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Objective: This study analyzes the efficacy of the Icelandic population-based service mam-

mography screening.

Material and methods: Women aged 40–69 were invited for screening at 2-year intervals 

starting in November 1987. The study evaluates: (A) attendance and other screened performance 

parameters during 1998–2010; (B) trends in age-standardized and age-specific incidence rates 

during 1969–2010 and mortality rates during 1969–2010; and (C) distribution of risk factors 

and disease specific death rates according to mode of detection.

Results: (A) In the age group of 40–69, the average 2-year attendance was 62%, recall rate 

was 4.1%, needle biopsy rate was 1.3%, surgery rate was 0.6%, invasive cancer rate was 0.4%, 

and ductal carcinoma in situ (DCIS) rate was 0.06%. (B) The linear incidence trend after the 

start of screening decreased significantly in the age group 40–49, increased significantly in 

the age group 50–69, but decreased non-significantly in the age group 70–79. The decreased 

age-specific incidence in the 70–79 age group was, however, greater than the increased age-

specific incidence at the ages 50–69. The mortality rate decreased 41% for all age groups and 

the linear mortality trend decreased significantly at ages 40–49, 50–69, and 70–79. In the age 

group 40–74 years, the age-specific mortality decreased by 6.9 cases per 2000 during a 10-year 

period. (C) Screen-detected women had significantly smaller tumors, more favorable tumor 

grade, fewer axillary metastases and, after correction for other risk factors, the likelihood of 

dying from cancer decreased 54% (hazard ratio: 0.46; 95% confidence interval: 0.31–0.69) for 

these patients compared to cases of nonparticipators.

Conclusion: The study results confirm acceptable rates of recalls and referrals for further 

diagnosis and treatment, and significantly decreased breast cancer mortality rate after starting 

screening.

Keywords: mammography, screening, breast cancer, mortality, incidence, mode of detection, 

risk factors

Introduction
Breast cancer is the most common cancer in women worldwide. The ultimate goal of 

screening is to reduce the mortality of the disease without affecting the quality of life 

of the attending women. The results of the first randomized efficacy trials1 have been 

questioned in studies reporting that screening leads to over-diagnosis of small slow 

growing or wrongly diagnosed cancers leading to lead and length time biases, and over-

treatment due to false diagnoses of suspicious benign changes.2–6 Other reports state, 

however, that the key factors necessary to realize the aim of screening are achieved 

using a high quality screening process.7
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In Iceland, population-based service mammography 

screening started in November 1987. The aim of this study 

was to evaluate the efficacy of the screening program 

by analyzing the following data longitudinally: (A) the 

performance parameters of screening as quality assurance 

of the screening program; (B) the observed incidence and 

mortality rates of invasive breast cancer before and after 

starting screening; and (C) the disease specific death rates 

and distribution of risk factors according to mode of breast 

cancer detection after the start of screening.

Material
The Icelandic screening program
For cost-effectiveness, the mammography screening is organized 

jointly with cervical cancer screening. According to the results 

of the Swedish mammography trials,1 the intention is to invite all 

women aged 40–69 (33,395 women in 1988 and 54,714 in 2010) 

to screening at 2-year intervals (one screening round). Women 

older than 69 are allowed to attend at 2-year intervals without 

invitation but are not part of the screening program.8

All mammograms in Iceland are read at the Cancer 

Detection Clinic (CDC) in Reykjavik. Women with an 

abnormal screening mammography are recalled for further 

workup with additional views, ultrasound examination, and 

needle biopsies (fine needle or core biopsies) before deciding 

whether to refer the women for an open biopsy, wedge 

resection, or a mastectomy.

All data included in this study came from official 

population registries, screening results after 1987 from the 

database of the CDC, breast cancer incidence (1969–2010) 

from the Icelandic Cancer Registry, and breast mortality 

(1969–2010) from Statistics Iceland. The Cox multivariate 

analysis covers the period 1988–2009.

Methods
The intention to run the program as 2-year screening 

rounds is affected by the following screening program 

decisions: (1) The invitation process takes into account the 

timing of the last mammography regardless of whether it 

was a screening mammogram or a clinical mammogram 

taken outside the screening program. The timing of the 

next screening invitation is calculated from the date of 

the last mammography. Clinical mammography outside 

the screening program can thus prolong the timing between 

formal invitations for screening; (2) Due to the fact that 

mammography screening is a combined service screening 

for both cervical and breast cancer, the women are 

allowed to attend screening from 18–23  months after the 

last mammography. Attendance in the 18–23 month period, 

however, is classified as screening attendance only if the 

women attend without symptoms.

Cases are defined according to the mode of detection. 

Screen-detected cases are the result of screening attendance 

at ages 40–69 among (a) women attending screening up to 

3 months after formal invitation regardless of whether they 

have symptoms or not, (b) women attending without clinical 

symptoms 18–23 months after the last mammography, and 

(c) women diagnosed as a result of early recalls due to followup 

of abnormal screening results. Interval cases are diagnosed as 

a result of attendance within 24 months after the last normal 

screening mammography with the exception of women attend-

ing without symptoms between 18–23 months. Cases among 

noncompliants (referred to as refuser cases) are defined as 

cases diagnosed among women that have not attended screen-

ing during a 26 month period after the last normal screening 

mammography. Cases outside the screening program are cases 

of patients younger than 40 or are 70 years of age or older.

Performance parameters of screening
Attendance rate
The 2-year attendance rate is defined as the proportion of 

40–69 year old women that by the end of each year had a 

mammography taken during the previous 24 months. The 

average 2-year attendance rates are defined as the average 

of all the 2-year attendance rates between 1988–2010 for the 

following age groups: 40–49, 50–69, and 40–69. To evaluate 

irregular attendance, the 4-year attendance rate and the 

proportion of women that at the end of each year had never 

had a mammography were analyzed separately after 1998 

for the 40–69 year old women.

Recalls and referrals
Recalls and referrals refers to the number of recalls after 

an abnormal screening mammography and the number of 

referrals for needle biopsies and surgery (including surgical 

biopsies) after recalls.

Cancer and DCIS
Cancer and ductal carcinoma in situ (DCIS) refers to the 

number of screen-detected invasive cancers and DCIS.

Breast cancer incidence and mortality 
(DCIS excluded)
All age groups
Age-world-standardized incidence rates per 100,000 are 

population-based and calculated per year in 1969–2010 

and with 5-year smoothing (moving average) rates. Linear 

trend lines were based on individual years calculated for two 
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equal time periods before and after the first two screening 

rounds (1969–1987 and 1992–2010). The prevalence 

period (1988–1991), including a high rate of prevalent 

cases diagnosed before the start of screening, was excluded 

from the incidence trend analysis.3,4 The prescreening trend 

line (1969–1987) was extrapolated to 2010 and the rate 

difference between the observed trend line (1992–2010) and 

the extrapolated trend line was calculated.

The world-standardized mortality rates were calculated 

for individual years between 1969–2010 and with 5-year 

moving average rates. Due to the delayed effect of screen-

ing on the mortality rate, the prescreening trend line was 

calculated to the end of the 5-year period with the highest 

mortality rate (1991–1995) and then extended to 2010 to 

calculate the expected mortality value. A new trend line was 

calculated for the observed values between 1996–2010 and 

the rate difference between the observed and expected rates 

was calculated.

Age-specific rates
The age-specif ic incidence and mortality rates are 

population-based and were calculated per 100,000 

women for the age groups 40–49, 50–69, and 70–79  in 

1969–2010 using the same approach as for all ages to 

evaluate the effect of screening on these rates. Trend lines 

for age-specific rates are based on 5-year moving average 

rates. The rates of cancer deaths were calculated during 

the period with the highest mortality rate at the start of 

screening and at the end of the study period. The difference 

between these rates was calculated per 100,000 for the 

age group 40–74.

Mode of detection, risk factors, 
and disease specific death
The disease specific mortality and distribution of year of 

diagnosis, year of birth, tumor size, axillary metastases, 

tumor grade, and receptor tumor status were analyzed 

for cases diagnosed after start of screening according to 

mode of detection (screen-detected, interval, and refuser 

cases) with followup to the end of 2009. The effect of 

detection modes and risk factors on the likelihood of dying 

from breast cancer was evaluated by univariate and Cox 

multivariate analysis.

Statistics
Incidence and mortality were calculated using Microsoft 

Excel 2010 (Microsoft Corporation, Redmond, WA, USA). 

Regression coefficients (RC) and 95% confidence intervals 

(CI) were calculated with MedCalc version 11.3.1.0 (MedCalc 

Software, Mariakerke, Belgium). Stata 10.0 (StataCorp LP, 

College Station, TX, USA) for Windows was used for Cox 

analysis (Hazard Ratio [HR] and 95% CI), comparison of 

means (Student’s t-test) and proportions (Chi-square).

Results
Performance parameters
Attendance
In the overall age group (40–69) the average 2-year attendance 

was 62% in 1988–2010. In the age group 40–49 the average 

2-year attendance decreased from 68% in the prevalence 

period to 64% in the incidence period 1992–1997 and 

59% after 1997. In the age group 50–69 the average 2-year 

attendance was around 64% from the start of screening. The 

average 4-year attendance and non-attendance rates in the age 

group 40–69 after 1998 were 74% and 15%, respectively.

Recalls and referrals
Table  1  shows the average number of participants per 

2-year screening round in 1998–2010. At age 40–49, the 

rate of recalls was 4.7%, and at age 50–69 it was 3.6%. 

The referral rate for needle biopsy was 1.3% in both age 

groups. After needle biopsy, the referral rate for surgery was 

0.5% at age 40–49 and 0.7% at age 50–69. The proportion 

of recalls referred for needle biopsy was 26.7% and 35.8% 

for the aforementioned age groups, respectively, and the 

proportion of recalls referred for surgery was 11.2% and 

20.5%, respectively.

Breast cancer and DCIS
The rate of invasive cancer was 0.2% at age 40–49 and 0.5% 

at age 50–69. The proportion of cases with #10 mm tumors 

was 31.8% versus 28.2% and #15 mm tumors 50.0% versus 

55.3%, respectively, for the aforementioned age groups. The 

rate of DCIS was 0.05% and 0.07%, respectively, for the 

aforementioned age groups. The positive predictive value 

(PPV) for cancer plus DCIS after recalls was 4.9% and 16.0%, 

respectively, and the PPV after surgery was 43.8% and 78.2%, 

respectively. The number of surgeries (including surgical 

biopsies) per cancer plus DCIS was 2.3 versus 1.3, respectively. 

The benign to malignant biopsy ratio was 1.3% and 0.3%, for 

the 40–49 and 50–69 age groups, respectively (Table 1).

Breast cancer incidence and mortality 
(DCIS excluded)
All age groups
Figure 1 shows the age-standardized (world) incidence and 

mortality rates per 100,000 for individual years, 5-year 

moving average rates in 1969–2010, and linear trends.
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The incidence increased steadily from 47.3/100,000  in 

1969–1973 to 89.8/100,000  in 2006–2010. The incidence 

increased from 63.9 before screening in 1982–1986 to 75.6 during 

the prevalence period 1988–1991 (P , 0.001) and decreased 

thereafter (P = 0.61) to 70.0 in 1992–1996. The extrapolated linear 

trend from 1969–1987 to 2010 confirms an increased observed 

incidence during the prevalence period of 1988–1991, but 

thereafter a lower rate than expected. The rate difference between 

the observed and the expected trends in 2010 (93.7/100.000 versus 

104.8/100.000) was non-significant (P = 0.31).

The average mortality rate was 19.1/100,000  in 

1969–1986, increased to 26.3/100,000 in 1991–1995, and 

decreased thereafter to 15.5/100,000  in 2001–2010 (41% 

decrease from 1991–1995 to 2001–2010; P  ,  0.001). 

About 63% of the mortality rate in 1988–1995 (51% in 

1991–1995) was due to cases diagnosed before the start 

Table 1 Mammography screening in Iceland

Screening outcomes per average 
2-year screening round in 1998–2010

Age 40–49 Age 50–69 Age 40–69

N % N % N %
Population 20,725 27,605 48,330
Participants 12,138 58.6 16,836 61.0 28,974 60.0
Recalls 572 4.7 606 3.6 1,178 4.1
Needle biopsies 153 1.3 217 1.3 370 1.3
Surgery (including surgical biopsies) 64 0.5 124 0.7 188 0.6
Invasive cancer 22 0.2 85 0.5 107 0.4
  #10 mm cancer of invasive cancer 7/22 31.8 24/85 28.2 31/107 29.0
  #15 mm cancer of invasive cancer 11/22 50.0 47/85 55.3 58/107 54.2
DCIS 6 ,0.1 11 ,0.1 17 ,0.1
Total cancer (invasive and DCIS) 28 0.2 97 0.6 125 0.4
Referral rate of recalls for needle biopsy 153/572 26.7 217/606 35.8 370/1,178 31.4
Referral rate of recalls for surgery 64/572 11.2 124/606 20.5 188/1,178 16.0
Total cancer-PPV of recalls 28/572 4.9 97/606 16.0 125/1,178 10.6
Total cancer-PPV of surgery 28/64 43.8 97/124 78.2 125/188 66.5
Number of surgeries per total cancer 64/28 2.3* 124/97 1.3* 188/125 1.5*
Benign to malignant biopsy ratio 36/28 1.3* 27/97 0.3* 63/125 0.5*

Notes: Performance parameters in 1998–2010. Average numbers (N) of women to be screened per 2-year screening round, participants, recalls, referrals for needle biopsy 
and surgery (including surgical biopsies), cancer and DCIS detected. Average referral rates and positive predictive values. *Proportions.
Abbreviations: DCIS, ductal carcinoma in situ; PPV, positive predictive value.
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Figure 1 Invasive breast cancer in Iceland. 
Notes: All ages 1969–2010, age-world-standardized incidence, and mortality rates per 100,000 per year, with 5-year moving average rates. Linear regression lines for 
incidence in 1969–1987 and 1992–2010 and for mortality in 1969–1995 and from that point to 2010.
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of screening but this proportion decreased to 26% in 

1996–2010 (17% in 2006–2010). A linear trend line from 

1969 to 1995 was extrapolated to 2010. The rate difference 

between the observed and the expected trends in 2010 was 

significant (P = 0.001), corresponding to a 55% decreased 

rate (31.3/100,000 versus 14.1/100,000).

Age-specific rates
Figure 2A–C shows the 5-year moving age-specific incidence 

and mortality rates and linear trends for the age groups 40–49, 

50–69, and 70–79 in 1969–2010. The linear incidence trends 

are for the periods 1969–1987 and 1992–2010 and the mortal-

ity trends for the periods 1969–1995 to 1996–2010.

The incidence increased in all age groups before the start 

of screening, reached a peak during the prevalence period 

but decreased again during the incidence period after the 

start of screening. For the 40–49 age group (Figure  2A) 

the RC for the linear trend in 1969–1987 was 4.10 (95% 

CI: 3.05–5.16), but was significantly lower (P  ,  0.01) 

during 1992–2010 or −0.07 (95% CI: −1.18–1.31). For the 

50–69 age group (Figure 2B) the RC increased significantly 

(P , 0.01) from 2.66 (95% CI: 1.91–3.40) to 5.68 (95% 

CI: 4.00–7.37) between the two periods. For the 70–79 age 

group (Figure 2C) the RC decreased non-significantly from 

7.32 (95% CI: 5.35–9.29) to 5.02 (95% CI: 3.03–7.00) but 

the rate difference between the extrapolated linear incidence 

trend in 1969–1986 and the observed trend in 2006–2010 

(436.0/100,000 versus 315.7/100,000), however, was 

significant (P = 0.004).

The rate differences in 2006–2010 between the extrapolated 

linear incidence trend in 1969–1986 and the observed trend 

in 1992–2010  in the 50–69 age groups was 94.4/100,000 

(245.6/100,000 versus 339.0/100,000; P ,  0.001). In the 

70–79 age group, the rate difference was 120.3/100.000 

(436.0/100,000 versus 315.7/100,000; P = 0.005).

The age-specific mortality rates started to increase 

after 1981–1985, reaching a peak value around 1995  in 

all age groups. In the 40–49 age group (Figure  2A), the 

RC decreased significantly from 0.64 (0.33–0.95) to −0.91 

(−1.45 to −0.37) and also in the 50–69 age group (Figure 2B) 

from 1.07 (0.59–1.56) to −2.66 (−3.96 to −1.37). At age of  

70–79 (Figure  2C), the RC decreased significantly from 

1.74 (1.19–2.30) to −1.86 (−4.70 to −0.97).

For the 40–74 age group the age-specific mortality 

was 75.8/100,000/year in 1991–1995 and this decreased 

to 41.4/100,000/year in 2001–2010, or the equivalent of 

34.4 women/100,000/year or 6.9 women per 2000 during a 

10-year period.
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Figure 2 Invasive breast cancer in Iceland. (A) Age-specific incidence and mortality 
rates per 100,000 at age 40–49, with 5-year moving average rates. Linear regression 
lines for the incidence trends between 1969–1987 and 1992–2010 and for the 
mortality trends between 1969–1995 and from that point to 2010 in the respective 
age groups. (B) Age-specific incidence and mortality rates per 100,000 at age 
50–69 with 5-year moving average rates. Linear regression lines for the incidence 
trends between 1969–1987 and 1992–2010 and for the mortality trends between 
1969–1995 and from that point to 2010  in the respective age groups. (C) Age-
specific incidence and mortality rates per 100,000 at age 70–79 with 5-year moving 
average rates.
Notes: Linear regression lines for the incidence trends between 1969–1987 and 
1992–2010 and for the mortality trends in 1969–1995 and from that point to 
2010 in the respective age groups.

Mode of detection, risk factors,  
and disease specific death
Compared to both interval and refuser cases, the screen-detected 

cases had a significantly (P , 0.001) lower rate of disease spe-

cific cancer deaths, smaller tumors, fewer axillary metastases, 
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more favorable tumor grading, and receptor positive tumors 

(Table 2). Compared to the refuser cases, the interval cases had 

a significantly (P , 0.001) lower rate of disease specific cancer 

deaths and a higher rate of small tumors, but the distribution 

of other risk factors did not differ significantly.

The univariate analysis comparing the screen-detected 

cases and refusers confirmed that all the factors had a 

significant effect on the likelihood of dying from breast 

cancer (Table 3). For the screen-detected women, mortality 

decreased 76%, and it was 3% lower for each later year of 

birth, and 5% lower for each later year of diagnosis, and 

about 44% greater protection if positive for hormone recep-

tors. Mortality increased, however, 2.83 times for grade 

3 compared with grades 1 and 2, 3.55 times for axillary 

metastasis, and 4.73 times for tumors with a diameter greater 

than 14 mm.

The multivariate analysis (Table 3) included women for 

whom information was available regarding all the risk factors 

(556  screening cases, 317  interval cases, and 365 refuser 

cases). The analyses confirmed that screen-detected cases 

had a significant 54% (HR 0.46; 95% CI: 0.31–0.69) lower 

likelihood of dying from cancer compared to cases among 

refusers. The same comparison for the interval cases versus 

refusers was non-significant or 21% (HR 0.79; 95% CI: 

0.53–1.16; data not shown). The highest hazard ratios among 

the screen-detected versus refuser cases were for tumor size 

4.53 (95% CI: 1.92–10.66), followed by axillary metastasis 

3.24 (95% CI: 2.10–5.02) and 2.11 (95% CI: 1.37–3.25) for 

tumor grading. No interaction was found between grade, 

size, and metastasis.

Discussion
The effect of mammography screening has been disputed9 

ever since the Swedish randomized trials confirmed a 29% 

decreased mortality rate in the invited group in 1993.1

The Cochrane Collaboration reported in 2008 that 

screening reduced the mortality rate by 15%, led to 

over-treatment in 10% of screened women due to false 

diagnosis of suspect changes, and to over-diagnosis in 0.5% 

of screened women due to false diagnosis of breast cancer.2,3,10 

The US Preventive Services Task Force (USPSTF) updated in 

2009 earlier recommendations from 2002 and concluded that 

Table 2 Distribution of risk factors and disease specific death rates according to mode of cancer detection 1988–2009

Screening 
cases (N = 954)

Interval 
cases (N = 568)

Refuser 
cases (N = 624)

P-values*
Sc versus 
Int

Sc versus 
Ref

Int versus 
Ref

Disease specific death (%) 9% 17% 26% ,0.001 ,0.001 ,0.001
Follow-up time in years (mean) 8.6 (0.0–21.8) 7.2 (0.0–21.1) 6.8 (0.0–21.8) ,0.001 ,0.001 0.197
Year of birth (mean) 1942 (1919–1969) 1947 (1919–1966) 1944 (1919–1969) ,0.001 0.019 ,0.001
Year of diagnosis (mean) 2000 (1988–2009) 2001 (1988–2009) 1999 (1988–2009) 0.006 0.406 ,0.001
Age at diagnosis (mean) 57 (40–69) 54 (40–69) 55 (40–69) ,0.001 ,0.001 ,0.001
Tumor size (mm) mean 16.4 (1–120) 23.5 (1–100) 28.0 (1–150) ,0.001 ,0.001 ,0.001
Missing (N) 9 12 30
Axillary metastatis
  No (%) 69% 52% 47% ,0.001 ,0.001 0.076
  Yes (%) 31% 48% 53%
Missing (N) 34 33 64
Tumor grade
  Grade 1 (%) 33% 16% 16% ,0.001 ,0.001 0.99
  Grade 2 (%) 43% 45% 45%
  Grade 3 (%) 25% 39% 39%
Missing (N) 167 145 117
Estrogen receptors
  ER pos (%) 83% 68% 73% ,0.001 ,0.001 0.092
  ER neg (%) 17% 32% 27%
Missing (N) 232 119 118
Progesterone receptors
  PR pos (%) 75% 62% 65% ,0.001 ,0.001 0.451
  PR neg (%) 25% 38% 35%
Missing (N) 249 124 125

Notes: *Chi-square test for proportion; t-test for mean.
Abbreviations: ER, estrogen receptor; Int, interval cases; N, number of cases; neg, negative; pos, positive; PR, progesterone receptor; Ref, refuser cases; 
Sc, screening cases.
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screening at 2-year intervals is beneficial in the 50–74 age 

group with a 32% mortality reduction in the age group 60–69 

and 15% in the 50–59 age group. Despite a 14% mortality 

reduction in the 40–49 age group, however, the Task Force 

recommended risk evaluation due to a risk of false diagnosis 

of suspected benign changes at that age.5,6,11 Some researchers 

agree with these reports,12–16 but others have protested these 

findings.17–23 Critics of the USPSTF report have pointed out 

the poor quality of some of the included data and the fact 

that 80% of breast cancers occur in women with no family 

history of the disease.24–26

The present study shows that the average yearly registered 

non-attendance rate in the targeted Icelandic 40–69 year-old 

population has never been higher than 14% at the same time 

as the average 2-year attendance rate has been around 62% 

and the 4-year rate around 70%, which confirms that women 

attend screening at irregular intervals. The performance 

parameters also confirm that the rate of recalls, detection rate 

of cancers and DCIS, and the benign to malignant biopsy 

ratio in the targeted age group comply with the quality 

standards of the European radiological guidelines.7 Although 

the rate of recalls was higher in the 40–49 age group, the 

referral rates for needle biopsy and surgery are lower in this 

younger age group. The higher rate of surgeries per total 

cancer cases in the younger age group can be explained by 

the lower age-specific breast cancer incidence among the 

younger women.

The Cochrane Collaboration concluded that screening 

leads to over-diagnosis of cancers in 0.5% of the screened 

women and that one out of every three cancers diagnosed 

at screening is a slow growing cancer.2,3 The present study, 

which was based on methods similar to those used by the 

Cochrane Collaboration,3 confirmed an increasing linear 

trend in the incidence rate in the 40–49 age group before the 

start of screening and a significantly lower linear trend for the 

incidence after the start of screening. In the 50–69 age group, 

the linear incidence rate increased at a significantly higher 

rate after start of screening but at a non-significantly lower 

rate in the 70–79 age group. However, the rate differences 

between the expected and observed incidence rates in 

2006–2010 decreased significantly in the 70–79 age group. 

These results support the theory that the increasing incidence 

in the 50–69 age group can partly be explained by earlier 

diagnosis, which then later leads to a reduced incidence rate 

in the 70–79 age group.

The current study confirmed a 41% decrease in the 

mortality rate for all ages combined after the start of 

screening, which is in agreement with the results of an 

Table 3 The likelihood of dying from breast cancer

Risk factors Screening Refusers Univariate 
analysis

Multivariate 
analysis (Cox)*

N Deaths N Deaths HR CI HR 95% CI
Screening attendance
  Refusers 618 164 1.00
  Attenders 950 82 0.24 0.18–0.31 0.46 0.31–0.69
Year of birth** 950 82 618 164 0.97 0.96–0.98 0.97 0.94–0.99
Year of diagnosis** 950 82 618 164 0.95 0.93–0.98 0.98 0.94–1.02
Tumor size
  ,15 mm 507 16 124 10 1.00

  $15 mm 338 65 470 139 4.73 3.10–7.22 4.53 1.92–10.66
Axillary metastasis
 N ot present 633 30 261 33 1.00
  Present 286 47 298 103 3.55 2.62–4.81 3.24 2.10–5.02
Tumor grade
 G rade 1 + 2 594 26 311 45 1.00
 G rade 3 192 32 195 67 2.83 1.89–4.26 2.11 1.37–3.25
Estrogen receptors
 N ot present 123 22 135 45 1.00
  Present 597 44 369 91 0.56 0.42–0.76 0.85 0.52–1.37
Progesterone receptors
 N ot present 172 30 176 56 1.00
  Present 531 35 321 72 0.57 0.43–0.76 0.80 0.50–1.29

Notes: Women diagnosed with breast cancer at age 40–69 in 1988–2009 after start of mammography screening. Results of Cox regression: HR and 95% CI for known risk 
factors. N: number of women with information on risk factors in the Cancer Registry. Interval cases were excluded from this analysis. *Cases with information on all variables 
(556 screening cases and 365 refuser cases); **continuous variables.
Abbreviations: CI, confidence interval; HR, hazard ratio; N, number.
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earlier Icelandic case-control study8 and the lag from 

start of screening to the mortality reduction is also in line 

with other studies.1,9 The linear mortality rates decreased 

significantly after start of screening in the 40–49, 50–69, 

and 70–79 age groups, which is in line with the results of the 

multivariate analysis showing for the screen-detected cases a 

54% decreased likelihood of dying from breast cancer after 

correcting for other risk factors.

The present study confirms that in spite of the low average 

2-year attendance at age 40–69 (62%) the number of breast 

cancer deaths in the 40–74 age group was reduced by about 

6.9 per 2000 women during 10 years. Reports on the number 

of cancer cases prevented by screening have varied. The 

Cochrane Collaboration concluded that screening prevented 

one breast cancer death per 2000 women screened (0.05%) 

during 10 years2 and USPTFS concluded that the decrease 

was 2.7 deaths per 2000 women screened at age 40–69.5,6 A 

recent review of the Swedish Two-County Trial21 concluded 

that the decrease was 3 deaths per 1000 women screened at 

age 40–74, which corresponds to the results of the present 

study.

Other studies have reported that disparities in breast 

cancer mortality in Western countries can be due to treatment 

improvements27–29 and decreased use of postmenopausal 

hormones.30 The present study results were not corrected with 

changes in treatment and use of postmenopausal hormones as 

this information was not available in the current database. The 

survival among cases diagnosed before and after the year 2000 

was, however, analyzed according to the mode of detection 

and corrected for the effect of risk factors (data not shown). 

These results confirmed that survival was non-significantly 

different for screen-detected cases (P = 0.81) and refuser cases 

(P = 0.45) diagnosed before and after the year 2000, which does 

not support the conclusion that changes in treatment and use of 

postmenopausal hormones have played an important role in the 

observed decreased disease specific mortality after 1995.

Finally, although the strength of this study is that it is 

population based on a 22-year screening period, it is, however, 

affected by the following limiting factors: the multivariate 

analyses have not been corrected for theoretical biases, such as 

selection bias, a decision based on other study results showing 

that adjustment for theoretical biases has a limited effect 

on estimates obtained from other mammography trials;8,23 

the multivariate analyses are affected by lead time bias31 

due to advanced diagnosis of aggressive disease; and the 

mortality analyses after the start of screening are based on 

cases diagnosed before and after start of screening. The effect 

of these factors should be minimized, however, by the long 

screening period analyzed separately for the periods before 

and after the year 2000 and the fact that the mortality analyses 

take into account the lag time from start of screening to the 

mortality reduction.

Conclusion
The study results indicate that mammography screening is 

an effective approach to lower the mortality rate of breast 

cancer with acceptable rates of recalls and referrals for further 

diagnosis and treatment.
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