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Summarv In a previous study in France, we reported that the relative risk of breast cancer associated with a
familv histon- of breast cancer wvas higher in those subjects with a histonr of abortions. The present study was
undertaken to check the existence of this interaction in other studies and to investigate whether the interaction
is modified bv the time at which abortions occur. Data were obtained from six case-control studies in France.
Australia and Russia. with information on family historv of breast cancer and abortion for 2693 breast cancer
cases and 3493 controls. The interaction effect was estimated in each study separately. then combined using a
multivariate w-eighted average. The relative risk conferred by a family history of breast cancer increased with
the number of abortions (1.8 for no abortion. 1.9 for one abortion. 2.8 for two or more). There was a
significant interaction betw4een total number of abortions and family history (P= 0.04) but this was no longer

significant %vhen adjusted for other risk factors. The familial risk w-as highest for those who had had an
abortion before first childbirth (1.9 for abortion after first childbirth. 2.7 for abortion before first childbirth).
The adjusted risk associated with family history was significantly higher in those with an abortion before first
childbirth (P = 0.04). Our findings suggest a synergism between familial factors and abortion. The interaction
A-as not substantially modified by the type of abortion (spontaneous or induced) but was modified by the time
at Awhich it occurred in relation to first childbirth. This suggests an effect of abortion itself rather than
predisposition to abortion. Further studies of breast cancer cases. particularly among BRCA1 gene carriers
and their families, could improve our understanding of this effect.

Kev-vords: breast cancer: familial risk: induced abortion; spontaneous abortion

At present. there is no convincing evidence that abortion
affects risk of breast cancer. Some studies have found a

positive association between histors of abortion and breast
cancer. some a negative association and others no association
(Kelsev and Horm-Ross. 1993). Results from most studies
have been inconclusive. finding non-significant but suggestive
associations. The difficulty in detecting the risk associated
with abortion could be due to heterogeneity of the effect
among the studied populations: in particular. familial factors
may interact with histor' of abortion. Indeed. in a previous

study. we reported that the risk of breast cancer associated
w-ith a family historv of breast cancer increased in the
presence of a history of abortion (Andrieu et al.. 1993). This
interaction was statistically significant. Among women With-
out a family historN- of breast cancer. no increased risk
associated with abortion was observed. whereas among

women with a family history of breast cancer. risk was

increased 2-fold. The familial risk seemed to increase

similarlY for spontaneous and induced abortions. The

interaction of family history of breast cancer and abortions
or miscamages has been examined only by two other studies
(Parazzini et al.. 1992: Sellers et al.. 1993). Of these studies.
one found an increased risk of breast cancer associated with
spontaneous abortion among women with a family history of
breast cancer (RR = 1.9) (Parazzini et al.. 1992). while the
other found no association (Sellers et al.. 1993).
Although the reported significant interaction effects

between familial factors and abortion may be a chance obser-

vation (Smith and Day. 1984). there is a plausible biological
mechanism indicating that further investigation is worthwhile
(Andrieu et al.. 1994). Specifically. it is of interest to check
whether the interaction is present in studies from other
environments. and to ensure that the sample size is sufficient
to allow identification of the interaction (Smith and Day.
1984). We therefore decided to perform a combined analysis
(using the raw data rather than published data) on six

case-control studies. from various countries. The aim was to
investigate the existence of the interaction and to investigate
the effect of abortion before and after first full-term preg-
nancy through a study of modifications of the familial nrsk
due to abortions.

Materials and methods

The analysis included case-control studies from three coun-

tries. France. Australia and Russia. These data sets were
chosen because they had information on family history of
breast cancer and abortion. For all studies. family history of
breast cancer was recalled by the subjects. Information on

abortion history and on family' history of breast cancer was

not verified from medical records. The present analysis
included 2693 breast cancer cases and 3493 controls. No
family history in this exercise includes unknown family his-
tory. Most studies in the combined analysis have been pub-
lished. The studies are brieflN- described in Table I. and the
main design features are presented below.

L} et al. z 1984k

This was a multicentre case-control study perfor-med in

France between 1981 and 1984 to investigate the relationship
between oral contraceptive use and the risk of breast cancer.
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Cases were between 20 and 45 years of age. with a his-
tologically verified breast carcinoma diagnosed less than a
year before the interview. Each case was matched with one
control with respect to hospital, date of interview and age.
This control was chosen from patients with non-malignant
diseases, excluding benign breast disease and severe or
moderate cervical dysplasia. Information was recorded on the
occurrence of breast cancer in the family (sisters, mother,
aunts and grandmothers) and the number of sisters and
aunts.

Richardson et al. (1991)

This was a case-control study carried out in Montpellier
(France) which focused on nutritional factors. Subjects were

interviewed between 1983 and 1987. Cases were aged between
26 and 66 years old with histologically confirmed primary
carcinoma of the breast who were hospitalised in the Mont-
pellier Cancer Institute and had not previously undergone
any therapy. Controls were women of the same age range
admitted for the first time into three different wards:
neurology and neurosurgery and general surgery. These
women were attending for a first diagnosis and hence were
not being currently treated for chronic diseases. Information
was recorded on the occurrence of breast cancer in the family
(sisters, mother and aunts) and the number of sisters and
aunts.
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Clavel et al. (1991)
The data were obtained from a case-control study in five
French public hospitals between 1983 and 1987 to investigate
the relationship between oral contraceptive use and the risk
of breast cancer. Cases were between 20 and 56 years of age;
they had a histologically confirmed infiltrating or in situ
breast carcinoma. Three types of controls were eligible for
each case: friends or colleagues, patients hospitalised for a
non-malignant disease (except endocrinological diseases) and
patients hospitalised for a malignant disease. The critenra for
matching controls to cases were the centre, age at interview
(± 5 years) and year of interview (± 14 months). Each case
and her matching controls were interviewed by the same
interviewer. The 111 controls with a malignant disease were
excluded from the present analysis and the matching broken.
Information was recorded on the occurrence of breast cancer
in the family (sisters, mother, aunts and grandmothers) and
the number of sisters and aunts.

Luporsi (1988)

This was a case-control study performed in Nancy Cancer
Institute (France) between 1985 and 1987 to investigate the
relationship between familial factors, alcohol, tobacco and
obesity and the risk of breast cancer. Cases were between 24
and 83 years of age, with a histologically confirmed

Table I Studies included in the combined analysis

Nwanber of Number of Age at Time of
Stud! Country cases controls interview interview

L et al. (1984) France 265 265 22-46 1982-84
Richardson et al. (1991) France 450 603 21-66 1983-87
Clavel et al. (1991) France 495 785 20-56 1983-87
Luporsi (1988) France 406 812 24-83 1985 -87
Rohan et al. (1988) Australia 451 451 20-74 1982 -84
DG Zaridze et al. (unpublished) Russia 626 577 23-82 1992-94

Total 2693 3493

Table II Relative risk of breast cancer associated with the number of abonions

Number of
Stud} abortions Cases Controls RRa 95% CI
Le et al. (1984) 0 141 155 1

1 73 65 1.3 0.8-2.0
.2 51 45 1.5 0.9-2.5

Richardson et al. (1991) 0 309 393 1
1 79 117 0.8 0.6-1.1

.2 59 85 0.9 0.6- 1.3
Unknown 3 8 - -

Clavel et al. (1991) 0 325 517 1
1 106 172 1.0 0.7- 1.3

.2 64 96 1.1 0.7-1.5

Luporsi (1988) 0 277 564 1
1 98 177 1.2 0.9- 1.6

> 2 31 71 0.9 0.5- 1.4
Rohan et al. (1988) 0 328 345 1

1 86 73 1.3 0.9- 1.8
> 2 37 33 1.2 0.7-2.0

DG Zaridze et al. (unpublished) 0 139 102 1
1 112 101 0.8b 0.6-1.2

. 2 374 372 0.7b 0.5-1.0
Unknown 1 2

Combined data' 0 1380 1974 1
1 442 604 1.1 0.9- 1.2

.2 242 330 1.1 0.9-1.3
aAdjusted for age at interview, age at menarche, age at first child, number of children.

menopausal status and family history of breast cancer. bCrude odds ratios. cCombined
analysis performed on the five sets of data for which variables for adjustment were available.
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infiltrating breast carcinoma. Controls were women admitted
into general surgery or general medicine wards. These women
were examined to eliminate a diagnosis of cancer. Controls
were matched to cases by age at interview (± 3 years), living
area and occupational status. Each case was matched to two
controls. Information was recorded on the occurrence of
breast cancer in the family (sisters, mother, aunts and grand-
mothers) and the number of sisters and aunts.

Rohan et al. (1988)
This was a case-control study in South Australia. The cases
were obtained from the population-based South Australian
Central Cancer Registry between 1982 and 1984 to inves-
tigate the relationship between dietary intake and the risk of
breast cancer. Cases were between 20 and 74 years of age,
with a histologically verified first diagnosis of breast car-
cinoma. For each case. one control was selected at random
from the electoral roll from among women of approximately
the same age as that of the case at diagnosis. Study subjects

were interviewed in their homes by trained interviewers. In
addition to information on usual dietary intake, information
on family history of cancer in sisters, mother and grand-
mothers was recorded. For the present study. information
about first-degree relatives only was provided.

DG Zarid-e et al. (unpublished)
The data were obtained from an ongoing case-control study
being carried out in Moscow (Russia), which is focusing on

diet, alcohol consumption and reproductive factors. Subjects
were interviewed from 1992 to 1994. Cases were aged
between 23 and 82 years old with histologically confirmed
primary carcinoma of the breast and were recruited from
four Moscow hospitals. Controls were women with minor
non-chronic complaints registered in primary care polyclinics
in Moscow. Information was recorded on the occurrence of
breast cancer in the family (sisters, mother, aunts and grand-
mothers). Adjustment variables were not available for this
analysis.

Table III Relative risk of breast cancer associated with abortion according to the nature of
the abortion

Number of
Studs abortions Cases Controls RR'a 95% CI

Le et al. (1984) No abortion 141 155 1
Spontaneous

1 36 43 1.0 0.6- 1.8
> 2 16 19 1.3 0.6-2.8

Induced
1 50 41 1.2 0.7-2.1
>2 31 21 1.9 1.0-3.6

Richardson et al. (1991)

Clavel et al. (1991)

Luporsi (1988)

Rohan et al. (1988)

DG Zaridze et al. (unpublished)

Combined datae

No information

No abortion
Spontaneous

2
Induced

2

No abortion
Spontaneous

2
Induced

I
>2

No abortion
Spontaneous

2
Induced

2

Spontaneous

>2
Induced

ol
>2

No abortion
Spontaneous

2
Induced

2

325

79
28

62
21

277

83
27

21
5

328

517 1

135 1.0
52 0.9

75 1.3
31 1.0

564 1

164 1.0
62 0.9

26 1.8
7 1.9

345 1

0.7-
0.5-

0.9-

0.6-

0.8-
0.5-

1.0-
0.5-

-1.3
-1.4

1.9

-1.8

-1.4
-1.4

-3.5
-6.9

74 72 1.1 0.8- 1.6
30 28 1.2 0.7-2.0

18 7 2.7 1.1-6.7
4 2 2.2 0.4- 12.0

521
87
18

162
123
340

1071

490 1
72 1. C

14 1.2c

125 1
% lff
354 0.7c

1581 1

0.8-1.6
0.6-2.4

0.7-1.4
0.6-1.0

272 414 1.0 0.9- 1.2
101 161 1.0 0.8- 1.3

151 149 1.5 1.1 -1.9
61 61 1.3 0.9- 1.9

'Adjusted for age at interview, age at menarche, age at first child, number of children,
menopausal status and family history of breast cancer. bIncluding induced only. cCrude odds
ratios. dIncluding spontaneous only. 'Combined analysis performed on the four sets of data
for which variables for adjustment were available.



Statistical methods

In the first stage of the analysis, each study was analysed
separately using an unconditional or conditional logistic
model according to the study design. Both crude and
adjusted analyses, taking into account age at interview, age
at menarche, number of children, age at first childbirth and
menopausal status (plus family history when the main effects
of abortion were studied), were performed. In the combined
analysis, the relative risk estimates were combined by taking
a multivariate weighted average. This method allows the
point and interval estimates of relative risks to be obtained
and provides tests of the effects on risk and tests of
heterogeneity from study to study. Mathematical details are

given elsewhere (Ewertz et al., 1990).
For each study, in order to examine interactions of family

history with abortion variables (number, type and time), the
risk of a family history of breast cancer was calculated
separately in each stratum of the abortion factor. In order to

Beast ranrr abaro andh i Xsk
N Anrdneu et a

747
test the interaction, a chi-square homogeneity test was per-
formed companrng the difference between the deviance of the
above model and that of a model in which the familial risk
was assumed the same in all strata. In the combined analysis,
the interaction was tested as the statistical significance of the
weighted average of the interaction terms (Breslow and Day.
1980; Ewertz et al., 1990). Interactions with trends in quan-
titative variables were performed.

Results

Firstly, main effects of abortion and family history were
investigated. Table II shows the main effect of all abortions,
Table III the effect according to the nature of the abortions
and Table IV the effect according to the time of the first
abortion in relation to the first childbirth. The main effect of
abortion (Table II) was adjusted for age at interview, age at

Table IV Relative nrsk of breast cancer associated with abortion according to the time of the first abortion
in relation to the first childbirth pregnancy

Study Tine offirst abortion Cases Controls RR' 95% CI
L et al. (1984) No abortion 141 155 1

After first full-term 72 63 1.4 0.9-2.2
Before first full-term 52 47 1.3 0.8-2.1

Richardson et al. (1991) No abortion 311 396 1
After first full-term 93 127 0.9 0.7- 1.3
Before first full-term 36 61 0.7 0.4-1.1
Unknown 10 19 - -

Clavel et al. (1991) No abortion 325 517 1
After first full-term 108 171 1.0 0.8-1.4
Before first full-term 62 97 1.0 0.7- 1.4

Luporsi (1988) No abortion 277 564 1
After first full-term 92 193 1.1 0.8-1.4
Before first full-term 37 55 1.2 0.6-2.2

Rohan et al. (1988) No abortion 328 345 1
After first full-term 77 70 1.2 0.9- 1.8
Before first full-term 42 33 1.3 0.8-2.1
Unknown 4 3

DG Zaridze et al. (unpublished) No information

Combined data No abortion 1382 1977 1
After first full-term 442 624 1.1 0.9- 1.2
Before first full-term 229 293 1.0 0.9-1.3
Unknown 14 22 -

'Adjusted for age at interview, age at menarche, age at first child, number of children, menopausal status
and family history of breast cancer.

Table V Main effect of family history of breast cancer on breast cancer risk

Famril
Study history Cases Controls RI?'a 95% CI
L et al. (1984) No 203 227 1

YeSb 62 38 1.8 1.1 -2.9

Richardson et al. (1991) No 397 567 1
Yesc 50 28 2.8 1.7-4.5

Clavel et al. (1991) No 396 674 1
YeSb 99 111 1.5 1.1-2.1

Luporsi (1988) No 327 742 1
YeSb 79 70 2.8 1.9-4.1

Rohan et al. (1988) No 410 424 1
Yesd 41 27 1.7 1.0-2.8

DG Zaridze et al. (unpublished) No 558 554 1
yesb 67 21 3.2c 1.9-5.2

Combined data No 2291 3188 1
Yes 398 295 1.9 1.6-2.3

'Adjusted for age at interview, age at menarche, age at first child, number of children.
menopausal status. Family history of breast cancer is positive when at least one cancer
occurred among: bSiSters, mother, aunts and grandmothers; csisters, mother and aunts;
dsisters, mother. 'Crude odds ratios.
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menarche. age at first childbirth. number of children,
menopausal status and family history of breast cancer (except
for the Russian study, for which variables for adjustment
were not available). In all studies there was no effect of
abortion (induced and spontaneous abortion considered
together). The combined analysis confirmed this observation
with an odds ratio of 1.1 (95% CI 0.9-1.2) for one abortion
and 1.1 (95% CI 0.9-1.3) for two or more abortions.

There was no effect of spontaneous abortion (Table III).
Significant point estimates were observed in three out of five
studies for induced abortions. The point estimates of relative
risk varied from 0.7 (DG Zaridze et al., unpublished) to 2.7
(Rohan et al.. 1988). The combined analysis showed an
increased risk associated with experiencing one induced abor-
tion, with an odds ratio of 1.5 (95% CI 1.1-1.9).
The relative risk of breast cancer associated with abortion

was investigated according to the time of the first abortion in
relation to first childbirth (Table MV). No difference in the
risk of breast cancer was observed according to the time of
first abortion. in individual studies or in the combined
analysis.
The main effect of a family history of breast cancer is

shown in Table V. The effect was significant in all studies.
The odds ratio associated with a family history of breast
cancer estimated from the combined analysis was 1.9 (95%
CI 1.6-2.3).
The odds ratio associated with a family history of breast

cancer increased as the number of abortions increased (Table
VI) in five of the six studies. The combined analysis
confirmed this, with an odds ratio associated with family
history of 1.9 (95% CI 1.3-2.8) in those with one abortion
and 2.8 (95% CI 1.7-4.7) in those with two or more abor-
tions. The interaction was significant (P = 0.04) in a crude
analysis but not when adjusted for age, age at menarche, age
at first birth, number of children and menopausal status.

Similar results were obtained for spontaneous and induced
abortions separately (Table VII). Table VIII shows the varia-
tion of the familial risk according to when the first abortion
occurred in relation to the first childbirth. In four out of five
studies. the familial risk was the highest when the first abor-
tion occurred before the first childbirth. Within individual

studies, the interaction was significant (P = 0.03) in the Aust-
ralian study. This was confirmed in the combined analysis
where the odds ratio was 1.9 (95% CI 1.3-2.8) when the first
abortion had taken place after the first childbirth and 2.7
(95% CI 1.6-4.6) when the first abortion had taken place
before the first childbirth. In the combined adjusted analysis
there was a significant interaction between family history of
breast cancer and abortion before first childbirth (P= 0.04).

In this study, we have chosen to present results as the
effect of a family history stratified by the number, the nature
or the time in relation to the first childbirth of the abortions.
Indeed, we were interested by the modifications of the
familial risk due to abortions. However, these results can be
considered conversely as the effect of abortion stratified by
family history and the results of the combined analyses are
shown in Table IX.

This study found no effect on the risk of breast cancer of the
total number of abortions, the number of spontaneous abor-
tions or the time of abortion occurrence. However, in three
studies and subsequently in the combined analysis, we found
a significant increase in risk of breast cancer associated with
induced abortion. These increases in risk were found in the
two studies in which the proportion of subjects reporting
induced abortion was the lowest (Luporsi, 1988, 4%; Rohan
et al., 1988, 2%). and in one study in which the proportion
was average (Le et al., 1984, 23%). In the other studies, in
which the proportion reporting induced abortion was 14%
(Clavel et al., 1991) and 78% (DG Zaridze et al., unpub-
lished), no increased risk was found. There is no obvious
explanation for this discrepancy. A partial explanation is that
induced abortion might be confounded with other risk fac-
tors in studies in which induced abortion is rare. The recent
interview by Kelsey and Horm-Ross (1993) highlights the
disparate results among studies concerning the association of
abortions (spontaneous and induced) with breast cancer.
Some studies have found a positive association, some a
negative association and others have found no association

Table VI Relative risk of breast cancer associated with a family history of breast cancer by number of abortions

Without family With family
Nunber of histor- histonr

Stud! abortions Cases Controls Cases Controls RR' 95% CI P' RR 95% CI PI
L et al. (1984) 0 106 129 35 26 1.7 1.0-3.2 1.6 0.8-3.0

1 58 58 15 7 2.2 0.8 -5.7 NS 2.1 0.7-5.9 NS
>-)2 39 40 12 5 2.4 0.8-7.5 2.1 0.7-6.9

Richardson et al. (1991) 0 280 376 29 17 2.3 1.2-4.3 2.5 1.3-4.8
1 67 110 12 7 2.8 1.1-7.5 NS 3.2 1.2-8.5 NS

.2 50 81 9 4 3.7 1.1-12.5 3.5 1.0-12.4
Unknown 3 7 0 1 - -

Clavel et al. (1991) 0 266 445 59 72 1.4 0.9-2.0 1.3 0.9-2.0
1 87 146 19 26 1.2 0.6-2.4 NS 1.2 0.6-2.3 0.08

.2 43 83 21 13 3.1 1.4-6.8 3.5 1.6-7.8
Luporsi (1988) 0 222 516 55 48 2.8 1.8-4.4 3.0 1.9-4.7

1 80 162 18 15 2.6 1.2-5.5 NS 2.6 1.2-5.6 NS
. 2 25 64 6 7 2.1 0.7-7.0 2.1 0.6-7.0

Rohan et al (1988) 0 303 325 25 20 1.3 0.7-2.5 1.4 0.8-2.7
1 76 69 10 4 2.3 0.7-7.6 NS 2.2 0.7-7.5 NS

.2 31 30 6 3 1.9 0.4-8.5 2.2 0.5-9.5
DG Zaridze et al. (unpublished) 0 127 98 12 4 2.3 0.7-7.4

1 102 98 10 3 3.2 0.9- 11.9 NS
.2 329 358 45 14 3.5 1.9-6.5 No information

Unknown 0 2 1 0 - -
Combined data 0 1304 1889 215 187 1.8 1.4-2.2 1.8 1.4-2.2

1 470 643 84 62 2.0 1.4-2.9 0.04 1.9 1.3-2.8 NS
.2 517 656 99 46 3.1 2.1-4.5 2.8 1.7-4.7

'Crude odds ratios. test for interaction between family history and number of abortions. 'Adjusted for age at interview. age at menarche, age at
first child. number of children and menopausal status.
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Table VII Relative risk of breast cancer associated with a family history of breast cancer by the nature and number of abortions

Without family With family
Number of history historn

Studs abortions Cases Controls Cases Controls RR' 95% CI PF R' 95% CI PI
L et al. (1984) No abortion 106 129 35 26 1.8 1.0-3.3 1.6 0.8-3.1

Richardson et al. (1991)

Clavel et al. (1991)

Luporsi (1988)

Rohan et al. (1988)

DG Zaridze et al. (1994)

Combined data

Spontaneous

2
Induced

I

No abortion
Spontaneous

2
Induced

I
2

No abortion
Spontaneous

2
Induced

I
2

No abortion
Spontaneous

2
Induced

I
2

Spontaneous

2
Induced

2

Spontaneous'
0

2
Induced'

0

2

30
12

39
24

39
17

37
18

266 445

59 116
21 3

51 63
12 27

222

69
21

16
5

516

148
56

25
7

6 4 2.1
4 2 3.2

11 4 2.4
7 3 1.7

No data

59 72 1.4

20 19 2.1
7 7 2.1

11 12 1.1
9 4 5.1

0.5-
0.5-

0.7-
0.4-

0.9-

1.0-
0.7-

0.5-
1.3-

8.1
-21.6

8.3
7.6

-2.0

-4.2
6.9

-2.8
19.7

55 48 2.6 1.7-4.1

14 16 2.1 0.9-4.6
6 6 2.5 0.7-8.6

5 1
0 01

303 325 25 20 1.3

65 68 9 4 2.4
24 25 6 3 2.1

NS 2.9
2.5

NS 1.9
1.4

1.4

NS 2.0
2.3

NS 1.3
5.3

0.7-12.0
0.4-17.8

0.5-7.1
0.3-7.0

0.9-2.0

1.0 -4.2
0.7-7.6

0.5-3.3
1.3-21.3

2.7 1.7-4.3

NS 2.1 0.9-4.7
2.4 0.7-8.8

7.2 0.8-67.7 NS 5.0 0.5-50.6 NS

0.7-2.5

0.7-7.6
0.5-9.3

1.4
NS 2.3

2.3

0.8-2.6
0.7-8.1
0.5- 10.3

21 9 1 0
0 0 0 0

468
73
17

147
113
298

897
223
78

372
90
36

471
72
12

119
93

342

53
14

l

15
10
42

1415 174
371 49
101 23

574
100
45

94
22
16

19
0
2

6
3

12

166
43
18

98
16
7

2.8

7.0

2.0
2.7
4.0

1.7
2.0
2.3

1.5
1.5
2.9

1.6-4.8

1.6-31.5

0.8-5.4
0.7- 10.3
2.1 -7.8

1.4-
1.3-
1.2-

1.1 -

0.7-
1.1 -

-2.2
-3.2
-4.7

-2.0
-3.0
-8.0

NS No information

NS

1.7
NS 2.0

2.4

1.4
NS 1.6

3.1

1.3-2.1
1.3 -3.1
1.2-4.9

1.0-

0.8-
1.1-

-1.9

-3.4
-8.5

'Crude odds ratios. 'Test for interaction between family history and number of spontaneous and induced abortions. cAdjusted for age at interview,
age at menarche, age at first child, number of children, menopausal status. dIncluding induced only. 'Including spontaneous only. 'Performed on four
studies: Le et al. (1984), Clavel et al. (1991), Luporsi (1988), Rohan et al. (1988). gPerformed on two studies: Le et al. (1984), Clavel et al. (1991).

between abortion and breast cancer. One US study recently
found that induced abortion could be involved in the
aetiology of breast cancer (Daling et al., 1994), although
these results are still controversial (Rosenberg, 1994).
When the interaction was investigated, an increasing

familial risk was found with increasing number of abortions
in four out of five data sets. Similar results were obtained for
spontaneous and induced abortion separately. When the
familial risk was stratified by time of the first abortion in
relation to first childbirth, a significantly increased familial
risk was found when the first abortion was before the first
childbirth. Most other interaction tests were not significant,
suggesting the usual lack of power, even with large sample
sizes, to detect interactions. It would have been interesting to
look at the time of abortion relative to the time of first birth
separately for spontaneous and induced abortions. Unfor-
tunately, the number of cases was not large enough to per-
form such a double stratification in the interaction study.

In the crude combined analysis in which the familial risk
was stratified by the number of abortions, the statistical
significance of the interaction is not easily interpretable.

Indeed, this analysis included the set of data (Clavel et al.,
1991) used in our previous study which generated the present
study. We have performed combined analyses excluding the
data set of Clavel et al. (1991). The statistical significance of
the interaction of the familial relative risk with the number of
abortions disappeared in the crude analysis. However, the
point and interval estimates of familial relative risks still
increased with the number of abortions increased (2.0
(1.6-2.7) for no abortion, 2.6 (1.7-4.0) for one abortion, 3.0
(2.0-4.7) for two or more abortions).

Because few women had experienced induced abortion in
the studies of Rohan et al. (1988) and Luporsi (1988), the
previous combined analysis, performed to estimate the
familial relative risks according to the number of induced
abortions, was done with only two data sets, those of Le et
al. (1984) and Clavel et al. (1991). Therefore when the data
set of Clavel et al. (1991) is excluded, there is only one
remaining.
The adjusted point and interval estimates of familial risks,

according to the number of spontaneous abortions, and ac-
cording to the time of first abortion relative to first birth
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NS

NS

NS

NS

NS

NS

NS

0
0

3
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Table VmII Relative risk of breast cancer associated with a family history of breast cancer by time of first abortion in relation to the first full-term

pregnancy

Without family With fanily
Time of historn historn

Study first abortion Cases Controls Cases Controls RRa 95% CI P1 RK 95% CI pb
L et al. (1984) No abortion 106 129 35 26 1.7 1.0-3.2 1.6 0.8-3.0

After first full-term 58 57 14 6 2.4 0.8-7.0 NS 2.3 0.7-7.3 NS
Before first full-term 39 41 13 6 2.2 0.8-6.3 2.1 0.7-6.2

Richardson et al. (1991) No abortion 280 376 29 17 2.4 1.3-4.4 2.6 1.4-5.0
After first full-term 81 121 12 6 3.0 1.1-8.3 NS 3.4 1.2-9.7 NS
Before first full-term 28 57 8 4 4.1 1.1-14.7 3.9 1.1-14.7
Unknown 11 20 1 2 - - - -

Clavel et al. (1991) No abortion 266 445 59 72 1.4 0.9-2.0 1.3 0.9-2.0
After first full-term 82 144 26 27 1.6 0.9-3.1 NS 1.7 0.9-3.2 NS
Before first full-term 48 85 14 12 2.1 0.9-4.8 2.2 1.0-5.1

Luporsi (1988) No abortion 222 516 55 48 2.8 1.8-4.3 3.0 1.9-4.7
After first full-term 75. 175 17 18 2.3 1.2-4.7 NS 2.3 1.1-4.7 NS
Before first full-term 30 51 7 4 2.5 0-5-12.3 2.9 0.6-15.0

Rohan et al. (1988) No abortion 303 325 25 20 1.3 0.7-2.5 1.4 0.8-2.7
After first full-term 71 65 6 5 1.0 0.3-3.8 0.03 1.2 0.3-4.0 0.03
Before first full-term 32 32 10 1 10.0 1.2-82.8 10.6 1.3-88.0
Unknown 4 2 0 1 - - - -

DG Zaridze et al. No information
(unpublished)

Combined data No abortion 1177 1791 203 183 1.8 1.4-2.2 1.8 1.4-2.2
After first full-term 367 562 75 62 2.0 1.4-2.8 NS 1.9 1.3-2.8 0.04
Before first full-term 177 266 52 27 2.7 1.6-4.5 2.7 1.6-4.6
Unknown 15 22 1 3 - -

'Crude odds ratios. 'Test for interaction between family history and abortion before first childbirth. cAdjusted for age at interview. age at menarche.
age at first child, number of children and menopausal status.

Table IX Relative risk of breast cancer associated with the number, the
nature and the time in relation to the first childbirth pregnancy of
abortion according to the existence of a family history of breast cancer

from the combined analyses
Without familvy With family

history history
RR" 95% CI RA 95% CI P

Number of abortions
0 1 - 1 -
1 1.1 0.9-1.2 1.1 0.7-1.7

> 2 1.0 0.8-1.2 1.6 0.9-2.6 NS
Nature of the abortions
No abortion 1 - I
Spontaneous

1 1.0 0.8- 1.2 1.2 0.7-1.9
> 2 0.9 0.7-1.3 1.4 0.7-2.6 NS

Induced
1.3 0.9-1.8 1.5 0.9-2.4

)2 1.1 0.7-1.8 2.4 0.9-6.1 NS
Time of the first abortion in

relation to first childbirth
No abortion 1 - I
After first full-term 1.1 0.9-1.2 1.1 0.8-1.8
Before first full-term 1.0 0.8-1.2 1.5 0.9-2.5 0.04

aSignificance of interaction. bAdjusted for age at interview, age at
menarche, age at first child, number of children, menopausal status.

were similar to those observed in the combined analyses
including the data set of Clavel et al. (1991). These estimates
are 1.9 (1.4-2.7) for no spontaneous abortion, 2.1 (1.1-3.8)
for one spontaneous abortion, 2.5 (1.0-5.9) for two or more
spontaneous abortions, 2.1 (1.6-2.7) for no abortion, 2.1
(1.3-3.4) for first abortion after first birth and 3.3 (1.6-6.5)
for first abortion before first birth. Like the effect of total
number of abortions, the statistical significance of the
interaction with the time of the first abortion disappeared.
The differences in the significance may therefore be due to
the reduction in the number of cases.

Two studies were characterised by a younger age range
because the aim of these studies was to determine the effect
of oral contraceptive use on breast cancer risk in young
women. The aim of the four others was to determine the
association between diet and breast cancer. This difference in
age range does not seem to be a problem in our study.
Adjustment for age was performed in the adjusted analyses
and the results seem to hold for both groups of studies.
The measurement of family history of breast cancer was

not homogeneous from study to study. Four studies recorded
information in first- and second-degree relatives (Lk et al.,
1984; Luporsi, 1988; Clavel et al., 1991; DG Zaridze, unpub-
lished). One study recorded information in first- and second-
degree relatives but not in grandmothers (Richardson et al.,
1991), and one study in first-degree relatives (Rohan et al.,
1988). Therefore the risk estimated from combined analysis
measured the familial risk of breast cancer without a precise
definition of the familial relationship. The heterogeneity in
the method of measuring family history might have induced
errors in the interaction estimation if genetic susceptibility
differs according to the type of familial relationship with an
affected relative, and if the abortion effect differs according
to the type of genetic susceptibility. The occurrence of both
conditions is necessary for there to be errors in the estima-
tion of the interaction term. Byrne et al. (1991) found that
different factors could modify in different directions the
effects of an affected mother and the effects of an affected
sister. However, as abortions were not studied by Byrne et al.
(1991), this sheds no light on the possible error. Thus, further
studies could be performed in order to investigate the varia-
tion of the interaction according to the type of familial
relationship of affected relative.
No family history in this exercise included unknown family

history. This measurement of family history of breast cancer
could bias the results if cases were more aware of such a
history than controls. In several studies, however, cases and
controls had a similar proportion of relatives with an un-
known cancer status and this proportion is small (among
first-degree relatives: Lk et al.. 1.5%; Richardson et al.. 3%;
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Clavel et al., 2%; Luporsi. 3%). Moreover. Go et al. (1983).
in a study which involved contacting relatives or reviewing
records to verify reports. found no difference between the
accuracy of reports from women who themselves had had
breast cancer and those who had not. Also, although this
bias might affect the estimation of the relative nrsk for the
main effect of family history, there is no reason to assume
that it would vary according to the number of abortions, the
time of abortions or the type of abortions.
The corresponding bias (Lindefors-Harris et al.. 1991)

caused by cases being more aware of the abortions than
controls might explain the increased nrsk of breast cancer
found in some studies for induced abortions (Le et al.. 1984;
Luporsi, 1988; Rohan et al.. 1988) but, again. there is no
reason to assume that this bias would vary according to the
existence or not of a family history of breast cancer.
The interaction of a family history of breast cancer with

abortions or miscarriages has been examined by two other
independent studies (Parazzini et al.. 1992: Sellers et al..
1993); one found an increased risk associated with spon-
taneous abortion only (Parazzini et al.. 1992).

Using another study design. two studies have investigated
the effect of abortions on breast cancer by comparing cases
with blood-related controls. In the first study, we compared
(Andrieu and Demenais. 1994) 160 cases with sister controls
and showed that the relative risk associated with the number
of abortions increased (spontaneous and induced). Moreover,
the relative risk was 1.5 times higher than the one estimated
by using unrelated controls. In the second study. Laing et al.
(1994) analysed 138 pairs of cases/sister controls and showed
an increase in breast cancer risk associated with both spon-
taneous and induced abortions. Although the amplitude of
the two relative risks was similar, only the relative risk
associated with induced abortion was significant. In that
study, comparison with unrelated controls has also been
done and no increased risk has been found. Thus, the relative
risks with respect to abortion history differ according to the
type of controls (blood-related control or unrelated control).

suggesting an interaction between family history of breast
cancer and history of abortion.

In our study. the risk associated with a family history
increased for both spontaneous and induced abortions and
especially when abortion occurred before the first childbirth.
These findings suggest firstly an effect of abortion itself
rather than predisposition to abortion and secondly an effect
of the time when abortion occurs. Our previous hypothesis
seems to fit well with the results. This hypothesis is that
abortion may be a catalytic event which exacerbates an
existing familial risk of breast cancer. Indeed. the first 3
months of a pregnancy (especially of the first pregnancy) is a
period during which undifferentiated cells increase in the
breast tissue. If, because of abortion. the first trimester is not
followed by differentiation which should ensue during the
second and the third trimesters. then there is an increase in
the number of vulnerable cells. These cells are vulnerable
because they are hypersensitive to genotoxic carcinogens
(Krieger. 1989). If we suppose that breast cancer is the
consequence of successive genetic mutations and that women
with a family history of breast cancer carry one of these
mutations in their germ line (Knudson. 1971). then an in-
crease in the number of sensitive cells may be responsible for
a strong increase in the risk of breast cancer. Thus, abortion
might be associated with an increased risk of breast cancer.
whatever the underlying. incompletely penetrant genetic
susceptibility. The risk would be expected to vary according
to the term of the terminated pregnancy. the time between
abortion and a further full-term pregnancy and also the age
at abortion. Consequently. to verify this. further studies of
breast cancer cases. particularly among BRCA1 gene carriers
and their families. with detailed information on reproductive
and familial factors. could improve our understanding of this
effect.
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