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Incidence of breast cancer in Norway and Sweden during
introduction of nationwide screening: prospective cohort study
Per-Henrik Zahl, Bjørn Heine Strand, Jan Mæhlen

Abstract
Objective To determine whether any increase in the incidence
of breast cancer in women detected by mammography is
compensated for by a drop in the incidence of breast cancer
after the age of 69 years, when women are no longer invited for
screening.
Design Population based cohort study of incidence of breast
cancer during the introduction of nationwide screening
programmes.
Setting Norway and Sweden.
Participants All women aged above 30 years (1.4 and 2.9
million, respectively, in 2000).
Main outcome measures Changes in age specific incidence
rates of invasive breast cancer associated with the introduction
of the screening programmes.
Results As a result of screening the recorded incidence of
breast cancer in women aged 50-69 years increased by 54% in
Norway and 45% in Sweden. There was no corresponding
decline in incidence after the age of 69 years.
Conclusions Without screening one third of all invasive breast
cancers in the age group 50-69 years would not have been
detected in the patients’ lifetime. This level of overdiagnosis is
larger than previously reported.

Introduction
Overdiagnosis in cancer screening is defined as the detection of
low malignancy lesions that otherwise would not be detected in a
patient’s lifetime. It is often argued that overdiagnosis is not a
problem for screening in breast cancer.1–3 For example, Boer et al
predicted a 31% increase in incidence of breast cancer in the
Dutch mass screening programme that would be nearly fully
compensated for by a strong drop in the incidence after age 69
years, when women are no longer invited for screening.1

Altogether there should be only 2% more breast cancers.1

Olsen and Gøtzsche reported 30% overdiagnosis in various
screening trials.4 In Finland, incidence rates of breast cancer
associated with screening have also increased.5 In Australia
Harmer et al suggested that a recent increase in incidence is
entirely due to mammographic screening.6

Organised nationwide screening for breast cancer with
mammography in the age group 50-69 years started in Sweden
in 19867 and in Norway in 1996.8 We studied the increase in age
specific incidence rates for invasive breast cancer for the period
1971-2001 in Norway and Sweden.

Methods
In 1996-7 around 165 000 women in four counties (Akershus,
Oslo, Rogaland, Hordaland—the AORH counties) in Norway,
covering 40% of the population, were invited to mammographic
screening for the first time. They attended for second screening
in 1998-99 and third in 2000-1. Screening in the 15 other coun-
ties started gradually later. In Sweden screening was introduced
from 1986 to 1996. More than 90% of the million women in the
age group 50-69 years had been invited at least once by 1992.
Later some women in the age group 70-74 years were also
invited. In both countries the attendance rate among the invited
women has been about 75%.7 9

We obtained specific rates of invasive breast cancer for the
age groups 30-49, 50-69, and > 69 years from nationwide cancer
registers for the period 1971-2000. Our rates include only inva-
sive disease; ductal carcinoma in situ has not been included.

We used Poisson regression models and relative risks to esti-
mate the percentage change in age specific incidence rates of
breast cancer after the introduction of nationwide screening
programmes. We present relative risks with 95% confidence
intervals and calculated estimates using the computer program
EGRET.

The Norwegian data set was analysed with an age-period
model over the period 1991-2000. The period effects in 1991-5
were estimated with two linear trend parameters—one for the
AORH counties and one for the non-AORH counties. As the
non-AORH counties have always had a lower incidence than the
AORH counties,8 we assumed this to be the case for 1991-2000.

We estimated the increase in incidence in the first screening
round using an interaction parameter for age 50-69 years, the
AORH counties, and the period 1996-97. The incidence
increases in second and third screening rounds were estimated
by using interaction with periods 1998-99 and 2000, respectively.
We estimated the increase in incidence in the non-AORH coun-
ties in the period 1996-2000 analogously.

According to Boer et al the incidence is supposed to decline
more in the age group 70-74 years than in age group ≥ 75.1 We
therefore estimated relative risks in the AORH counties in 2000
for the age group 70-74 years.

We estimated general period effects in Sweden before and
after 1986 using two separate linear trend parameters to allow
for an underlying increase in incidence during the period 1971-
2000. The age specific increase was estimated with interaction
variables between periods 1986-9, 1990-3, 1994-6, and
1997-2000 and age 50-69 years. Here we also tested for any
decline in the age groups 70-74 years and 75-79 years using
interaction terms between age and periods 1994-6 and
1997-2000, respectively.
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In all analyses we adjusted for age using 5 year age intervals.

Results
Figure 1 shows age specific rates of invasive breast cancer in
Norway. In the AORH counties there was no significant increase
in rates during 1991-5 (table 1). In women aged 50-69 years who
were invited to screening in 1996-7, however, the incidence
increased by 82% (95% confidence interval 70% to 96%). In the
second and third screening rounds the increases in incidence
were 54% (42% to 66%) and 56% (42% to 73%), respectively.
There was no significant decline in women aged 70-74 years in
2000 (about 80% of all women in the age group 70-74 years had
been invited at least once to screening in 1996-9 before they
turned 70 years).

There was no significant increase in rates in the non-AORH
counties in 1991-5 either. The increases in incidence for the age
groups 50-69 years in the non-AORH counties were 16% (1996-
7), 31% (1998-9), and 51% (2000). The non-AORH counties had
a 13% (10% to 16%) lower incidence than the AORH counties in
the period 1991-2000.

Figure 2 shows the age specific rates for breast cancer in
Sweden. During the period 1971-85 the annual increase in inci-
dence rates was 0.8% (0.7% to 0.9%) for all age groups (table 2),
and the incidence increased with age.1 In this period several large
mammographic screening trials took place in Sweden. In the fol-

lowing decade the nationwide screening programme was imple-
mented, and a substantial increase in incidence occurred in the
screened age groups.

From 1986 to 2000 the incidence rate in the screened group
increased by 45% (41% to 49%), whereas there were no
significant increases or falls in other age groups. The
consequence is that the incidence rates for the age group 50-69
years in recent years have become almost equal to incidence
rates for the age group ≥ 70 years (fig 2). There was no
significant decline in the incidence rate for the age group 70-74
years, neither in 1994-6 nor in 1997-2000 (in 1997 about 96% of
all women in this group had been invited at least once to screen-
ing before they had turned 70 years), but for the age group 75-79
years a small (12%) reduction in incidence was present in the last
period.

Discussion
We found that the introduction of mammographic screening
programmes was associated with a more than 50% increase in
the incidence of invasive breast cancer for the age group 50-69
years in Norway and a 45% increase in Sweden. This increase
related to screening is much higher than the 2% previously pre-
dicted1 and the 30% reported in the screening trials.4 If most of
this increase were to be compensated for by a subsequent drop in
the incidence after age 69 years, then this drop would have to be
extreme. However, we found no significant reduction in
incidence for the age group 70-74 years in either country and
only a small (12%) reduction in the age group 75-79 years in
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Fig 1 Age specific incidence of invasive breast cancer in Norway and for age
groups 30-49, 50-69, and >69 years. From 1991 incidence rate for age group
50-69 years in Norway is split between AORH counties that started organised
screening in 1996 and other counties

Table 1 Estimated relative risks of breast cancer (excluding ductal
carcinoma in situ) in Norway

RR (95% CI)

AORH counties*

1991 (reference) 1.0

Annual increase 1992-5 1.01 (0.99 to 1.02)

Age 50-69 years:

1996-7 1.82 (1.70 to 1.96)

1998-9 1.54 (1.42 to 1.66)

2000 1.56 (1.42 to 1.73)

2000, age 70-74 years 0.89 (0.70 to 1.12)

Non-AORH counties

All ages (1991-2000) 0.87 (0.84 to 0.90)

Annual increase 1992-5 1.00 (0.99 to 1.01)

Age 50-69 years:

1996-7 1.16 (1.08 to 1.25)

1998-9 1.31 (1.22 to 1.41)

2000 1.51 (1.38 to 1.67)

*Akershus, Oslo, Rogaland, Hordaland.
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Fig 2 Age-specific incidence of invasive breast cancer in Sweden and for age
groups 30-49, 50-69, and >69 years. Vertical line indicates start of organised
screening in Sweden (1986)

Table 2 Estimated relative risks of breast cancer (excluding ductal
carcinoma in situ) in Sweden

RR (95% CI)

1971 (reference) 1.0

Annual increase:

1972-85 1.008 (1.007 to 1.009)

1986-2000 1.001 (0.998 to 1.003)

Age 50-69 years:

1986-9 1.06 (1.03 to 1.09)

1990-3 1.31 (1.28 to 1.34)

1994-6 1.28 (1.25 to 1.32)

1997-2000 1.45 (1.41 to 1.49)

Age 70-74 years:

1994-6 0.98 (0.93 to 1.03)

1997-2000 1.01 (0.96 to 1.05)

Age 75-79 years:

1997-2000 0.88 (0.84 to 0.92)
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Sweden. If the 12% incidence reduction becomes significant in
the AORH counties, it will compensate for only 3% of the 54%
incidence increase in the age group 50-69 years.

The discrepancy between our observed increase of around
50% and the 30% increase reported in the screening trials may
be explained by differences in mammographic techniques9 or by
the mammographic screening in the control groups4 of the trials.

We cannot rule out the possibility of an underlying increase
in incidence for women aged above 50 years in Sweden after
1986. However, a 0.8% annual increase (as seen in Sweden
before 1986) can explain only a small part of the 45% increase in
Sweden in the age group 50-69 years. Furthermore, a 0.8%
increase will cover only a small part of the 50% decline in the age
group 70-74 years that Boers et al predicted.1

As the increase in incidence in Norwegian counties was
closely associated with the introduction of screening,9 it is
unlikely that it was caused by other factors (such as hormone
replacement therapy). We also think it unlikely that increased
detection of low malignancy lesions due to screening after age 69
years may hide any substantial underlying decline in incidence
after age 69 years.

Our analysis is fairly simple but can be reproduced by a more
sophisticated statistical method similar to that used by Etzioni et
al.10 They found that one in three prostate cancers diagnosed by
screening for prostate specific antigen is an overdiagnosis, which
is similar to what we estimate for mammographic screening.

Overdiagnosis (and overtreatment) due to mammographic
screening has mostly been discussed in relation to the increasing
rates of ductal carcinoma in situ,11 while little attention has been
paid to the rates of invasive cancer. Our results suggest that
increasing rates of invasive cancer is a more serious problem
than ductal carcinoma in situ. We did not include ductal
carcinoma in situ in our analyses, but if it had been included,
then the relative risk would be 1.80 (1.71 to 1.90) in the AORH
counties in 1998-9.

We conclude that after the introduction of screening
programmes in Norway and Sweden one third of all cases of
invasive breast cancer in the age group 50-69 are
overdiagnosed—that is, without screening these cases would not
have been detected during the patients’ lifetime. The issue of
overdiagnosis needs to be properly examined when the
mammographic screening programmes in Nordic countries are
evaluated in the next few years. Finally, we claim that women
cannot make an informed choice on screening unless the level of
overdiagnosis is properly explained to them.12
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What is already known on this topic

Nationwide mammography screening results in a
substantial increase in the reported incidence of invasive
breast cancer in the invited population

It was expected that most of this increase would be
compensated for by falling incidence rates when the women
are no longer invited for screening

What this study adds

In Norway and Sweden the increase in incidence related to
screening in the invited population has not been followed
by a similar fall in incidence at later ages

The level of overdiagnosis in nationwide mammography
screening is much higher than previously thought
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