the hereditary component is more
important in ankylosing spondylitis than in rheuma-
toid arthritis. The higher degree of morbidity in
first-degree relatives (especially in the case of anky-
losing spondylitis) indicates a dominant hereditary

mechanism (see Table II). A recessive hereditary
mechanism should, however, be indicated by an
increased frequency of consanguineous marriages
in the rheumatoid arthritis and in the ankylosing
spondylitis group. But consanguineous marriages
(determined from civil registration documents up
to and including the great-grandparents) were en-
encountered in only one case in the rheumatoid
arthritis group, not at all in the ankylosing spondyl-
itis group, and in one case in the control group.

In the two cases of consanguinity, no influence on
the occurrence of rheumatoid arthritis (or ankylosing
spondylitis) was demonstrable. The consan-
guineous family in the control group included no
case of "rheumatism"; that in the rheumatoid
arthritis group included three cases of rheumatoid
arthritis in the maternal line (the father's grand-
parents were first-degree cousins).

It should be pointed out that none of the probands
with rheumatoid arthritis or ankylosing spondylitis
had parents who were both suffering from the same
disease as the proband. This eliminates the occur-
rence of homozygotes.
Our investigation suggests that both rheumatoid

arthritis and ankylosing spondylitis probably involve
a non-sex-linked dominant hereditary mechanism,
with differences in penetrance between males and
females. This accords with the view held by Stecher
(1957).

Several investigators, including Short and others
(1952) believed that they had observed an increased
number of cases of "rheumatism" (all forms) among
the relatives of subjects with rheumatoid arthritis
and ankylosing spondylitis. We also noticed
a trend in this direction, as there were more cases
of osteo-arthritis and rheumatic fever in the relations
of patients with rheumatoid arthritis and ankylosing
spondylitis than in the control group. The statis-
tician was reluctant to base a conclusion on this
observation, however, because the differences were
relatively slight, and because our investigation was
not especially aimed at these conditions.
Although a serological examination (Rose test)

was frequently included in the examination of
probands and relatives, the figures are insufficient
for an investigation into the possible correlation
between a positive Rose test and hereditary factors
in rheumatoid arthritis which has been suggested
by Ziff and others (1958), Lawrence and Ball (1958),
and Bremner and others (1959). We have now started
an investigation into the correlation between the
so-called rheumatoid arthritis factor and the occur-
rence of secondary cases. Moesmann (1959) has
recently thrown doubt on the existence of a here-
ditary factor; a study of the occurrence of rheuma-
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ANNALS OF THE RHEUMATIC DISEASES

toid arthritis in heterozygotic and homozygotic twins
does not appear to support the view that heredity is
important. Our personal observations, however,
lead us to maintain that both rheumatoid arthritis
and ankylosing spondylitis are likely to involve a
non-sex-linked dominant hereditary mechanism,
with differences in penetrance between males and
females.

Summary
7,405 relatives (down to and including third-

degree kin) of 300 probands (100 with rheumatoid
arthritis, 100 with ankylosing spondylitis, and 100
normal controls) were examined for rheumatoid
arthritis or ankylosing spondylitis.
The frequency of rheumatoid arthritis among

relatives of the rheumatoid arthritis group was 2 8
times as high as that in the control group; the
frequency of ankylosing spondylitis among relatives
of the spondylitis group was 22-6 times as high as
that in the control group. Ankylosing spondylitis
was as frequent in the rheumatoid arthritis group
as in the control group. The same holds true for
rheumatoid arthritis relative to ankylosing spondy-
litis. Both rheumatoid arthritis and ankylosing
spondylitis, therefore, probably involve a non-sex-
linked dominant hereditary mechanism with differ-
ences in penetrance between males and females.

One-third of all Dutch families are thus believed
to be affected by rheumatoid arthritis.

This investigation was carried out with the financial
and statistical help of the Health Organization T.N.O.,
The Hague.
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STATISTICAL APPENDIX

BY

T. J. D. ERLEE AND E. F. DRION

The relatives over 15 years of age included some
10 per cent. on whom insufficient data were obtained.
Table A (opposite) summarizes the unexamined subjects
aged 15 and over and those under 15 years of age. In
each group, the number of boys under 15 exceeded
the number of girls under 15, although the difference is
not significant. In the older age groups, too, there were
more males than females in each group (difference not
significant).

Since it is known that both rheumatoid arthritis and
ankylosing spondylitis can become clinically manifest
at a fairly advanced age, a complete statistical analysis
should take into account the age of all subjects included

in the investigation. Since the object of this investiga-
tion was more limited (to determine whether there are
unmistakable indications of a familial occurrence of
the diseases in question), it seems justifiable to omit
any consideration of the age distribution. The relatives
of probands with rheumatoid arthritis tended to be
slightly older than those in the other group; this was
seen in the average number of sons and daughters and
male and female cousins per family. The older the
proband, the greater will be the average number of his
descendants. However, the average number of male
and female cousins was only slightly larger than the
average in the control group (Table B), and since there
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221HEREDITAR Y FACTORS IN RHEUMATIC DISEASES
TABLE A

INACCESSIBLE RELATIONS

Age (yrs).Youngerthan 15 yrs old Remainder

Sex.Male Female Male Female

Rheumatoid Arthritis...211 203 188 168
Group .. Ankylosing Spondylitis 162 146 196 188

Control...166 150 203 181

TABLE B

AVERAGE CHILDREN AND COUSINS PER FAMILY

Group No. of Children No. of Male and Female Cousins

Rheumatoid Arthritis. 097 9-27
AnkylosingSpondylitis. 058 9 89
Control. 061 9*14

is no indication that the uncles and aunts were older, tion does not hold. As probands for each of the three
elaboration without correction for age distribution groups, subjects between 25 and 45 years of age were
would seem to be justified. chosen; if the proband is male, then he is likely to be
Each family in the rheumatoid arthritis group* includes in the same age and sex group as his brothers and male

at least one case of rheumatoid arthritis (viz. the pro- cousins; if the proband is female, then she will belong
band); mutatis mutandis, the same holds true for the to the same age and sex group as her sisters and female
ankylosing spondylitis group.* The proband of the cousins. Both these groups will be henceforth referred
control group,* however, has neither RA nor AS. It to as the A Category. Subjects of another generation
is consequently impossible to make a simple comparison (grandparents, parents, uncles and aunts, sons and
between the total frequency of RA in the RA Group daughters) will largely fall outside the age group of the
(and of AS in the AS Group) with the frequency of proband; these subjects of another generation than that
RA and AS, respectively, in the C Group. However, of the proband, and all subjects of the opposite sex,
in each group there are subgroups for which this objec- will be referred to as B Category. It is therefore

statistically justifiable to make a simple comparison in
the B Category between the test and control groups as

* For the sake of simplicity, the three groups will be indicated to the frequency of the diseases under investigation.
hereafter as RA Group, AS Group, and C Group, and the diseases
as RA and AS. This comparison is shown In Tables C and D.

TABLE C

FAMILIES WITH RHEUMATOID ARTHRITIS

Number of Families Classified Number of Families with
Proband by Number of Cases of RA One Case of AS in the

in B Category Family (A + B Category)

0 1 2 3 4

Rheumatoid Arthritis.74 16 6 3 1 2
Control 84 16 0 0 0 2

TABLE D

FAMILIES WITH ANKYLOSING SPONDYLITIS

Number of Families Classified Number of Families with
Proband by Number of Cases of AS One or Several Cases of RA

in B Category in the Family (A + B Category)

0 1 2 3 4

Ankylosing Spondylitis .. 78 17 4 0 1 5I+
Control 99 1 0 0 0 19+ -

+ All with one patient with RA.
+ + Eighteen with one RA patient and one with two RA patients.
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ANNALS OF THE RHEUMATIC DISEASES
It follows from Table C that the B Category of the

RA Group has a significantly higher frequency of families
with RA than the B Category of the C Group (P =

0O0013); a similar conclusion is even more firmly true
for the AS Group (P <0 0001). An analysis of this
kind can hardly be carried out for the A Category.
Without further calculation it is obvious that the

frequencies of AS in the RA and C Groups are as high
as the frequencies of RA in the AS and C Groups.
Thus both RA and AS are characterized by familial

occurrence, and while families with RA show no in-
creased occurrence of AS, families with AS do show
an increased occurrence of RA. Since this conclusion
is based on a study of the B Category, most of the
members of which (uncles, aunts, grandparents) do not
live in the same house as the proband, this familial
occurrence must be explained by the existence of a
hereditary component for each condition separately.
The series is sufficiently comprehensive to venture an

estimate of the chance of clinical manifestation of each
disease both among members of the affected families
and among members of the C Group. The value of this
estimate of the frequencies of the two diseases investi-
gated is that it affords an impression of the order of
magnitude of the phenomenon. A "family" as defined
here broadly consists of two groups of non-consan-
guineous subjects, viz. the paternal relatives and the
maternal relatives; thus, if one or both diseases is
hereditary, the trait will usually prevail in only one of
the two branches, and the estimated probability is on
the low side.
Former investigations have revealed that clinical

symptomatic RA is found in a higher percentage of
females than of males, while the reverse is true for AS;
the above-mentioned probability therefore, must be
calculated for each sex separately. In the RA and the
AS Groups, moreover, the probability for male relatives
of a male proband and for female relatives of a female
proband, must be calculated separately for the A and B
Categories. This is because the A Category must always
include at least one sick person (i.e. the proband).
The manner of calculation and the separate results for
the A and the B Category will be discussed later. The
average probabilities are presented in Table E.
A comparison of the frequencies of RA in the RA

and C Groups can be used as a basis for a rough estimate
of the proportion of families in the Netherlands which
are affected by RA. For each sex the result obtained is
about one in three. A corresponding calculation for

AS can be made only for males, because this disease
did not occur in any female in either the C or the RA
Group. The result for males suggests that ankylosing
spondylitis occurs in only one out of seventeen Dutch
families.

Calculations

The probability of occurrence of one of the two
conditions equals the average frequency of the disease,
making the necessary correction (in the A Category)
for the fact that at least one patient (the proband) has
the disease.

(1) The probabilities in the C Group were calculated
by dividing the number of affected subjects of each sex

by the total number of subjects of that sex.

(2) The probability of RA in the AS Group and of
AS in the RA Group were calculated for each sex

separately in the manner indicated under (1).

(3) The probability of RA in the B Category in the
RA Group and of AS in the AS Group was calculated
for each sex as indicated under (1).

(4) In calculating the probability of RA and AS,
respectively, in the A Category, the fact that at least
one patient (the proband) is present in each family
can be allowed for in the following way:

Let p be the probability for the sex under investigation
in affected families. Consider all families affected with
k subjects in the A Category. The probability that such
a family is included in the investigation is (1 -(1 -p)k),
viz. the chance that at least one patient is included in
the A Category of this family inducts at least one patient.
The mathematical expectation of the number of patients
in a family of k subjects is kp. Therefore, the conditional
mathematical expectation of the number of patients,
provided that at least the proband is present (so that
the family is included in the investigation), is

kp
1-(I-p)k

Let the number of patients in the i-th family with k

TABLE E

AVERAGE PROBABILITIES

Average Probability of:

Group Rheumatoid Arthritis Ankylosing Spondylitis
Male Female Male Female

Rheumatoid Arthritis 0-013 0 035 0-0008 (0)
Ankylosing Spondylitis 0.004 0 008 0 024 0 012
Control 0.004 0*012 0 002 (0)
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HEREDITARY FACTORS II
subjects be aik, then equating the number found and the
expectation gives:

+ kp
aik Z I-(1-p)k

kp

V RHEUMATIC DISEASES 223

Since the maximal value ofp found in this investigation
was 0 03 (RA Group females), and since the maximal
value of k in women of the RA Group is 23, so that in
this least favourable case the value of the maximal term
omitted is only 0-010, there is no objection to breaking
off the series after the term with p.

kp + k(k-j)p' k(k-1)(k-2)p3 + ....) An estimate of p for the whole series is thus obtained
1! 2! 3! bytheequation:

=k-p..................... _ , k ia-j=- nk (I- j(k-I)p + *(k-l) (k-2)p2),
kp-ik(k-l)p2 + *k(k-l)k-2)p3-....

or

1= 1-i(k-l)p + *(k-l)(k-2)p2_....
aik

in which nk is the number of families with k subjects in
the A Category.

Table F presents the estimates of p obtained by the
four methods described above.

TABLE F

ESTIMATES OF PROBABILITY

Rheumatoid Arthritis Ankylosing Spondylitis
Group Category __-_.-

Male Female Male Female

A 0-016 0 030 _ _
Rheumatoid Arthritis B 0014 0047 - -

Entire Group - - 0-0008 (0)

A _ 0-021 0-026
Ankylosing Spondylitis B - _- 0017 0008

Entire Group 0-004 0-008 - -

Control .Entire Group 0 004 0 012 0 002 (0)

Facteurs h6r~ditaires dans l'arthrite rhumatismale et la
spondylarthrite ankylosante

RisUME
7.405 parents (jusqu'a et y compris les parents au

troisieme degr6) de 300 sujets (100 cas d'arthrite rhuma-
tismale, 100 cas de spondylarthrite ankylosante et 100
temoins normaux) furent examines pour rechercher
l'arthrite rhumatismale ou la spondylarthrite ankylo-
sante.
La frequence de l'arthrite rhumatismale parmi les

parents du groupe arthritique rhumatismal fut 2,8 fois
plus grande que parmi ceux du groupe temoin; la fre-
quence de la spondylarthrite ankylosante parmi les
parents du groupe spondylarthritique fut 22,6 fois plus
grande que parmi ceux du groupe temoin. La spondyl-
arthrite ankylosante fut aussi frequente dans le groupe
temoin. I1 en fut de meme pour l'arthrite rhumatismale
en relation a la spondylarthrite ankylosante. Par con-
sequent, autant l'arthrite rhumatismale que la spondyl-
arthrite ankylosante impliquent probablement un
mecanisme hereditaire dominant, sans linkage sexuel,
avec des differences de penetration entre les hommes et
les femmes.
On croit qu'un tiers de toutes les families hollandaises

se trouve affected par l'arthrite rhumatismale.

Factores hereditarios en artritis reumatoide
y espondilartritis anquilosante

SUMARIO
7.405 parientes (hasta e incluyendo el parentesco del

tercer grado) de 300 sujetos (100 con artritis reumatoide,
100 con espondilartritis anquilosante y 100 personas
normales) fueron examinados respecto a artritis reuma-
toide o espondilartritis anquilosante.
La frecuencia de la artritis reumatoide entre los

parientes del grupo con artritis reumatoide fue 2,8 mayor
que entre los del grupo testigo; la frecuencia de la espon-
dilartritis anquilosante entre los parientes del grupo con
espondilartritis due 22,6 veces mayor que entre los del
grupo testigo. La espondilartritis anquilosante fue tan
frecuente en el grupo de artritis reumatoide como en el
grupo testigo. Lo mismo fue observado respecto a la
artritis reumatoide en relaci6n con la espondilartritis
anquilosante. Tanto la artritis reumatoide como la
espondilartritis anquilosante implican, pues, probable-
mente un mecanismo hereditario dominante, sin enlace
sexual, con diferencias de penetraci6n entre machos y
hembras.

Se cree que una tercera parte de todas las familias
holandesas esta afectada por artritis reumatoide.
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