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Abstract
An increase in induced abortions in Sweden has been
accompanied by an increase in the incidence of
breast cancer of about 40% in women aged 20-44. To
assess whether the apparent risk is real the risk of
breast cancer was investigated in practically all
Swedish women with a history of a legal abortion in
the first trimester before the age of 30 during 1966-74
(n=49000). The cohort was followed up in the
Swedish cancer register to identify cases of breast
cancer diagnosed more than five years after the
abortion until the end of 1984. The number of
observed cases of breast cancer was 65 compared
with an expected number of 84-5, estimated from
the contemporary Swedish population with due
consideration to age, giving a relative risk of 0-8 (95%
confidence interval 0*58 to 0.99).

Contrary to most earlier reports, this study did not
indicate any overall increased risk of breast cancer
after an induced abortion in the first trimester in
young women.

Introduction
Many epidemiological studies have investigated the

risk of cancer of the breast in women who have had one
or more abortions.' 2' Although the findings were not
entirely consistent, most indicated increased risk.

Hypotheses regarding the possible association
between abortions and an increased risk of breast
cancer are based on the premise of incomplete differ-
entiation of the cells in the glands of the breast during
the first trimester. The changing concentrations of sex
hormones during the second and third trimesters of
pregnancy lead to increased differentiation of these
cells. Interruption of a pregnancy during the first
trimester causes an abrupt cessation of differentiation,
which may result in a subsequent increase in the risk of
breast cancer.22-23 A causal association between abor-
tions and increased risk is also supported by experi-
ments on animals.2223262
The association is consistent with the observation

that an increase in the number of induced abortions in
Sweden (from about 2800 per year in 1960 to more than
30000 in 1974,78 without any major change in the
number of fertile women during the same period) was
accompanied by an increase in the incidence of breast
cancer of about 40% from 1961 to 1981 in women aged
20-44.29 An increased risk if it were real would be of
great concern as nowadays many women have a legal
abortion; in Sweden there are more than 30000 legal
abortions annually and about 40% of these women are
nulliparous at the time of abortion.72

This study assessed the risk of breast cancer after
abortion induced in the first trimester among women
below 30 at that time.

Subjects and methods
Until 1975 legal abortion could be applied for in two

ways in Sweden. Regardless of the method of applica-
tion, all reports were stored in the archives of the
National Board of Health and Welfare. Since January

1975, according to a new abortion law, there has been
statistical but no individual registration of legal
abortions.

For this study a computerised register was con-
structed from the 166 840 application reports during
1966-74. Applications before 1966 were excluded
because too many reports were incomplete. To
preserve integrity of the data the computerised infor-
mation was limited to identification number, county
code, and a serial number for reference to the original
report. The identification number is unique to an
individual person living in Sweden; it is composed of
six digits based on date of birth, supplemented
with a three digit serial number and a check digit and is
not affected by changes in name or address.
A total of 34909 reports (21% of all applications)

did not have a complete identification number. By
computerised linkage with countrywide population
registers 26911 records were identified. Finally,
158842 records (95 2% of all applications) had a
complete identification number: 92 969 applicants had
been born after 1936 (referred to as the total cohort),
of whom 9336 had applied more than once during
1966-74.
Study cohort-Women from the total cohort were

included in the study cohort if they fulfilled three
criteria: age below 30 at the time of abortion, abortion
performed during the first trimester of gestation (that
is, within 90 days after the last menstrual period), and
Swedish citizenship. (Immigrants tend to leave the
country more frequently than Swedes, and a sub-
sequent diagnosis of breast cancer would not be
reported in Sweden.) The information was abstracted
manually from the original reports.

Index abortion-An abortion as defined in the inclu-
sion criteria was called an index abortion. A woman
was not included in the study cohort if she had not had
an index abortion, unless she had another legal abortion
later during 1966-74 as defined in the inclusion criteria,
which thus became the index abortion. The present
study was a case-cohort study, based on incidence of
breast cancer from the general population statistics29
and using the stratified ratio method."0 So far there are
no official data in Sweden about the incidence of breast
cancer regarding parity.

The number of women in the study cohort had to be
estimated (appendix) because manual searches of
records of the total cohort were too expensive. The
total cohort was divided into four strata according to
year of birth and general incidence of cancer of the
breast in the different age ranges (table I). The
precision of the estimated values was increased by
using separate sample fractions drawn from each
stratum by computerised random sampling; searches
were performed for every record in the samples. (The
number of sampled records for each stratum was at
least four times that of the rough number of cases of
breast cancer in each stratum, to ensure that the
random errors from the samples would be much less
than those among the cases.)
Women years at nrsk -In calculating women years at

risk allowance was made for an induction period for
cancer of five years, the most common period of latency
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shown in research on breast cancer, giving a follow up
period from the fifth year after the year of the index
abortion to the end of follow up-that is, 31 December
1984. (All women in the study cohort were assumed to
be alive at the end of follow up, and all were under 48 at
the end of follow up.) To assess risk of breast cancer
immediately after a legal abortion calculations were
also performed with an induction period for cancer of
one year.

Expected number of cases of breast cancer was calcu-
lated in each stratum, based on its annual incidence in
Sweden with regard to age and calendar year (appen-
dix). Information on diagnosed cases of breast cancer
was obtained by computerised linkage of records with
the Swedish Cancer Register. The completeness of the
registration of cases of breast cancer in Sweden is
estimated at 98-2%.3

Observed number ofcases ofbreast cancer-The search
was made for every woman in the total cohort who had
breast cancer diagnosed after the index abortion;
women who fulfilled the inclusion criteria in whom
breast cancer was diagnosed at least five years after the
abortion constituted the observed number of cases of
breast cancer.

TABLE I-Data on total cohort and strata according to year of birth

Stratum 1 Stratum 2 Stratum 3 Stratum 4
(1937-42) (1943-6) (1947-50) (1951-60) Total

No (%) of women in total 7 788 (8) 20 735 (22) 26 525 (29) 37 921 (41) 92 969
cohort

Estimated No (%) of eligible 2 400 (5) 10 800 (22) 12 600 (26) 23 200 (47) 49 000
women in study cohort

Rough No (%) of observed 43 (29) 60 (40) 32 (21) 14 (9) 149
cases of breast cancer

No(%)/ofeligibleobserved 11(17) 31(48) 14(22) 9(14) 65
cases of breast cancer

Estimated No (%) of women 27 200 (7) 93 900 (24) 105 300 (26) 172 900 (43) 399 300
years at risk

Estimated No of expected 15 38 35 07 22-62 11-43
cases of breast cancer

Estimated proportions of 0-18 0-28 0-52 0 91
nulliparous women

Samples
No ofwomen in each sample 174 240 128 201
No of eligible women in each 54 125 61 123

sample
Expected No of cases of breast 0-3456 0 4072 0-1093 0-0606

cancer in each sample

TABLE II-Risk ofdeveloping cancer of the breast after legal abortion according to parity

Observed No of cases
Parity at time of of breast cancer/ 95% Confidence Estimated No of
index abortion expected No of cases Relative risk interval women years at risk

Nulliparous 34/31-22 1 09 0 71 to 1 56 240000
Parous 31/53-29 0 58 0-38to0-84 160000

All 65/84 50 0-77 0-58 to 099 400000

TABLE III-Summary comparison offindings ofstudies on risk of breast cancer after abortion

Defined maximum length
Induced abortion of pregnancy

Study Relative risk Significant separately (months)

Salber et al' 1 No No ND
Valaoras et a2 >1 Yes No ND
Lin et al' >1 Yes No 4
Lowe and MacMahon4 No No ND
Yuasa and MacMahon' >1 Yes No ND
Ravnihar et al' <1 No No ND
Stavraky and Emmons >1 No No ND
Soini' >1 Yes No ND
Choi et a' >1 Yes No 4
Paffenbarger et al"' No No ND
Paffenbarger et al" <1 No No 6
Toti et al" >1 No No ND
Kelsey etal'" >1 No No ND
Pike et al" >1 Yes Yes 3
Brinton et al" >1 No No 3
Helmrich et al" 1 No No ND
Hirohata et al? > 1 No Yes ND
LaVeccia et al" 1 No Yes ND
Ewertz and Duffy" >1 Yes Yes 3
Rosenberg et a!2" >1 No Yes 6
Howe et a!2' > 1 Yes Yes S
Present study < 1 Yes Yes 3

The ratio between the observed and the expected
number of breast cancer cases constituted the relative
risk. Different methods were used for estimating
variances (appendix).
The maximum follow up periods for the study

cohort were 6-8 years (33 000 women), 9-11 years
(11 000), and 12-14 years (5000).
Of the study cohort, 41% ofwomen were nulliparous

at the time of the index abortion. The corresponding
figure in the general population during the same period
in the same age groups was 49%.
To study whether the risk of breast cancer increased

during the first years after a full term pregnancy in
young women the data were analysed for an induction
period of one year. Some epidemiological studies have
indicated that the risk of breast cancer depends on the
total number of abortions or the number before first
full term pregnancy, or both. 8 Because of small
numbers 2940 (6%) of the study cohort and 603 (3%) of
the nulliparas had had an induced abortion before the
index abortion) further analyses of the number of
abortions were not expected to increase the power of
testing of the main hypothesis.

Results
The observed number of cases of breast cancer

among all women in the study cohort was 65 compared
with an expected number of 84 5. The corresponding
ralative risk was 0-77 (significant at p<0 05, table II).
The lowest relative risk (0-58) was observed among the
women who were parous at the time of the index
abortion; the risk among women who were nulliparous
(1 -09) was significantly higher (p<005) (table II).

Analyses with an induction period for cancer of only
one year showed 71 observed cases of breast cancer
(36 in nulliparous women) and 93 57 expected cases
(33 61 in nulliparous women), which gave almost the
same point estimates of relative risk (nullipara 1 07,
para 0 60, and overall 0 76) as an induction period of
five years. Thus the present study suggested no major
changes in the risk of breast cancer during the first
years after an abortion in the first trimester compared
with later.

Discussion
Table III summarises the differing results from

earlier epidemiological studies. In all but one2' a
retrospective interview or questionnaire technique was
used. In two the possibility of recall bias in what is a
sensitive subject was discussed.72"
Whether our observed difference in the risk of breast

cancer between nulliparous and parous women may be
attributed to the postponement of a first birth by the
nulliparous women or to a differing effect oftermination
of an early pregnancy could not be determined from
the data available as we did not have information about
age in possible cases of a first birth after the index
abortion, a variable reported to influence the risk of
breast cancer in premenopausal women. 32-35
The present study included only legally induced

abortions-that is, interruption ofa healthy pregnancy.
Furthermore, the proportion ofwomen in the Swedish
population who had had spontaneous abortion, assum-
ing the same age distribution as that of the study
cohort at the time of the index abortion, was estimated
at less than 0.1.86 Women who had had an illegal
abortion were not identifiable from the data. The
incidence of illegal abortions in Sweden in the early
1960s was estimated at 2-4% of all recorded preg-
nancies."6 In the mid-1960s improved contraception
(with the introduction of the contraceptive pill and
permitted use of intrauterine devices) combined with
more liberal interpretations of the law regulating
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abortions considerably decreased the number of illegal
abortions, as occurred in the United States.3'
The general population statistics were based on all

Swedish women, including the women in the study
cohort. A possible contribution from this cohort to the
general incidence of breast cancer would shift the
relative risks in the present study towards unity. Our
results, however, showed significantly decreased risks
for women with 100% exposure to induced abortion.
The short follow up in the study is a limitation; only

5000 of the women in the study cohort were followed
up for more than 11 years after the induction period. It
would therefore be appropriate to perform a similar
linkage with the cancer register and subsequent analysis
in five, 10, or 20 years.
The design of this study differed from those of

previous epidemiological studies on breast cancer in
that it was based on a cohort; data were available from
almost all (95 2%) Swedish women who applied for
legal abortion during 1966-74; information regarding
the abortions was reported from the hospitals at the
time of the abortion, following mandatory require-
ments, and not from the women by interview; data on
the incidence of breast cancer in the general Swedish
population were obtained from the National Cancer
Registry (whose completeness of registration of breast
cancer in women has been estimated at 98 2%); and an
induction period for cancer of five years was allowed.
Most of the earlier epidemiological studies showed
increased risk among women who had had an abortion;
one reason for this could be recall bias. A woman with
cancer is perhaps more likely to remember and report a
previous abortion than a healthy control,2 21 and as data
in the case-control studies were collected by interview
or questionnaires'120 recall bias may have influenced
their results.

In the original records there was no information
about confounding factors such as smoking and family
history of cancer, and notes regarding taking of the
contraceptive pill, education, and economics were
incomplete. Marital state was given but was most
probably changed for most of the young unmarried
women. These confounding factors have not been
considered in analyses of abortions in previous studies,
with which our results were compared. If any of them,
which increased the risk of breast cancer, were more
common amongwomen who have had induced abortion
they would tend to change our results towards unity.

This study was supported by grants from King Gustav V's
Jubilee Fund, Stockholm, and Family Health International,
NC 27709, United States.

Appendix
The number ofwomen in the study cohort (N) was calculated

from each stratum i according to the formula:
N = IN = X(Mj*n-/m1).

The expected number of breast cancer cases (E-) was calcu-
lated in each stratum from the estimated number of women
years at risk, with indirect standardisation and adjustment for
age and calendar year according to the formula:

Ei = fi*2e,k,
where fi = (Mi-C-)/m-; k denotes the number of women
sampled in the relevant stratum and ranges from 1 to ni for
stratum i; and eik is the cumulated expected individual
incidence with due regard to age and calendar year.

Variances estimated by different methods-Observed
numbers were assumed to follow a Poisson distribution.
Expected numbers in each stratum were calculated according
to Cochran3":

V(E,) = Nz'*s.2*(1 -mr/N/m1,
where sI2 = Y,(e,k2)-(2e,k)'/Mi I 1).
Xeik is the sum of expected numbers of the n, cases in sample

number i and I(e,2) is the sum of squares of the individual
expected values of the n- cases.

Variance for relative risk was calculated using Gauss approx-
imation formulas" (presuming that observed (0) and expected
(E) cases were not correlated):

V(O/E) = V(O)/E2+V(E)*02/E4,
where V(IE-)=IV(E-).
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