
n engl j med 363;13 nejm.org september 23, 2010 1203

The new england 
journal of medicine
established in 1812 september 23, 2010 vol. 363 no. 13

Effect of Screening Mammography on Breast-Cancer  
Mortality in Norway

Mette Kalager, M.D., Marvin Zelen, Ph.D., Frøydis Langmark, M.D., and Hans-Olov Adami, M.D., Ph.D.

A bs tr ac t

From the Cancer Registry of Norway, Oslo 
(M.K., F.L., H.-O.A.); the Departments of 
Epidemiology (M.K., H.-O.A.) and Bio-
statistics (M.Z.), Harvard School of Pub-
lic Health; and the Dana–Farber Cancer 
Institute and Harvard Medical School 
(M.Z., H.-O.A.) — all in Boston; and the 
Department of Medical Epidemiology 
and Biostatistics, Karolinska Institutet, 
Stockholm (H.-O.A.). Address reprint re-
quests to Dr. Kalager at Oslo University 
Hospital, Department of Surgery, Monte-
bello, 0310 Oslo, Norway, or at mkalager@
hsph.harvard.edu.

N Engl J Med 2010;363:1203-10.
Copyright © 2010 Massachusetts Medical Society.

Background

A challenge in quantifying the effect of screening mammography on breast-cancer 
mortality is to provide valid comparison groups. The use of historical control subjects 
does not take into account chronologic trends associated with advances in breast-
cancer awareness and treatment.

Methods

The Norwegian breast-cancer screening program was started in 1996 and expanded 
geographically during the subsequent 9 years. Women between the ages of 50 and 69 
years were offered screening mammography every 2 years. We compared the inci-
dence-based rates of death from breast cancer in four groups: two groups of women 
who from 1996 through 2005 were living in counties with screening (screening group) 
or without screening (nonscreening group); and two historical-comparison groups 
that from 1986 through 1995 mirrored the current groups.

Results

We analyzed data from 40,075 women with breast cancer. The rate of death was re-
duced by 7.2 deaths per 100,000 person-years in the screening group as compared 
with the historical screening group (rate ratio, 0.72; 95% confidence interval [CI], 
0.63 to 0.81) and by 4.8 deaths per 100,000 person-years in the nonscreening group 
as compared with the historical nonscreening group (rate ratio, 0.82; 95% CI, 0.71 to 
0.93; P<0.001 for both comparisons), for a relative reduction in mortality of 10% in 
the screening group (P = 0.13). Thus, the difference in the reduction in mortality be-
tween the current and historical groups that could be attributed to screening alone 
was 2.4 deaths per 100,000 person-years, or a third of the total reduction of 7.2 
deaths.

Conclusions

The availability of screening mammography was associated with a reduction in the 
rate of death from breast cancer, but the screening itself accounted for only about a 
third of the total reduction. (Funded by the Cancer Registry of Norway and the Re-
search Council of Norway.)
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On the basis of several randomized 
clinical trials,1-3 the World Health Organi-
zation concluded in 2002 that screening 

mammography for women between the ages of 50 
and 69 years reduced the rate of death from breast 
cancer by 25%.4 Nevertheless, the use of screening 
mammography is still debated, chiefly because of 
concern regarding methodologic limitations in 
some of the randomized trials.5 In addition, the 
benefit of mammography when implemented in a 
population-based service program remains poor-
ly quantified. Therefore, continued evaluation of 
breast-cancer screening programs is warranted.6

The main challenge in quantifying the reduc-
tion in mortality from nonrandomized screening 
programs is to provide valid comparison groups. 
Although historical, prescreening control groups 
are often used, such a comparison has important 
limitations because it does not take into account 
confounding by chronological trends in breast-
cancer mortality, reflecting such factors as ad-
vances in breast-cancer awareness and treatment. 
According to a statistical model based on data 
regarding breast-cancer mortality in the United 
States from 1975 through 2000, only half the ob-
served reduction in mortality was causally related 
to the mammographic intervention itself, whereas 
the other half was attributable to improved man-
agement.7 To establish a valid comparison group, 
we took advantage of several unique features of 
the nationwide Breast Cancer Screening Program 
in Norway, which was implemented by means 
of gradual geographic expansion over a 9-year 
period.

Me thods

Screening Program

Norway, with a total population of 4.8 million, has 
a public health care system. Patients generally re-
ceive treatment in their county of residence, and 
there is no private primary care for breast cancer.8 
The nationwide Cancer Registry of Norway is close 
to 100% complete.9,10 Patients are identified in the 
registry by their individually unique national reg-
istration number, which includes the date of birth. 
The registry runs the Breast Cancer Screening Pro-
gram, which began as a pilot project in 4 of the 19 
Norwegian counties in 1996. Two years later, the 
government decided to expand the program, and 
over a period of 9 years, the remaining 15 coun-
ties were enrolled in a staggered fashion11 (Fig. 1). 

The rollout of the program followed no specific 
geographic pattern. Since 2005, all women in the 
country between the ages of 50 and 69 years have 
been invited to participate in screening mammog-
raphy every 2 years.

Before enrollment in the program, each county 
was required to establish multidisciplinary breast-
cancer management teams and breast units.12 As 
a result, breast-cancer management became cen-
tralized for all residents within each county, and 
dedicated teams of radiologists, radiologic tech-
nologists, pathologists, surgeons, oncologists, and 
nurses managed the care of all patients, regardless 
of age.

The screening program is organized with 26 
stationary and 4 mobile screening units.13 The 
Central Population Registry of Norway identifies 
eligible women on the basis of their national reg-
istration number. Invitations are mailed to each 
eligible woman, suggesting a time for an appoint-
ment.14 Overall, 77% of all women who are in-
vited participate in the program.15 In accordance 
with European guidelines, mammograms are ob-
tained in two views, which are independently read 
by two radiologists.12

Study Groups

From Statistics Norway we retrieved information 
on the Norwegian female population, according 
to county, from January 1, 1986, through Decem-
ber 31, 2005.16 From the Cancer Registry, we re-
trieved data on all women who had received a di-
agnosis of invasive breast cancer, including age, 
tumor stage, date and county of residence at di-
agnosis, date and cause of death, and informa-
tion on whether the diagnosis had been made 
before or after the implementation of the screen-
ing program.

By comparing two current groups on the basis 
of whether screening mammography was available 
in the county, we would avoid confounding by 
factors such as improvements in treatment and 
heightened awareness, temporal changes that may 
be associated with a reduction in breast-cancer 
mortality. However, we could not make direct 
comparisons between these two groups because of 
the nonconstant risk of death from breast cancer 
according to the time since diagnosis and differ-
ences in rates of death from breast cancer between 
counties before implementation of the screening 
program.15 To adjust for such differences and to 
achieve equal follow-up time in each county, we 
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established two historical comparison groups that 
mirrored the implementation of the screening pro-
gram during the 10-year period preceding the 
screening program.

Thus, we defined four groups of women, in-
cluding those in whom a first invasive breast can-
cer had been diagnosed: two current groups of 
women who from 1996 through 2005 were living 
either in counties in which the screening program 
had been implemented (screening group) or in 
counties in which the program had not been im-
plemented (nonscreening group), and two histor-
ical-comparison groups that from 1986 through 
1995 mirrored the county residence of the current 
groups before the implementation of the screen-
ing program (Fig. 1) (see the Supplementary Ap-
pendix, available with the full text of this article 
at NEJM.org).

As pointed out, each county was required to 
establish multidisciplinary breast-cancer manage-
ment teams and breast units before enrollment 
in the national screening program. As a result, the 
screening program consists of two components: 
screening mammography and care from multi-
disciplinary teams. For women between the ages 
of 50 and 69 years who were invited to participate 

in the program, the change in mortality after the 
introduction of the screening program can be re-
lated to both the introduction of screening mam-
mography and the establishment of multidisci-
plinary teams. However, for women who were 
outside the age range that was eligible for the 
screening program (i.e., those between the ages of 
20 and 49 years and those between the ages of 70 
and 84 years) in the counties in which screening 
was available, the change in mortality could be 
related only to the establishment of multidisci-
plinary teams, since these women were not invited 
to undergo mammography.

Study Oversight

The Norwegian Social Science Data Services ap-
proved the study, which was funded by the Can-
cer Registry of Norway and the Research Council 
of Norway. The study was conducted in accordance 
with the protocol, which is available at NEJM.org.

Statistical Analysis

We obtained information on breast cancer as the 
underlying cause of death through regular linkage 
between the Cancer Registry and the Cause of 
Death Registry at Statistics Norway. To isolate the 
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Figure 1. The Four Study Groups, According to Region and Year.

The 19 counties were grouped into six regions according to the date of introduction of the screening program, which 
was implemented throughout the country in a staggered fashion, starting in 1996. The screening group consisted of 
women who received a diagnosis of breast cancer after the introduction of the screening program. The nonscreen-
ing group consisted of women living in regions where screening was not offered in the same calendar period that 
screening was offered in other regions. The historical study groups consisted of women residing in the 19 counties 
in the 10-year period before screening was offered. A screening round lasted for 2 years, and the first year of the 
first round was included in both the screening and nonscreening groups (purple).
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effect of the breast-cancer screening program, our 
calculation of mortality in the screening group in-
cludes only deaths from breast cancer in women 
who received the diagnosis after the screening pro-
gram was implemented (so-called incidence-based 
mortality).17-19 The use of incidence-based mortal-
ity avoids the inclusion of breast-cancer deaths that 
occurred after implementation of the screening 
program but reflected diagnoses that were made 
before the program was implemented. So as not to 
bias our comparisons, we calculated the rate of 
death in all groups using the incidence-based 
method. All women in whom breast cancer was 
diagnosed and who died of breast cancer after im-
plementation of the screening program were in-
cluded in the screening group, regardless of wheth-
er they received the diagnosis at a screening or a 
diagnostic examination.

On the basis of the date of implementation of 
the screening program in each county, we grouped 
the 19 counties into six regions; each county 
within a given region entered the program at ap-
proximately the same time (see the Supplementary 
Appendix). We compared the rates of death sepa-
rately for each region. Thus, the regional compari-
sons have the same follow-up time. This group-
ing tended to reduce random variation resulting 
from small numbers and permitted the evalua-
tion of changes in mortality in the same region 
over a period of time. First, we compared women 
in the nonscreening group with their historical 
counterparts to determine the temporal change 
in mortality that was not attributable to the intro-
duction of the screening program and that was 
likely to reflect improved treatment and earlier 
clinical diagnosis. Then, we compared women in 
the screening group with their historical counter-
parts to determine the change in mortality after 
implementation of the screening program. In this 
second comparison, the difference in the rate of 
death between the two groups can be attributed 
both to the screening program and to temporal 
trends in mortality that were unrelated to the 
screening program. Thus, the reduction in mor-
tality that was related to the screening program 
was the difference between the rate ratio for death 
among women in the screening group as com-
pared with their historical counterparts and the 
rate ratio for death among women in the non-
screening group as compared with their histori-
cal counterparts.

We estimated rates of death from breast can-

cer in the four study groups according to the age 
at diagnosis (20 to 49 years, 50 to 69 years, and 70 
to 84 years). All tests of statistical significance 
were one-sided, and a P value of less than 0.05 was 
considered to indicate statistical significance. (For 
additional details on the statistical analysis plan, 
see the Supplementary Appendix.)

R esult s

Subjects

A total of 40,075 women received a diagnosis of 
breast cancer between 1986 and 2005. During the 
follow-up period, 4791 of these women (12%) died 
from breast cancer. Of the women who died, 423 
(9%) had received the diagnosis after the intro-
duction of the screening program. The total fol-
low-up time for the study was 31,613,529 person-
years, with an average of 2.2 years and a maximum 
of 8.9 years of follow-up for women with breast 
cancer. Among women between the ages of 50 and 
69 years, 6967 received a diagnosis of breast can-
cer between 1986 and 1995, as compared with 
12,056 who received the diagnosis between 1996 
and 2005. In the latter group, 7975 women (66%) 
had been invited to participate in screening mam-
mography. In the first screening round, a total of 
454,331 women had been invited.

Among women between the ages of 50 and 69 
years in the screening group, the rate of death was 
18.1 per 100,000 person-years, as compared with 
25.3 per 100,000 person-years among their his-
torical counterparts, for a difference of 7.2 deaths 
per 100,000 person-years (rate ratio, 0.72; 95% 
confidence interval [CI], 0.63 to 0.81; P<0.001), 
a relative reduction of 28% (Table 1 and Fig. 2). 
Among women in the nonscreening group, the 
rate of death was 21.2 per 100,000 person-years, 
as compared with 26.0 per 100,000 person-years 
among their historical counterparts, for a differ-
ence of 4.8 deaths per 100,000 person-years (rate 
ratio, 0.82; 95% CI, 0.71 to 0.93; P<0.001), a rela-
tive reduction of 18% (Table 1 and Fig. 2). Given 
the reduction in mortality among women in the 
nonscreening group, as compared with their his-
torical counterparts, the relative reduction among 
women in the screening group was 10% (95% CI, 
−4 to 24; P = 0.13). Since the differences between 
the current groups and historical groups were 7.2 
deaths per 100,000 person-years in the screening 
group and 4.8 deaths per 100,000 person-years in 
the nonscreening group, only the overall between-
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group difference — 2.4 deaths per 100,000 per-
son-years (95% CI, −1.7 to 6.5) — can be attributed 
to the screening program alone, representing a 
third of the total estimated reduction in mortal-
ity (2.4 of 7.2).

Among women between the ages of 50 and 69 
years in the screening group, those with stage I 
tumors had a relative reduction in mortality of 
16%, as compared with their historical counter-
parts (rate ratio, 0.84; 95% CI, 0.63 to 1.11); among 
women in the nonscreening group, the corre-
sponding reduction was 13% (rate ratio, 0.87; 
95% CI, 0.62 to 1.23). Among women with stage II 
tumors, those in the screening group had a 
marked 29% reduction in mortality, as compared 
with their historical counterparts (rate ratio, 0.71; 
95% CI, 0.58 to 0.86); among women in the non-
screening group, the reduction was 7% (rate ratio, 

0.93; 95% CI, 0.76 to 1.12). Among women with 
stage III or IV tumors, the improvement in prog-
nosis was similar with and without the screening 
program (rate ratio for death in both groups, 0.70; 
95% CI, 0.57 to 0.86 for the screening group and 
0.56 to 0.87 for the nonscreening group).

Among women who were not eligible for 
screening because they were younger than 50 years 
of age or older than 69 years of age, there was also 
a significant reduction in the rate of death from 
breast cancer, as compared with their historical 
counterparts (Table 1). Women in these age groups 
who were in the screening group but were not eli-
gible for the screening program had the benefit of 
the multidisciplinary breast-cancer management 
teams. Among women under the age of 50 years, 
there was a nonsignificant relative increase in mor-
tality of 4% (P = 1.00) after the introduction of the 

Table 1. Rates of Death from Breast Cancer, According to Study Group and Age.*

Age Group and Mortality Data Nonscreening Groups Screening Groups Difference

Historical
Group

Current 
Group

Historical
Group

Current 
Group

Nonscreening 
Groups†

Screening 
Groups‡

Nonscreening 
Groups vs. 
Screening 
Groups§

50–69 Yr

No. of deaths 494 396 555 423

No. of person-yr 1,898,989 1,866,741 2,197,469 2,337,323

No. of deaths/100,000 person-yr 26.0 21.2 25.3 18.1 4.8 7.2 2.4±4.1

Rate ratio for death (95% CI) 0.82 (0.71–0.93) 0.72 (0.63–0.81) 0.10 

20–49 Yr

No. of deaths 238 183 332 267

No. of person-yr 3,842,740 4,030,443 5,134,212 5,357,163

No. of deaths/100,000 person-yr 6.2 4.5 6.5 5.0 1.7 1.5 −0.2±4.4

Rate ratio for death (95% CI) 0.73 (0.63–0.92) 0.77 (0.65–0.90) −0.04

70–84 Yr

No. of deaths 429 386 623 465

No. of person-yr 1,101,019 1,173,624 1,349,967 1,318,004

No. of deaths/100,000 person-yr 39.0 32.9 46.1 35.3 6.1 10.8 4.7±6.9

Rate ratio for death (95% CI) 0.84 (0.74–0.97) 0.76 (0.68–0.86) 0.08

* Only women between the ages of 50 and 69 years were invited to participate in screening mammography. All women in this group were also 
eligible for treatment by the multidisciplinary teams that are part of the screening program.

† For the nonscreening groups, the value shown is the difference between the rate of death in the historical group and that in the current 
group. This difference represents changes in mortality over time as a result of increased breast-cancer awareness, improved therapy, and 
more sensitive diagnostic tools.

‡ For the screening groups, the value shown is the difference between the rate of death in the historical group and that in the current group. 
This difference represents changes in mortality both over time and after introduction of the breast-cancer screening program.

§ For the comparison of the nonscreening groups with the screening groups, the value shown is the difference between the two rate-of-death 
differences. This value represents the effect of introducing the breast-cancer screening program. Plus–minus values are 95% confidence 
 intervals.
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screening program (Table 1). Among women who 
were 70 years of age or older, the relative reduction 
in mortality of 8% (P = 0.09) could be attributed to 
the establishment of multidisciplinary teams in the 
screening program (Table 1 and Fig. 3).

Discussion

In our study, the rate of death from breast cancer 
was reduced by the introduction of a breast-can-
cer screening program. However, when we took 
into account temporal trends in breast-cancer mor-
tality caused by other factors, the apparent effect 
was considerably smaller than expected. Indeed, 
the take-home message is that breast-cancer screen-
ing was associated with an absolute reduction of 
10 percentage points in the rate of death from 
breast cancer. However, the screening program 
accounted for only one third of the total reduc-
tion in mortality among women who were invited 
to participate in the program. For women between 
the ages of 50 and 69 years, it was impossible to 
determine whether the reduction in mortality re-
sulted from earlier diagnoses associated with 
screening mammography or from the management 

of treatment by an interdisciplinary team. To our 
surprise, the reduction in breast-cancer mortality 
among women between the ages of 70 and 84 
years was largely the same as that in the screen-
ing group. Although none of the older women were 
invited to undergo mammography, they were all 
treated by multidisciplinary teams specializing in 
breast-cancer care.

The fundamental prerequisite for our analysis 
was the staggered implementation of the Norwe-
gian Breast Cancer Screening Program. This struc-
ture provided the opportunity to identify a non-
screening group in order to reduce or perhaps 
eliminate confounding as a result of temporal 
changes in breast-cancer mortality attributable to 
factors other than screening. Additional strengths 
of our study include its nationwide design, the 
large size, the high proportion of women partici-
pating in the screening program (77%), and the 
complete follow-up. The incidence-based approach 
for calculating rates of death also reduced the like-
lihood that results were obscured by deaths from 
breast cancers that were diagnosed before the 
screening program was implemented.

Is it possible that the lead time created a bias in 
calculating incidence-based mortality? We counted 
the rate of death from breast cancer only if the 
death and diagnosis occurred in that group. For 
example, in the screening group, a death would 
be attributed to breast cancer only if the disease 
was diagnosed early by means of screening mam-
mography or if the disease was clinically diag-
nosed while the woman was in the group. How-
ever, for women in whom an early diagnosis was 
made at screening and who later died of breast 
cancer, the diagnosis would have been made clini-
cally at an unknown time within the study period. 
Thus, the lead time plays no role in the calculation 
of the rate of death, and we believe that the 
mortality calculations for all groups are free of 
this bias.

Our study also has limitations. First, the maxi-
mum follow-up time of 8.9 years may be too short 
to show the full potential of the screening pro-
gram. However, in randomized, controlled trials, 
there was a reduction in mortality after 4 years, 
with an increasing effect up to 10 years.20 In our 
study, the reduction in mortality was seen mainly 
in the first 4 years of follow-up (data not shown). 
Second, since the screening program was imple-
mented gradually in the counties, diagnoses were 
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Figure 2. Rates of Death among Women between the Ages of 50 and 69 Years 
in the Four Study Groups.

Among women in the nonscreening group, there was an 18% reduction in 
the rate of death from breast cancer, as compared with the preceding 10-
year period, presumably as a result of increased breast-cancer awareness, 
improved therapy, and the use of more sensitive diagnostic tools. Among 
women in the screening group, there was a 28% reduction in mortality 
from breast cancer during the same period. Thus, the relative reduction in 
mortality that was causally related to the screening program alone was 10%.
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made more recently in the screening group than 
in the nonscreening group (Fig. 1) and there may 
be an overestimation of the mortality benefit as-
sociated with the screening program. Third, some 
of the women in the nonscreening group may 
have actually undergone mammography (oppor-
tunistic screening), potentially resulting in an 
underestimation of the benefit of screening. Un-
fortunately, we have no precise information about 
the numbers of such examinations. However, sev-
eral circumstances provide reassuring evidence 
against contamination by opportunistic screen-
ing as an important source of bias. Before the 
implementation of the screening program, access 
to mammography was limited, especially in the 
predominantly rural areas of the country, and the 
reduction in mortality was of similar magnitude 
in urban and rural areas (data not shown). Also, 
the public health care system provides no finan-
cial incentives for offering screening mammog-
raphy. Finally, the organized screening mammog-
raphy entailed a substantial increase in diagnosed 
cases of breast cancer, with no similar trends in 
counties before they joined the program.

Our finding that only about one third of the 
reduction in mortality can be directly attributed to 
breast-cancer screening is in line with evidence 
from the National Health Service screening pro-
gram in the United Kingdom.21 Other studies have 
shown a relative reduction in the rate of death 
from breast cancer of 6.4 to 25% with follow-up 
periods of 10 years or less.18,19,21-25 However, most 
of these studies have compared current breast-
cancer mortality with mortality in a period pre-
ceding the introduction of screening mammogra-
phy, with no ability to account for the confounding 
effect of temporal trends.18,21,23-25 As our data 
show, such confounding may entail a considerable 
overestimation of the mortality benefit of mam-
mography.23-25

The implementation of multidisciplinary breast-
cancer management teams was intended to pro-
vide comprehensive and integrated optimization 
of breast-cancer care. As a corollary, it is not pos-
sible to attribute the reduction in mortality to any 
specific component of such a change in health 
care, although increased breast-cancer awareness, 
higher sensitivity of diagnostic techniques, and 
improvements in treatment can all be conducive 
to a lower rate of death. The greatest reduction in 
the death rate associated with mammography was 

observed among women with stage II tumors. 
This finding might be explained by selective stage 
migration among screening participants26 as a re-
sult of more sensitive staging techniques (includ-
ing the use of sentinel-node biopsy, which in-
creased from virtually no use in 1998 to a 65% rate 
of use in 200415) and improvements in treatment.

We conclude that our results support the evi-
dence that screening mammography reduces the 
rate of death from breast cancer. However, the 
magnitude of this benefit seems modest in the 
high-attendance, nationwide screening program 
we evaluated. Most important, the apparent ben-
efit conveyed by optimized patient care may be 
missed unless breast-cancer screening is integrat-
ed into a well-functioning health care system that 
is available to the entire population.
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Shown are the differences in breast-cancer mortality among women living 
in counties in which breast-cancer screening had been implemented, as 
compared with their historical counterparts, and corresponding values for 
women living in counties in which screening had not been implemented, as 
compared with their historical counterparts. Only women between the ages 
of 50 and 69 years were invited to participate in mammographic screening.
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