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Abstract
Objective-To investigate the risk of prostate,

ovarian, and endometrial cancer among relatives of
patients with breast cancer.
Design-Cohort study of 947 pedigrees in which

the proband had breast cancer, linked with the
Icelandic cancer registry.
Setting-Iceland.
Subjects-The 947 pedigrees included 29725

people, of whom 1539 had breast cancer, 467 had
prostate cancer, 135 ovarian cancer, -and 105
endometrial cancer.
Main outcome measures-Risk of prostate,

ovarian, and endometrial cancer among blood
relatives of women with breast cancer compared
with risk in spouses.
Results-The risk of prostate cancer was signifi-

candy raised for all relatives (1.5), first degree
relatives (14), and second degree relatives (1-3) of
women with breast cancer. Risk of ovarian cancer
was raised for all relatives (1.9) and first degree
relatives (1.9) and risk of endometrial cancer was
raised for all relatives only (1 9). The risk of prostate
cancer was raised if the proband with breast cancer
had a first degree relative with prostate cancer.
Conclusions-Coaggregation exists between

breast cancer and cancers of the prostate, ovaries,
and endometrium. This risk relation is probably
based on genes which act by increasing the risk for
cancer at these sites. Environmental factors that are
common among relatives may also play a part.
Continued research is required into pathophysio-
logical mechanisms that could explain these
observations.

Introduction
A cohort study using an Icelandic breast cancer

family resource has shown that, in conformity with
most published studies, female relatives of women
with breast cancer have an increased risk of developing
breast cancer.' The increased risk was found in all
relatives measured together, and in first, second, and
third degree relatives measured separately. We investi-
gated the cohort further to determine the risk of
prostate, ovarian, and endometrial cancer among
relatives of the women with breast cancer. We also
show a method for indicating the overall risk for
all relatives using values representing degree of
relatedness.

Subjects and methods
The Icelandic breast cancer family resource contains

947 pedigrees in which the proband is a woman with
breast cancer.' We determined cases of cancer occur-
ring during 1955-88 in family members bom during
1870 to 1939 who were aged 45 or older. Table I shows

that there were 9299 female relatives and 9278 male
relatives bom during 1870-1939 in addition to 10 201
people married into the families.
We avoided recall bias by obtaining the information

on which family members had cancer from a register of
all Icelandic people with cancer. A list of all family
members was crosslinked with the register by using a
unique personal identification number. Classification
bias was avoided by selecting the probands on the basis
of year of birth or year of diagnosis only, and by
defining in advance how far each pedigree should go.
The information for constructing the family tree
was obtained from existing records of the genetics
committee of the University of Iceland or from
published genealogies. The family members were thus
not asked about the structure of their family or about
cancer in the family.

STATISTICAL METHODS

The risk period for cancer was taken as 1955-88.
Each individual was assumed to be at risk from the
beginning of the period or from the age of 45,
whichever came later, until the end of 1988, death, or
diagnosis of cancer, whichever came first.

Observed cases of cancer and years of risk in family
members were classified according to sex, calendar
decades of birth (1870-1939), five year age intervals,
and degree of relatedness to the breast cancer proband
(first degree, second degree, third degree, and fourth
degree relatives, and spouse of a proband or a relative).
Classification was also done according to whether the
proband had a first degree relative with breast cancer or
prostate cancer, whether the proband had bilateral or
unilateral cancer, and whether her cancer was diag-
nosed before or after the age of 45.
Data were analysed by Poisson regression with the

package EGRET,2 and rate ratios and their 95%
confidence intervals were calculated. As the results
seemed to justify collapsing the degrees of relatedness
into one variable this was performed by using the
values shown in table III.
The expected number of cases of prostate cancer in

each type of relative was also calculated as a sum of
products of incidence figures for Iceland and number
of risk years. Both were classified according to five year
age groups and five year calendar periods.

Results
Risk ratios for breast, ovarian, endometrial, and

prostate cancer were first determined for five year age
groups with the age group 45-49 taken as the reference
range (table II). Risk ratios for decades of birth relative
to 1870-79 were then determined. These are also
shown in table II. The risk ratio was significantly
dependent on age group for all four types of cancer but
was dependent on decade of birth for only breast and
prostate cancer.
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Table III shows the risk ratios for first, second,
third, and fourth degree relatives compared with
spouses. The risk ratios were significantly raised for
ovarian cancer in first degree relatives; for prostate
cancer in first and second degree relatives; and breast
cancer in first, second, and third degree relatives.
Risk ratios for endometrial cancer were not raised for
separate degree relatives. Table III also shows overall
risk ratios for relatedness; the risk of all four types of
cancer was significantly raised.

Relatives of probands who had cancer diagnosed
when younger than 45 or probands with bilateral breast
cancer did not have a significantly increased risk of
prostate cancer.
Table IV shows the results of simultaneous testing

for increased risk of prostate cancer in second degree
and more distant relatives ofwomen with breast cancer
when the proband had first degree relatives with
prostate cancer or breast cancer. In both cases the risk
was significantly raised. The increase in risk of.breast
cancer associated with the proband having a relative
with breast cancer was significant only after correction
for relatives with prostate cancer. The relative risk of
prostate cancer in husbands of probands compared
with husbands of relatives of probands was 0-8 (95%
confidence interval 0 4 to 1-5).

In addition to the Poisson regression we calculated
the expected number of cases of prostate cancer (Table

TABLE I-Total number of people studied atnd nunmber of cases of
breast, ovarian, endonmetnral, and prostate cancer

No of cancer cases
No of
people Breast Ovary Endometrium Prostate

Probands 947 947
Male blood relatives 9299 321
Female blood relatives 9 278 545 96 76
Husbands ofprobands 656 11
Husbands of relatives 4 762 135
Wives of relatives 4783 165 39 29

Total 29725 1657 135 105 467

TABLE iI-Risk ratios for cancer (95% confidence intervals) according to age andyear of birth in relatives of
breast cancerprobands and spouses of relatives and probands

Site of cancer

Breast Ovary Endometrium Prostate

Age:
45-49 (reference) 1 1 1
50-54 1l8 (13 to 2-5) 2 7 (I 4 to 5 1) 4 3 (2 0 to 8 9) 6 3 (1 4 to 28 7)
55-59 2 5 (19 to 3-4) 2 5 (1 3 to 5 0) 2 5 (I 0 to6f0) 49 2 (1 3.8 to 1 76)
60-64 2 9 (2l1 to 3 9) 2 8 (1-4 to 57) 2 9 (12 to 7 3) 123 (34 to 449)
65-69 40 (28 to 56) 37 (18 to 76) 65 (27 to 156) 288 (79 to 1047)
70-74 4.8 (3 3 to 7 1) 3.7 (1l7 to 8 3) 10.3 (4 1 to 257) 666 (182 to 2434)
75-79 6.6 (4 3 to 10-0) 3 9 (1 6 to 9 5) 13 6 (5 3 to 35 0) 734 (199 to 2714)
80-84 7 1 (4 3 to 1 1 6) 6.8 (2-8 to 16-7) 1 1 1 (3 7 to 33 1) 1699 (459 to 6288)
-85 16.1 (100 to 258) 18 (04 to 89) 24 (03 to 208) 1921 (509 to 7246)

Year of birth:
1870-9 (reference) 1 1 1
1880-9 1 8 (0 8to4 1) 0-1 (0O to 1 5) 0 6 (0 1 tof60) 1 7 (0-8to3 3)
1890-9 1l9(0 9to4 2) 1l3 (0-3to5 8) 1l8(0 2to 13 6) 1l9(1 0to3 7)
1900-9 2 0 (0 9 to 4 4) 1-2 (0 3 to 5-5) 2 1 (0 3 to 16.4) 2 8 (1 4 to 54)
1910-9 4 0 (1l8 to 9 1) 1-4 (0 3 to 6 5) 1.9 (0 2 to 15 6) 4 3 (2-2 to 8 7)
1920-9 6 1 (2 6 to 14 2') 1 3 (0 3 to 6 4) 3.7 (0 4 to 31 3) 6.6 (3l1 to 14 2)
1930-9 3-8 (1 6 to 9 2) 0 8 (0-1 to 4-2) 1-9 (0 2 to 17 8) 8-4 (2-6 to 27 4)

TABLE III-Risk ratios for cancer (95% confidence intervals) in blood relatives of breast cancer probands
compared with risk in spouses of relatives

Site of cancer

Breast Ovary Endometrium Prostate

Spouses 1.0 1.0 1.0 1 0
1stDegree 2 3 (1 8 to 3 0) 1l9 (12 to 3 0) 1 7 (0 97 to 3-0) 1 4 (11 to 19)
2ndDegree 1 7(1-3to2 1) 1-2(07to19) 1l6(097to27) 1 3(1-0to 16)
3rdDegree 1 6(1 3to2 1) 0-8(05tol14) 09(0-5to1f6) 1.0(08to1-3)
4thDegree 1.5 (0 9to2 4) 2-1 (0 9to4 9) 0.9 (0 2to3 9) 1.1 (0 5to2-6)
Relatedness* 2 1 (1 7 to 2 7) 1.9 (1-2 to 3 1) 1.9 (1 1 to 3 2) 1 5 (1 1 to 1 9)

*Relatedness (kinship coefficientx 4) takes the following values: first degree relatives= 1, second degree relatives=
1/2, third degree relatives= 1/4, fourth degree relatives= 1/8, spouses of relatives and probands=0.

TABLE Iv-Risk ratios for prostate cancer in second, third, and fourth
degree relatives of breast cancer probands according to whether the
proband had afirst degree relative with cancer

Type of cancer in relative Risk ratio 95% Confidence interval

None (reference) 1-0
Prostate cancer 1 8 14 to 2 4
Breast cancer 1 3 1 0 to 1 7

'TABLE V-Observed anzd expected numbers of cases of prostate cancer
in relatives of breast cancer probands

Risk ratio
Observed Expected (95% confidence interval)

First degree relatives: 78 56-9 1 37 (1 09 to 1 71)
Father 37 25 5 1 45 (1 02 to 2 00)
Brother 35 27-1 1-29 (0 90to 1-79)
Son 6 4-3 140(0-51 to3 05)

Second degree relatives 156 131 8 1-18 (1-01 to 1 38)
Third degree relatives 81 86 0 0-94 (0 75 to 1 18)
Spouses ofprobands 11 13 3 0 83 (0-41 to 1 49)
Spouses ofrelatives 135 141 6 0 95 (0-80 to 1 12)

V). The risk of prostate cancer in spouses of the
proband's relatives was similar to that in the whole
population and the risk ratios for the various types of
relatives were comparable with those obtained by
Poisson regression. Spouses of probands have no
increased risk of prostate cancer.

Discussion
Our most important finding is that male relatives of

women with breast cancer are at excess risk of prostate
cancer, both when all relatives are taken together and
when first and second degree relatives are considered
separately. A case-control study based on data from an
American hospital found the same-that is, eight cases
of prostate cancer were found among relatives of
women with breast cancer (six fathers, one uncle, and
one brother) compared with one case among relatives
of control women (one father).3
Cannon et al studied 2824 men with prostate cancer

and age matched controls from the Utah Mormon
genealogy.4 They showed a significant clustering of
prostate cancer within families as well as significant
clustering of prostate cancer with breast cancer. Both
of these conclusions have been confirmed in this study.
A high incidence of prostatic cancer has been recorded
in Icelandic families with a history of breast cancer
(A Arason et al, personal communication). In two
families certain haplotypes on the chromosome 17q
seem to be linked to both prostate and breast cancer. In
families without linkage to that region, men with
prostatic cancer seem to pass on the risk of early onset
of breast cancer to their daughters.
Syndromes of familial aggregation of breast and

ovarian cancer, and of breast cancer and cancer at other
sites, have been described.`-9 A population based
case-control study (the cancer and steroid hormone
study) reported that the risk of ovarian cancer was
increased by 1-7 (95% confidence interval 1-0 to 2 9) in
first degree relatives of women with breast cancer."
The risk was subsequently shown to be confined to first
degree relatives and to be stronger in mothers than in
sisters." We found a weighted relative risk of 1-9 for
ovarian cancer, which was also confined to first degree
relatives.

Linkage studies of families in which members had
breast cancer diagnosed at a young age, and cancer of
the ovaries, suggested a linkage between a locus on
the long arm of chromosome 17 and risk of breast
cancer.9 12 1 The results were interpreted as indicating
monogenetic, dominant inheritance.
As can be seen in table III the Poisson regression

loses power when the data are divided into more and
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more classes. A significant increase in risk of endo-
metrial cancer is found for relatedness when all the
relatives are taken together but not for each type of
relative. The same applies to risk of prostate cancer
according to cancer in first degree relatives of the
probands. When second degree and more distant
relatives are divided into five classes according to
whether the proband had first degree relatives with
prostate, breast, ovarian, or endometrial cancer or
none, the only significant increase in risk was for
prostate cancer. When the categories considered were
restricted to prostate cancer, breast: ancer, and
neither, a significantly increased risk of breast cancer
was also found.
Body mass has been suggested as a confounding

factor. Body mass index has been reported to be a risk
factor for breast cancer4 or prostate cancer."' But in
Icelandic cohort studies it was not found a significant
risk factor for any of the cancer sites considered in this
study.'6"7 For breast cancer, however, both height and
weight independently *were positive risk factors, as
were body surface and lean body mass. General
lifestyle factors may affect husband and wife in a
similar way. We therefore tested whether the husbands
of the probands had an increased risk of prostate cancer
when compared with husbands of female relatives. No
indication of increased risk in husbands of probands
was found.
The results suggest that the familiality of breast

cancer is heterogeneous in that the increase in risk of
breast and prostate cancer in relatives of probands is
not confined to first degree relatives, as it is among
endometrial and ovarian cancer. The power of this
study to show an increased risk among second degree
relatives is considerably stronger for prostate cancer
than for ovarian cancer.
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Abstract
Objectives-To identify children with afebrile

seizures in a national cohort, classify the seizures,
and document progress in the first 10 years oflife.
Design-Population based birth cohort study.
Setting-The child health and education study,

which includes 16004 neonatal survivors (98/5% of
infants born in the United Kingdom during one week
ofApril 1970).
Subjects-14 676 children for whom relevant

information was available.
Main outcome measures-Responses to parental

and general practitioner questionnaires and hospital
records at 5 and 10 years after birth.
Results-84 children (42 boys, 42 girls) had had

one or more afebrile seizure (incidence 5.7/1000).
63 children (31 boys, 32 girls) had epilepsy (incidence
4.3/1000). 49 of 55 children had a second seizure
within a year of the first. The commonest seizure
types were tonic-clonic (42) and complex partial (25).
A greater proportion ofchildren with complex partial
seizures had recurrences. Children who had infantile
spasms or a mixed seizure disorder had a poor out-
come. All six children who died had symptomatic
seizures in the first year, but seizures were not the
direct cause ofdeath.

Conclusions-The results of this study are prob-
ably representative of seizure patterns in the
general population. Outcome after seizures is
determined more by the underlying disease than by
the seizures themselves.

Introduction
The child health and education study has pros-

pectively followed a cohort of 16 004 neonatal survivors
bom in one week in April 1970. Detailed clinical
information was obtained about children suspected of
having seizures. Only a few studies have been large
enough to obtain similar data about seizure disorders in
childhood.'4 This paper reports on the study children
who had had one or more afebrile seizures by 10 years
of age.

Subjects and methods
The child health and education study started as the

1970 British births survey.5 This survey enrolled
98-5% of the infants bom in the United Kingdom in
one week in April 1970; 13 135 (82%) of the survivors
were assessed at 5 years of age and 14 902 (93%) at 10
years. As part of both assessments the parents were
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