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Abstract
Objectives To evaluate the effect on breast cancer mortality
during the first 10 years of the mammography service
screening programme that was introduced in Copenhagen in
1991.
Design Cohort study.
Setting The mammography service screening programme in
Copenhagen, Denmark.
Participants All women ever invited to mammography
screening in the first 10 years of the programme. Historical,
national, and historical national control groups were used.
Main outcome measures The main outcome measure was
breast cancer mortality. We compared breast cancer mortality in
the study group with rates in the control groups, adjusting for
age, time period, and region.
Results Breast cancer mortality in the screening period was
reduced by 25% (relative risk 0.75, 95% confidence interval 0.63
to 0.89) compared with what we would expect in the absence of
screening. For women actually participating in screening, breast
cancer mortality was reduced by 37%.
Conclusions In the Copenhagen programme, breast cancer
mortality was reduced without severe negative side effects for
the participants.

Introduction
In the overview of five randomised trials from Sweden, a reduc-
tion of 29% was found in breast cancer mortality in women aged
50-69 at randomisation after a follow up of 5-13 years.1

Organised, population based, mammography service screening
was introduced on the basis of these results in Copenhagen, the
capital of Denmark, in 1991.2 Since then the validity of the trial
results and the justification of mammography screening have
been debated intensively.3 4 Furthermore, the adaptation of trial
results to routine health care is not straightforward. Examining
whether the screening programmes actually reduce mortality
due to breast cancer is therefore important.

In Denmark, mammography screening was introduced in
only three out of 16 administrative regions. The regions without
a mammography screening programme thereby provide a natu-
ral control group during the full period of follow up. In addition,
opportunistic screening has been limited.5 Taking advantage of
this “natural experiment,” and using the nationwide population
and health registers in Denmark, we developed a method to
determine the effect of mammography service screening on
breast cancer mortality.6 We present here the results of the first
10 years of screening in Copenhagen.

Methods
Model
We used a Poisson regression model with a study group, a
historical control group, a national control group, and a histori-
cal national control group (fig 1).6 We studied the effect of invita-
tion to as well as participation in screening. The end point was
mortality due to breast cancer.

The study group included women invited to screening in
Copenhagen during the first five invitation rounds from 1 April
1991 to 31 March 2001. The screening interval was two years.
The target group included about 40 000 women aged 50-69 at
the start of each invitation round. The second invitation round
included women aged 50-71, but in subsequent rounds no more
women above the age of 69 were invited. The first invitations
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Fig 1 Study design for the evaluation of mammography screening in
Copenhagen, Denmark
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went to women born on 1 January, the following ones to women
born on 2 January, and so on, irrespective of their year of birth.
Women moving to Copenhagen received their invitation shortly
after their arrival, unless their date of birth was scheduled for
invitation later in the round. Invitations did not go to women if
they moved out of Copenhagen before their date of birth was
scheduled for invitation. Once a woman had been invited to
screening, she remained in the study group even if she moved to
another region. We followed up all women from their first date of
invitation until death, emigration, or 31 March 2001. We
excluded women with prevalent breast cancer before their first
invitation date. In total, 30 362 women, equivalent to 71 % of
women in the target population, participated in the first
invitation round, a percentage that fell slightly over rounds as
women could ask not to be reinvited to the programme.7

For all three control groups we constructed five, two year,
“pseudo-invitation” rounds and allocated pseudo-invitation
dates by using the invitation system from the study group. We
followed up women from their first pseudo-invitation date until
death, emigration, or end of follow up, which was 31 March 1991
for the historical and the historical national control groups, and
31 March 2001 for the national control group. We excluded
women with prevalent breast cancer before their first pseudo
invitation date.

Table 1 shows the regions and periods covered by each of the
study and control groups.

Data
We retrieved data on women invited to the programme from the
Copenhagen mammography screening register and checked
them with the central population register. We “constructed” the
control groups from the individual records with both present
and past addresses in the central population register. We identi-
fied women with prevalent breast cancer on their invitation date
or pseudo-invitation date from the Danish cancer register. We
followed up the groups for deaths and emigrations in the central
population register. Data on underlying cause of death came
from the cause of death register, where data were available only
to 31 March 2001, which was therefore the end of follow up. We
used the personal identification number issued to all residents of
Denmark to link registers.

Statistical analysis
To analyse the effect of invitation to screening, we compared
breast cancer death rates in the study group and the control
groups, adjusting for age (age during follow up), time period, and
region. We used a Poisson regression model with the variables
five year age group, exposure, period, and region.6 Although we
were thereby able to control for time trends and regional differ-
ences, we were not able to separate out a potential effect of an
interaction between the two from the effect of screening. In
interpreting the results we therefore had to take into considera-
tion additional data on a potential interaction effect.

We performed a corresponding analysis for participants in
screening. To correct the relative risk (RR) for participants for

selection bias we divided it by a correction factor, RRcorrected, calcu-
lated from the following equation:

1 = RRcorrected*wparticipants+RRnon-attenders*wnon-attenders,
where wparticipants is the proportion of the total number of

person years in the screening period contributed by the partici-
pants, and wnon-attenders is the corresponding proportion for the non-
attenders. RRnon-attenders is the relative risk for the non-attenders
calculated in the same way as for the total invited population, but
including only the non-attenders in the study group. The
corrected relative risk for participants reflects the effect of
participation in screening for the population of participants.

Results
For the period before screening started, Copenhagen had a sig-
nificantly higher mortality due to breast cancer than the rest of
Denmark (relative risk 1.22, 95% confidence interval 1.10 to
1.35), although there was some variation by age group. This had
changed in the screening period, where Copenhagen had a
lower breast cancer mortality than the rest of Denmark (0.91,
0.80 to 1.05). When we compared Copenhagen in the screening
period with the period before screening, the relative risk was sig-
nificantly lower than 1 (0.80, 0.68 to 0.94). When we compared
the rest of Denmark in the screening period with the period
before screening, the relative risk was 1.05 (0.99 to 1.11), again
with some variation by age group. When we estimated the effect
of the combination of invitation to screening and the interaction
term between period and region adjusted for age, period, and
region, the relative risk was 0.75 (0.63 to 0.89; table 2).

We estimated the cumulative effect of the combination of
invitation to screening and the interaction term between period
and region by year of follow up and adjusted for age at entry,
period, and region (fig 2). Significance was reached after six years
of follow up.

For the participants the estimated effect of combining
participation in screening and the interaction term between
period and region adjusted for age, period, and region resulted
in a relative risk of 0.60 (0.49 to 0.74). On the other hand, women
invited to screening who did not participate had a relative risk of
1.15 (0.91 to 1.46). On this basis, we estimated that in a situation
without screening, participants would be a selected part of the
population, with a relative risk of 0.95 compared with the total
population. When we adjusted for this selection bias, the relative
risk for the participants was 0.63.

When we used the same method as in the breast cancer mor-
tality analysis, the invited population had a total cancer mortality
(excluding breast cancer) close to that expected without screen-
ing (relative risk 0.96, 0.91 to 1.01).

Discussion
Breast cancer mortality in Copenhagen was reduced signifi-
cantly after mammography screening had been introduced. We
used individual data to estimate the screening effect, controlling
for time trends and regional differences in breast cancer mortal-
ity.

The method of this study is presented in detail in another
paper, where it was validated by applying it to total mortality as
an end point.6 In this paper we consider aspects of the method
specific for breast cancer mortality as an end point.

A 25% reduction is the best possible estimate of the size of
the mortality reduction achieved with mammography screening.
It is, however, necessary to consider the role of the interaction
term between period and region also inherent in the 25%

Table 1 Study areas and time periods of the study and control groups

Time period Copenhagen
Denmark outside screening
regions*

Pre-screening period 1981-91 Historical control group Historical national control
group

Screening period 1991-2001 Study group National control group

*Three out of 16 administrative regions in Denmark—Copenhagen, Fyn, and
Frederiksberg—had mammography screening in the 1990s. All three regions were excluded
from the national and the historical national control groups.
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estimate, which could in theory reflect unsynchronised improve- ments in treatment. But since 1977 diagnostic and therapeutic
strategies have been organised nationwide in the setting of the
Danish breast cancer cooperative group.8 This means that all
hospital departments involved in diagnosis and treatment of
breast cancer patients have used uniform guidelines for histopa-
thology, surgery, radiotherapy, and systemic therapy. Breast can-
cer patients from the screening region have therefore been
offered the same treatment as breast cancer patients from the
national control group, both during the screening period 1991-
2001, and during the historical control period 1981-91. This was
confirmed by a study that found that survival from breast cancer
did not differ between Copenhagen and the rest of Denmark
after the start of the Danish breast cancer cooperative group in
1977.9 In addition, a study examining time trends in breast can-
cer mortality in the pre-screening period found no interaction or
only a negligible interaction between period and region.10 On
this basis it is reasonable to expect the interaction term between
period and region to be small. We also calculated the interaction
term for the non-screening counties in Denmark. Copenhagen

Table 2 Effect estimates for breast cancer mortality in the Copenhagen mammography screening programme

Study group 50-54 55-59 60-64 65-69 70-74 75-79 All age groups

No of breast cancer
deaths

9 34 43 53 56 28 223

Person years 64 144 92 734 83 510 87 408 77 427 25 600 430 823

Breast cancer mortality
per 100 000 person
years

14 37 51 61 72 109 52

National control group*

No of breast cancer
deaths

89 434 516 535 545 214 2333

Person years 767 111 1 067 778 906 943 826 254 635 385 192 946 4 396 417

Breast cancer mortality
per 100 000 person
years

12 41 57 65 86 111 53

Historical control group

No of breast cancer
deaths

22 45 82 104 128 57 438

Person years 57 669 113 143 139 065 155 697 128 454 40 196 634 224

Breast cancer mortality
per 100 000 person
years

38 40 59 67 100 142 69

Historical national control group†

No of breast cancer
deaths

104 443 485 491 418 182 2123

Person years 577 528 931 245 916 923 838 476 608 008 182 824 4 055 004

Breast cancer mortality
per 100 000 person
years

18 48 53 59 69 100 52

Relative risk estimates (95% confidence interval)

Study group compared
with national control
group*

1.21 (0.61 to 2.40) 0.90 (0.64 to 1.28) 0.91 (0.66 to 1.24) 0.94 (0.71 to 1.24) 0.84 (0.64 to 1.11) 0.99 (0.67 to 1.46) 0.91 (0.80 to 1.05)

Historical control group
compared with
historical national
control group†

2.12 (1.34-3.36) 0.84 (0.62 to 1.14) 1.11 (0.88 to 1.41) 1.14 (0.92 to 1.41) 1.45 (1.19 to 1.77) 1.42 (1.06 to 1.92) 1.22 (1.10 to 1.35)

Study group compared
with historical control
group

0.37 (0.17-0.80) 0.92 (0.59 to 1.44) 0.87 (0.60 to 1.26) 0.91 (0.65 to 1.26) 0.73 (0.53 to 0.99) 0.77 (0.49 to 1.21) 0.80 (0.68 to 0.94)

National control group*
compared with
historical national
control group†

0.64 (0.49-0.86) 0.85 (0.75 to 0.98) 1.08 (0.95 to 1.22) 1.11 (0.98 to 1.25) 1.25 (1.10 to 1.42) 1.11 (0.91 to 1.36) 1.05 (0.99 to 1.11)

Combined effect of
invitation to
screening and
interaction between
region and period

0.57 (0.25-1.30) 1.08 (0.68 to 1.72) 0.81 (0.55 to 1.20) 0.82 (0.58 to 1.17) 0.58 (0.41 to 0.82) 0.69 (0.42 to 1.13) 0.75 (0.63 to 0.89)

*National control group (Denmark except Copenhagen, Fyn, and Frederiksberg).
†Historical national control group (Denmark except Copenhagen, Fyn, and Frederiksberg).
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Fig 2 Estimated effect on breast cancer mortality of invitation to mammography
screening in Copenhagen, cumulated over years of follow up
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had the largest drop in mortality and was the only region where
this reduction reached significance.

Comparison with other countries
England and Wales—In England and Wales, Blanks et al evalu-

ated the effect of the NHS breast screening programme on
breast cancer mortality by comparing observed mortality in the
screening period with that predicted for a situation without
screening.11 Women aged 50-64 are invited to screening every
three years. The programme was built up gradually, with a preva-
lence round from 1988 to 1995. In 1998, the observed mortality
in the age group 55-69 was 21% lower than the mortality
predicted without screening, but the authors estimated that two
thirds of the reduction could be attributed to the introduction of
adjuvant systemic therapy and earlier presentation outside the
screening programme. They were unable to exclude breast can-
cers diagnosed before the screening programme started, and this
diluted their estimated effect of screening. With the short follow
up and the dilution of the estimate by breast cancers diagnosed
before start of screening, it seems reasonable that, so far, the
effect attributed to screening was low.

Netherlands—In the Netherlands, the first screening pro-
grammes started in the late 1980s. By 1997 all women aged
50-69 in the Netherlands were covered by a screening
programme. Otto et al compared mortality trends in the screen-
ing period with those in the pre-screening period.12 For women
aged 55-74, the rates had dropped by 20% in 2001 compared
with 1986 to 1988. As they pointed out, this estimate was diluted
by the fact that they were not able to exclude breast cancers diag-
nosed before initiation of screening, but they argued that
adjuvant systemic therapy was unlikely to be the cause of the
decline, since in regions where screening started after 1995 the
death rates continued to rise up to one year after implementa-
tion. Other changes that may have affected breast cancer mortal-
ity in the recent period could, however, not be taken into
account. The effect may seem surprisingly large, considering that
it was not possible to use refined mortality, but by 2001 many of
the breast cancer deaths would probably come from breast can-
cers diagnosed after start of screening.

Sweden—In Sweden, Jonsson et al compared counties that
started screening in 1986-7 with counties that started in 1993 or
later.13 They too were unable to avoid inclusion of breast cancers
diagnosed between start of the screening programmes and the
individual invitations, but they estimated the magnitude of the
problem and adjusted their estimates accordingly. To adjust for
geographical differences between the study and control groups,
they used a reference period. This was based on an assumption
of multiplicative effects between regions and periods (no interac-
tion). The authors estimated a 20% reduction in breast cancer
mortality in women aged 50-69 at screening. Their mean follow
up since start of screening was 10.6 years. Duffy et al estimated
the effect on breast cancer mortality of invitation to screening in
seven Swedish counties.14 Six counties invited women aged
40-69, and one county invited women aged 50-69. They selected
a starting date for each county, with as little screening as possible
taking place before it and high coverage as soon as possible after
that date. Breast cancers diagnosed before that date were
excluded. The screening period was compared with a
pre-screening period of the same length, taking changes in death
rates over time in the pre-screening period into account, and
comparing the pre-screening period with the non-attenders,
correcting for a self selection bias by using an estimate from the
randomised trials. For counties with over 10 years of screening,
the authors estimated a 32% reduction in breast cancer mortality

among women invited in the screening period compared with
the pre-screening period. For counties with 10 years of screening
or less, the estimated reduction was 18%. Although none of these
studies is completely unbiased, all of them are consistent with the
25% reduction estimated in our study.

Specific considerations
Breast cancer mortality was significantly higher in Copenhagen
than in the rest of Denmark in the pre-screening period. This is
probably due to regional differences in risk factors since
diagnostic procedures and treatment have been organised
nationwide since 1977.8

The age group 55-59 differed from the remaining age
groups with a relative risk of 1.08 (0.68 to 1.72). Although the
confidence interval is broad, it is noteworthy that this is in line
with the lack of an effect for women aged 50-54 at randomisation
found in the second Swedish overview and in the Edinburgh
trial.15 16 Nyström et al propose that hormonal factors could play
a part.15 Further research is warranted.

The argument has been put forward that a reduction in
breast cancer mortality in the study groups of mammography
screening trials was partly due to misclassification of breast can-
cer deaths as deaths from other cancers for the study groups.4

This was not the case in our study, as the relative risk was close to
1 for mortality due to other cancers.

Mortality reduction in participants
The non-participants in our study had a slightly, although not
significantly, higher breast cancer mortality than the general
population. The resulting selection bias does not affect the
results for all invited women but merely the results for the
participants. Adjusting for this selection bias resulted in a relative
risk for the participants of 0.63—that is, a mortality that is 37%
lower than that expected without screening was seen among
participants in the Copenhagen screening programme.

Possible negative effects of mammography screening
Mammography screening is justifiable only if it reduces mortal-
ity due to breast cancer. However, this may be a necessary
requirement, but it is not a sufficient one, since mammography
screening also has some potential negative side effects. It is
therefore important to add that the introduction of mammogra-
phy screening in Copenhagen did not lead to an increase in
breast cancer incidence apart from the expected prevalence
peak.5 In the first four invitation rounds, ductal carcinoma in situ
constituted only 11% of the detected cases, owing to a
deliberately conservative attitude towards supposedly benign
microcalcifications.7 The intensity of the programme has been
high, with a two year screening interval and a relatively high
detection rate.7 The false positive rate has been relatively high—
5.6% after the first screen, 2.9% after the second screen, and
1-2% after subsequent screens.7 By far most of these findings are,
however, sorted out at the assessment, and by now, about 80% of
women having surgery had invasive breast cancer or ductal car-
cinoma in situ.7 The proportionate interval cancer rate after the
first invitation round in Copenhagen was low compared with
that of other European programmes.17 The intensity of the pro-
gramme and short term performance indicators have been
described in detail in earlier publications.2 5 7 17

Conclusion
In the Copenhagen mammography screening programme it has
been possible to reduce breast cancer mortality by an estimated
25%, and at the same time to avoid severe negative side effects
for the participants.
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What is already known on this subject

Most studies of randomised controlled trials have indicated
that mammography screening leads to a reduction in breast
cancer mortality for certain age groups

Evidence is now starting to emerge on the effect of
mammography screening in routine healthcare settings,
such as service screening

What this study adds

This study of mammography service screening controlled
for regional and historical differences

Patients with breast cancers diagnosed before they had
received the first invitation to screening were excluded

The 25% reduction of breast cancer mortality found in this
study therefore indicates that mammography service
screening can reduce breast cancer mortality
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