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Abstract
Background: Although breast cancer screening reduces breast cancer mortality at
the population level, subgroups of women may benefit differently. We investigated
the impact of health status on the effect of breast cancer screening.
Methods: The study included 181 299 women invited in two population-based
screening programs in Denmark and 1 526 446 control subjects, followed from April
1981 to December 2014. Poisson regressions were used to compare the observed
breast cancer mortality rate in women invited to screening with the expected rate in
the absence of screening among women with and without chronic diseases. Chronic
diseases were defined as any diagnosis in the Charlson Comorbidity Index during
4 years before the first invitation to screening.
Results: Almost 10% of women had chronic diseases before first invitation to screening. Whereas we observed a reduction in breast cancer mortality following invitation
to screening of 28% (95% CI, 20% to 35%) among women without chronic diseases,
only a 7% (95% CI, −39% to 37%) reduction was seen for women with chronic diseases (P-value for interaction = .22). For participants, the reduction, corrected for
selection bias, was 35% (95% CI 16% to 49%) for women without, and 4% (95% CI
−146% to 62%) for women with chronic diseases (P-value for interaction = .43).
Conclusion: Our data indicate a marginal effect of mammography screening on
breast cancer mortality in women with chronic diseases. If our results are confirmed
in other populations, the presence of chronic diseases will be an important factor to
take into consideration in personalized screening.
KEYWORDS
breast cancer mortality reduction, Breast cancer screening, chronic diseases, impact of screening,
personalized screening, register-based study

IN T RO D U C T ION

Early detection of breast cancer by mammography screening has
reduced breast cancer mortality. In both the United States and
Europe, official guidelines recommend biennial screening for

women aged 50 to 69 or 74 years, but starting age at 40 years is
also quite common.1,2 At the population level, we show a 20%
reduction in breast cancer mortality in Danish women invited
to a population-based screening program.3 Nevertheless, subgroups of women may contribute very differently to this average.
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Attempts are currently made to move screening from the
“one model fits all” to more personalized screening. Models
for prediction of breast cancer risks are now being developed
to form a more comprehensive basis for personalized screening.4,5 Besides breast density, these models include family
history of breast cancer, life style factors, and genetic variants.
Screening trials based on such models are currently under way
as the American WISDOM study6 and the European MyPEBS
study,7 where women are randomized to either a personalized,
risk-based screening strategy or to routine screening.
Here we investigated the potentials for personalized screening from a different perspective. We focused on the impact of
health status on the actual outcome of screening, comparing
women who had with women who had not been offered screening, stratified by health status. Several studies have shown that
comorbidity increases mortality from breast cancer as well as
all-cause mortality.8-10 Women with severe comorbidities are
less likely to receive appropriate treatment than women without comorbidities.10,11 However, due to their comorbidities
and consequently their high risk of dying from other causes
of death, even appropriately treated women may not live long
enough to benefit from early detection and treatment. In a recent study, Demb et al found that older, screened women with
comorbidity had a higher risk of dying from other cause of
death than older, screened women without comorbidity, but
the risk of being diagnosed with or dying from breast cancer
was the same in the two groups.12 These results suggested a
limited benefit of breast cancer screening in older women with
comorbidities, but the actual effect remains untested.
In the present study, we tested whether the presence of
chronic disease modified the effect of screening on breast
cancer mortality in women invited to population-based
screening in Denmark, using individual-level data.
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Breast cancer screening program

In Denmark, organized breast cancer screening programs
started in Copenhagen municipality on 1 April 1991 and in the
county of Funen on 1 November 1993. These two pioneer programs covered 20% of Danish women and invited to screening every second year women aged 50 to 69 years. Screening
in the rest of Denmark was implemented in 2007-2008.

2.2
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Study and control groups

Thanks to the gradual implementation of breast cancer screening, Denmark can be seen as a “natural experiment” with
screened and non-screened regions (Table S1). Hence, this
setting allowed for both regional and historical comparisons.

BEAU et al.

Briefly, the design consisted of one study group of birth cohorts invited to screening; and of three control groups: a regional control group including the same birth cohorts from
regions of Denmark where screening was not implemented;
a historical control group including birth cohorts from the
screening regions prior to screening; and a historical, regional control group including birth cohorts from the nonscreening regions in this historical period. Figure 1 represents
the Lexis's diagrams for women included in the study.
The study group included women invited to screening in
the Copenhagen pioneer program between 1 April 1991 and
31 December 2007, and women invited to the Funen pioneer
program between 1 November 1993 and 31 December 2007.
Women were included from their first date of invitation to
screening. The regional control group included women living in
non-screening regions of Denmark during the same period. We
followed women in these groups until 31 December 2014, except
for women born after 31 December 1937 that were followed only
until 31 December 2007, when they started to be invited in the
national screening program (Figure 1, Method S1 and Table S2).
We used two historical control groups; first, women living
prior to screening in Copenhagen between 1 April 1981 and
31 March 1991 or in Funen between 1 November 1981 and
31 October 1993 (the historical study group); second, women
living in non-screening regions (historical, regional control
group) during the same period. We followed women in the
historical groups until the start of the pioneer programs, that
is 31 March 1991 for Copenhagen and until 31 October 1993
for Funen. However, women living in Copenhagen born before 1 April 1921 (and women living in Funen born before 1
November 1923) were followed until 31 December 2004, as
these women were already above screening age when the national program started (Figure 1, Method S1 and Table S2).
We allocated a pseudo-invitation date to women in the
control groups, following the algorithm used for the study
group. In all groups, we excluded women diagnosed with
breast cancer before first invitation (pseudo-invitation).
We used the three control groups to estimate the expected
outcome in the absence of screening. The expected outcome
in the absence of screening was estimated by the outcome in
the non-screening region (regional control group) controlling
for historical differences between the outcome in the screening region (historical study group) and the outcome in the
non-screening region (historical, regional control group). In
this way, we controlled for differences between regions and
changes over time that could affect breast cancer mortality.
This study design has been described in detail previously.3,13

2.3

|

Data source

Individual data on vital status and current and historical addresses were retrieved from the Danish Central Population
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F I G U R E 1 Study design illustrated in Lexis’ diagrams. The groups were constructed using the date of birth and current and historical
addressees retrieved from the Danish Central Population Register. The areas surrounded by the solid line represent the (pseudo-) screening period,
and the areas surrounded by the dotted line the (pseudo-) after screening period. The former and the latter represent the follow-up period.

Register.14 We identified breast cancer diagnoses from the
Danish Cancer Register,15 and underlying causes of death
from the Danish Cause of Death Register.16 Data on dates of
invitation and screening attendance were received from the
screening registers in Copenhagen and Funen. We retrieved
information on chronic diseases from the Danish National
Patient Register,17 which includes diagnoses for all in-patient
contacts to Danish hospitals somatic wards since 1977, and
for all out-patient contacts, and in-patient contacts to psychiatric wards since 1995. Diagnoses are classified according
to the International Classification of Disease, 8th revision
(ICD-8) until the end of 1993 and 10th revision (ICD-10)
thereafter. We linked the data using the personal identification number assigned to all residents in Denmark.

2.4
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Chronic diseases data

All discharge diagnoses (primary, secondary, and additional
diagnoses) during the 4 years before invitation (pseudoinvitation) to screening were used to detect the presence
of chronic diseases included in the Charlson Comorbidity
Index.18 These diseases included liver diseases, myocardial

infarction, congestive heart failure, peripheral vascular disease, chronic pulmonary disease, cerebrovascular disease,
hemiplegia, dementia, connective tissue disease, ulcer disease, diabetes, renal disease, cancer, and HIV/AIDS, see
Table S2 in the Supplementary Data for ICD codes. We excluded codes for breast cancer because the population was
breast cancer-free at the start of follow-up. Women were
categorized as having no or one or more chronic diseases at
beginning of follow-up.

2.5
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Outcomes

We assessed breast cancer mortality defined as death from
breast cancer (ICD-8; 174 and ICD-10; C50, D50).

2.6
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Statistical analysis

We tabulated women by age (50-54, 55-59, 60-64, 64-69, 7074) and prevalent chronic diseases at beginning of follow-up.
To analyze the effect of invitation to screening, we modeled a Poisson regression comparing the observed breast
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cancer-specific mortality rate in women invited to screening with the expected rate in the absence of screening,3 see
Method S2 in the Supplementary Data. This analysis was
made separately for women having no and for women having
one or more chronic diseases.
We used the “Evaluation model” conceptualized by
Nyström et al19 and Beau et al3 The model includes breast
cancer deaths in women diagnosed with breast cancer
during screening age (ie, we added 6 months to allow time
for diagnosis), and equivalent for the control groups. For
women of screening age, person-years were accumulated
from date of invitation (or pseudo-invitation) until date of
death, emigration, or end of follow-up, whichever came
first. For women after screening age, person-years were accumulated in the same way but only for women with breast
cancer diagnosed during screening age. This model minimizes the dilution of the screening effect from breast cancer
deaths in patients diagnosed after end of screening age.3
We assessed the effect modification by health status using
a likelihood ratio test.
We conducted supplementary analyses on women participating at first invitation to screening using the method by
Duffy et al.20 The rate ratio for participants compared with
that of nonparticipants was adjusted for the increased breast
cancer mortality rate in nonparticipants calculated as: RR2 =
p𝜓Dr
1−(1−p)Dr , where p denotes the proportion of participants at first
invitation to screening, 𝜓 is the estimated rate ratio for participants compared with nonparticipants, and Dr is the rate ratio
for nonparticipants compared with uninvited control groups.
Results were adjusted by current age (divided into 5-year
age group) and expressed as rate ratios (RR) with two-sided
and 95% confidence interval (CI). We analyzed data using
SAS version 9.4 (SAS Institute Inc, Cary, NC).
It was not possible to calculate the power of the study beforehand as we did not know the size of the group of women
having chronic diseases before we had linked and edited all
the register data.

3
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R ES U LTS

The study was based on 12 598 866 person-years, 1 421 769
from women invited to screening, and 11 177 097 from control subjects.
Overall, the mean age at beginning of follow-up was
57.0 ± 6.2 years. The prevalence of chronic diseases before
first invitation (pseudo-invitation) to screening was 7% to 9%
(Table 1), with vascular disease, chronic pulmonary disease,
and cancer (other than breast cancer) as the most common.
For the study group as a whole, we observed a 26% reduction in breast cancer mortality after invitation to screening (age-adjusted RR = 0.74 (95% CI, 0.66-0.82); Table 2).
However, the effect of invitation to screening on breast

BEAU et al.

cancer mortality was only 7% in women with chronic diseases (age-adjusted RR = 0.93 (95% CI, 0.63-1.39)), whereas
the effect was 28% in women without chronic diseases
(age-adjusted RR = 0.72 (95% CI, 0.65-0.80)). The difference between the two groups of women did not reach statistical significance (P-value for interaction = 0.22).
Participation at first invitation to screening was 71%
among women with chronic diseases versus 77% among
those without (Table 3). For women with chronic diseases
before follow-up, the RR of breast cancer mortality was 0.70
(95% CI, 0.43-1.13) for participants at first invitation, the
RR for nonparticipants was 1.25 (95% CI, 0.74-2.09), and
the corrected RR of dying from breast cancer for participants
with chronic diseases became 0.96 (95% CI, 0.38-2.46). For
women without chronic diseases, the RR for participants was
0.51 (95% CI, 0.44-0.59), and 1.21 (95% CI, 1.04-1.40) for
nonparticipants, and the RR of dying from breast cancer for
participants without chronic diseases became 0.65 (95% CI,
0.51-0.84). The difference between the two groups of participants did not reach statistical significance (P-value for
interaction = 0.43).

4

|

DISCUSSION

We observed that invitation to organized, population-based
screening was associated with a reduction of only 7% in
breast cancer mortality among women with chronic diseases,
while a 28% reduction was observed among women without chronic diseases. Attendance to screening was lower in
women with than in women without chronic diseases, but the
difference in effect of screening among participants was even
larger than for all invited women. After controlling for selection bias, participating women with chronic diseases experienced a 4% reduction in breast cancer mortality, while the
reduction was 35% among participants without chronic diseases. The Danish screening programs invited women aged
50 to 69 years old, and only 9% of invited women suffered
from chronic diseases. Despite the large difference observed
in the effect of screening between women with and women
without chronic diseases, our groups were too small for the
difference to reach statistical significance.
A limited effectiveness of screening in women with
chronic diseases might be expected. First, already before invitation to screening women with chronic diseases may be
under clinical surveillance with the possibility of having
early symptoms of breast cancer investigated. Nevertheless,
we cannot separate out a possible effect of clinical surveillance from a possible effect of a higher breast cancer risk, for
example in women with diabetes.21 Secondly, breast cancer
patients with chronic diseases may have received less optimal
treatment than women without chronic diseases, as clinicians
may be concerned about the toxicity of treatment, treatment
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TABLE 1

Number of women invited to breast cancer screening in two early, organized programs in Denmark (study group), and number of
women in three control groups; number of women by age, and number of women with chronic diseases
Study Group
(N = 181 299)

Regional Control Group
(N = 822 370)

Historical Study Group
(N = 162 518)

Historical, Regional Control
Group (N = 541 558)

Age category at beginning of follow-up, N(%)
50-54 yr

105 109 (57.98)a

517 886 (62.97)

63 700 (39.20)

242 211 (44.72)

55-59 yr

25 464 (14.05)

101 036 (12.29)

29 406 (12.09)

101 037 (18.66)

60-64 yr

23 793 (13.12)

93 279 (11.34)

32 470 (19.98)

95 106 (17.56)

65-69 yr

23 464 (12.94)

90 063 (10.95)

32 066 (19.73)

84 357 (15.58)

70-74 yr

3469 (1.91)

20 106 (2.44)

4876 (3.00)

18 847 (3.48)

Chronic diseases at beginning of follow-upb , N (%)
No chronic diseases

165 749 (91.42)

761 389 (92.58)

151 161 (93.01)

One or more chronic
diseases

15 550 (8.58)

60 981 (7.42)

11 357 (6.99)

4308 (2.38)

17 784 (2.16)

3318 (2.04)

162 (0.09)

532 (0.06)

216 (0.13)

518 (0.10)

Chronic pulmonary
disease

3358 (1.85)

12 199 (1.48)

1813 (1.12)

5991 (1.11)

Connective tissue
disease

1784 (0.98)

7885 (0.96)

11 411 (0.87)

4628 (0.85)

Ulcer disease

1408 (0.78)

6086 (0.74)

1279 (0.79)

4488 (0.83)

Diabetes 1 and 2

2586 (1.43)

8852 (1.08)

1542 (0.95)

5469 (1.01)

844 (0.47)

2395 (0.29)

547 (0.34)

1267 (0.23)

Vascular disease
Dementia

Liver disease
Hemiplegia
Moderate to severe
renal disease
Cancerc
AIDS

504 034 (93.07)
37 524 (6.93)
11 523 (2.13)

61 (0.03)

336 (0.04)

83 (0.05)

286 (0.05)

411 (0.23)

1602 (0.19)

407 (0.25)

1554 (0.29)

3106 (1.71)

12 668 (1.54)

2600 (1.60)

8168 (1.51)

35 (0.02)

34 (0.00)

0 (0.00)

d

a

324 women were less than 50 years at invitation to screening.

b

During the 4 years before invitation (pseudo-invitation) to screening, women can have more than one chronic disease.

c

Breast cancer diagnosis was not counted.

d

Three or less individuals.

might be less effective, or life expectancy might be judged
too short to justify treatments10,11 Using Danish data, Land
et al reported that breast cancer patients with comorbidities
were less likely than those without to be enrolled in treatment protocols; 57% vs 76%.22 Thirdly, breast cancer patients
with chronic diseases may have benefitted less from a given
treatment than those without chronic diseases. The data on
efficacy of breast cancer treatment derive mainly from randomized control trials where women with comorbidities
are, mostly, excluded. However, using observational studies,
Land et al showed that patients with comorbidities who actually received adjuvant treatment benefitted to the same extent
as patients without comorbidity.22,23 Finally, the effectiveness of screening depends on the sensitivity of the test. We
estimated the sensitivity of the Copenhagen program as the
proportion of screen-detected cancer out of all breast cancer
diagnosed within 24 months of the first invitation (or before
the next screen). We found the sensitivity to be slightly lower,

but not statistically different, among women with chronic diseases 56% (95% CI, 45%–66%) than for women without 66%
(95% CI, 63%–70%). Sensitivity is often used as a short-term
indicator of screening effectiveness,24 and our results indicate that sensitivity by health status at invitation may be an
indicator for the expected effect of screening on breast cancer
mortality.
Age at screening has been a key topic in the investigation of differential effects of screening on breast cancer
mortality,1 but few studies have focused on other factors. In
a case-control study nested in a population-based screening
program in Nijmegen, the Netherlands, Ripping et al25 found
the reduction in breast cancer mortality to be slightly stronger, but nonsignificantly, in women with low than in women
with high socioeconomic status, and Waal et al26 found a
smaller breast cancer mortality reduction among women
with dense than among women with fatty breasts. Demb
et al estimated the 10-year risk of invasive breast cancer,

903/ 1421/ 63.5

821/ 1322/ 62.1

82/ 99/ 82.6

Overall

No chronic diseases

One or more
chronic diseases

321/ 397/ 80.8

4,527/ 6,336/ 71.5

4,848/ 6,733/ 72.0

Abbreviations: CI, confidence interval; PY, person-years.

55/ 63/ 86.7

833/ 1,019/ 81.7

888/ 1,082/ 82.0
160/202/ 79.0

2,095/3,159/66.3

2,255/3,361/67.1

Historical, Regional
Control Group

Screening effect = Study Group/Expected rate in the absence of screening.

88.7

88.1

88.0

Rate per 100 000 PY

Expected rate in the absence of
screeninga

0.93 (0.63-1.38)

0.71 (0.63-0.79)

0.72 (0.65-0.80)

Crude rate ratio
(95% CI)

Screening effectb

0.93 (0.63-1.39)

0.72 (0.65-0.80)

0.74 (0.66-0.82)

Age-adjusted rate
ratioc (95% CI)

58/ 76/ 76.2

298/ 298/ 100.0

24/ 23/ 103.8

274/ 275/ 99.7

Comparison between
nonparticipants and noninvited
control groupsb

0.70 (0.43-1.13)

0.51 (0.44-0.59)

0.52 (0.45-0.60)

1.25 (0.74-2.09)

1.21 (1.04-1.40)

1.21 (1.05-1.39)

Age-adjusted rate ratiod (95% CI)

Screening effect among
participantsa

Described in Duffy et al20 as RR2, the effect of offering screening to those who would participate if invited.

Adjusted by current 10-year age group

d

0.96 (0.38-2.46)

0.65 (0.51-0.84)

0.67 (0.53-0.86)

Screening effect among participants,
corrected for selection biasc

  

c

Described in Duffy et al20 as Dr, the RR of breast cancer mortality for nonparticipants compared with noninvited control groups.

Described in Duffy et al20 as 𝜓 , the RR of breast cancer mortality for participants in the first invitation to screening compared with nonparticipants.

b

a

Abbreviations: CI, confidence interval; PY, person-years.

11,076 (71.23)

One or more
chronic diseases

547/ 1048/ 52.2

605/ 1123/ 53.8

138,692 (76.50)

127,616 (76.99)

Overall

No chronic
diseases

No. of breast cancer deaths/PY per
1,000/ rate per 100 000 PY

N (%)

Nonparticipants in
the Study Group

Participants in
the Study Group

Participation in the first
invitation to screening

Rate ratio estimates for the effect of screening on breast cancer mortality; all participating women after first invitation to screening, participating women without chronic diseases, and
participating women with chronic diseases

TABLE 3

Adjusted by current 5-year age groups.

c

b

Expected rate in the absence of screening = Regional Control Group x (Historical Study Group/Historical, Regional Control Group).

a

Historical Study
Group

No. of breast cancer deaths/PY per 1,000/rate per 100 000 PY

Regional Control
Group

|

Study Group

Breast cancer deaths, person-years, breast cancer mortality rates, and rate ratio estimates for the effect of screening on breast cancer mortality; all invited women, invited women
without chronic diseases, and invited women with chronic diseases

TABLE 2

4000
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breast cancer death, and other cause of death according to
comorbidity and age among women screened at ages 66 to
94 years without a history of breast cancer.12 As expected, the
non-breast cancer-related mortality increased with increasing
comorbidity. As expected, the breast cancer mortality was
low in these women who were breast cancer-free at the time
of recruitment, and it did not vary across comorbidity group.
These results support the findings from the Swedish randomized trials, showing that breast cancer deaths constitute only
a small proportion of all deaths.27 The Demb et al data cannot
directly be compared with our data because it include women
screened up to age 94 years, which is far beyond the stop
of screening at age 69 years in Denmark. Moreover, Demb
et al did not test the differential effect of screening between
women with and without chronic diseases.
For the population at large, a meta-analysis of randomized control trials from the US and Sweden estimated that to
prevent one breast cancer death per 1000 screened women,
the women should have a remaining life expectancy of at
least 10 years.28 Some US screening guidelines, for instance
from the American Cancer Society,29 recommend stopping
screening in women with a remaining life expectancy of less
than 10 years, while Europe screening guidelines are based
solely on age.2 In any case, assessing the remaining life expectancy of a woman is challenging. Hence, the burden of
chronic diseases of an individual might be the best proxy
for the remaining life expectancy. For instance, studies have
used comorbidity scores to develop comorbidity-adjusted life
expectancy tables.30,31 Moreover, mortality indices that take
into account age and medical conditions have been used in
clinical practice to predict the 4- to 10-years mortality.32,33
These studies highlight that the health status could help in
tailoring cancer screening decisions. Our approach, based
on the presence or absence of chronic diseases, might be a
more direct way to distinguish women likely to benefit from
screening from those not likely to benefit. Information on the
presence of diseases is easily available either from asking the
woman or, as in our case, from national health registers.
Without partitioning our population based on the presence or absence of chronic diseases prior to screening, we
found a 26% breast cancer mortality reduction in women
invited for screening and a 33% reduction in screened
women. These results are in line with previous evidence
as reported by the IARC report.24 Our analysis in women
with chronic diseases at the time of invitation to screening showed little impact of screening in this population.
This result is new, and further research is needed to test
our findings. If similar patterns are observed, the presence
of chronic diseases is an important factor to consider in
personalized screening. Individualized decision-making
approaches, for instance, taking into account the severity
of the chronic diseases, the likelihood to tolerate breast
cancer treatment, the women's age and preferences, might

|
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be offered to women with chronic diseases to improve their
potential benefit from screening and to optimize the healthcare resources.
Moreover, more knowledge of harms of screening is
needed for building a complete picture of the screening balance for women with chronic diseases. In a modeling study
using data from England and Norway, Falk and Hofvind estimated that in a population offered screening, between 2% and
4% of women diagnosed with breast cancer would die from
other causes within the estimated lead-time.34 Owing to the
reduced life expectancy, we expect this inevitable proportion
of overdiagnosed breast cancer cases to be larger in women
with than in women without chronic diseases.

4.1

|

Limitations and strengths

Our study has limitations. The Charlson Comorbidity
Index18 identified from hospital records may not capture
all diseases associated with breast cancer mortality; some
women with chronic diseases but without hospital contacts during the last 4 years may be misclassified to the
no chronic diseases group. Thus, it underestimated the true
difference between the two groups. In addition, our study
was based on a young population at beginning of follow-up
limiting the size of the group of women with chronic diseases. A broad range of diseases is included in the Charlson
Comorbidity Index; however, due to the relatively small
size of the group of women with chronic diseases, we were
not able to study subgroups. Lastly, the denominator in
our calculation of the post-screening rate of breast cancer
mortality could potentially have been inflated if we had
many nonlethal overdiagnosed breast cancer cases, but in
Denmark, with sufficient time for post-screening followup, overdiagnosis was estimated to account for only 2.3%
of breast cancer cases.35
The strengths of our study are the cohort design with
inclusion of a study group invited to screening and three
control groups not invited to screening, and use of individual linkage between registers with complete follow-up of
all groups. In our data, the study group includes only observations from women actually targeted by screening. This
is in contrast to routine statistics data, like NORDCAN,
where the tabulation by age groups will include observations from many women not targeted by screening.
Opportunistic screening was rare in Denmark, ensuring
that there was very little contamination of screening in
the control groups.36 Data used to derive women's health
status before follow-up were from a national register with
complete registration of hospital contacts. Furthermore,
the Charlson Comorbidity Index is a validated tool, which
has been used intensively, allowing for comparison of our
findings with previous studies.

4002
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CO NC LU SION

In conclusion, among women without chronic diseases, we
observed a 28% reduction in breast cancer mortality following invitation to screening. However, the reduction was only
7% among women with chronic diseases. This difference
was even larger among participants with a 35% reduction for
women without and 4% for women with chronic diseases.
Even though the differences between the groups did not reach
statistical significance, our data indicate that not only the expected risk of breast cancer but also the expected benefit and
harm from participating in screening might be considered in
personalized screening.
ACKNOWLEDGMENTS
This work was supported by the Independent Research
Fund of Denmark (7016-00143B); the Kirsten and Freddy
Johansen Fund (Research Award 2016); and the Fabrikant
Vilhelm Pedersen og hustrus Fund (NNF 160C0023000).
The funders of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report.
CONFLICT OF INTEREST
The authors have declared no conflict of interest.
AUTHOR CONTRIBUTIONS
EL and ABB designed the study. AsBB, GMN, and EL
collected and assembled the data. ABB performed the statistical analyses. GMN and PKA reviewed the statistical
analyses. ABB, GMN, and EL had full access to all of the
data in the analyses. ABB and EL drafted the manuscript.
All authors interpreted the data and critically revised the
manuscript for important intellectual content. All authors
approved the final version of the manuscript to submit for
publication.
ETHICS
The study was approved by the Danish Data Protection
Agency (No. 2015-57-0121).
DATA AVAILABILIT Y STATEMENT
Research data are not shared.
ORCID
Anna-Belle Beau
https://orcid.
org/0000-0003-4631-100X
R E F E R E NC E S

1. Siu AL. on behalf of the U.S. Preventive Services Task Force.
Screening for Breast cancer: U.S. preventive services task force
recommendation statement. Ann Intern Med. 2016;164(4):279.
https://doi.org/10.7326/M15-2886.

BEAU et al.

2. Armaroli P, Villain P, Suonio E, et al. European code against
cancer, 4th Edition: cancer screening. Cancer Epidemiol.
2015;39:S139-S152. https://doi.org/10.1016/j.canep.2015.10.021.
3. Beau A-B, Andersen PK, Vejborg I, Lynge E. Limitations
in the effect of screening on breast cancer mortality. J Clin
Oncol.
2018;36(30):2988-2994.
https://doi.org/10.1200/
JCO.2018.78.0270.
4. Lee A, Mavaddat N, Wilcox AN, et al. BOADICEA: a comprehensive breast cancer risk prediction model incorporating genetic
and nongenetic risk factors. Genet Med. January 2019:1. https://
doi.org/10.1038/s41436-018-0406-9.
5. Maas P, Barrdahl M, Joshi AD, et al. Breast cancer risk from modifiable and nonmodifiable risk factors among white women in the
United States. JAMA Oncol. 2016;2(10):1295-1302. https://doi.
org/10.1001/jamaoncol.2016.1025.
6. Shieh Y, Eklund M, Madlensky L, et al. Breast cancer screening
in the precision medicine era: risk-based screening in a population-based trial. JNCI J Natl Cancer Inst. 2017;109(5):djw290.
https://doi.org/10.1093/jnci/djw290.
7. Home Page - MyPeBS. https://mypebs.eu/. Accessed June 13,
2019.
8. Ording AG, Cronin-Fenton DP, Jacobsen JB, et al. Comorbidity
and survival of Danish breast cancer patients from 2000–2011:
a population-based cohort study. Clin Epidemiol. 2013;5(Suppl
1):39-46. https://doi.org/10.2147/CLEP.S47152.
9. Land LH, Dalton SO, Jensen M-B, Ewertz M. Impact of comorbidity on mortality: a cohort study of 62,591 Danish women diagnosed with early breast cancer, 1990–2008. Breast Cancer Res Treat.
2012;131(3):1013-1020. https://doi.org/10.1007/s10549-011-1819-1.
10. Berglund A, Wigertz A, Adolfsson J, et al. Impact of comorbidity on management and mortality in women diagnosed with breast
cancer. Breast Cancer Res Treat. 2012;135(1):281-289. https://doi.
org/10.1007/s10549-012-2176-4.
11. Yancik R, Wesley MN, Ries LAG, Havlik RJ, Edwards BK, Yates
JW. Effect of age and comorbidity in postmenopausal breast cancer patients aged 55 years and older. JAMA. 2001;285(7):885-892.
https://doi.org/10.1001/jama.285.7.885.
12. Demb J, Breast Cancer Surveillance Consortium, Abraham L, et
al. Screening mammography outcomes: risk of breast cancer and
mortality by comorbidity score and age. JNCI J Natl Cancer Inst.
2019;(djz172). doi:djz172.
13. Helene Olsen A, Helle Njor S, Vejborg I, et al. A model for determining the effect of mammography service screening. Acta
Oncol. 2005;44(2):120-128. https://doi.org/10.1080/02841
86051
0007576.
14. Schmidt M, Pedersen L, Sørensen HT. The Danish civil registration
system as a tool in epidemiology. Eur J Epidemiol. 2014;29(8):541549. https://doi.org/10.1007/s10654-014-9930-3.
15. Gjerstorff ML. The Danish Cancer Registry. Scand J Public
Health. 2011;39(7_suppl):42-45. https://doi.org/10.1177/14034
94810393562
16. The H-L. Danish register of causes of death. Scand J Public
Health. 2011;39(7_suppl):26-29. https://doi.org/10.1177/14034
94811399958.
17. Lynge E, Sandegaard JL, The RM, Register DNP. Scand J Public
Health. 2011;39(7_suppl):30-33. https://doi.org/10.1177/14034
94811401482.
18. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method
of classifying prognostic comorbidity in longitudinal studies: development and validation. J Chronic Dis. 1987;40(5):373-383.

BEAU et al.

19. Nyström L, Andersson I, Bjurstam N, Frisell J, Nordenskjöld B,
Rutqvist LE. Long-term effects of mammography screening: updated overview of the Swedish randomised trials. Lancet Lond
Engl. 2002;359(9310):909-919. https://doi.org/10.1016/S0140
-6736(02)08020-0.
20. Duffy SW, Cuzick J, Tabar L, et al. Correcting for non-compliance bias in case–control studies to evaluate cancer screening
programmes. J R Stat Soc Ser C Appl Stat. 2002;51(2):235-243.
https://doi.org/10.1111/1467-9876.00266.
21. Hardefeldt PJ, Edirimanne S, Eslick GD. Diabetes increases the
risk of breast cancer: a meta-analysis. Endocr Relat Cancer.
2012;19(6):793-803. https://doi.org/10.1530/ERC-12-0242.
22. Land LH, Dalton SO, Jensen M-B, Ewertz M. Influence of comorbidity on the effect of adjuvant treatment and age in patients with
early-stage breast cancer. Br J Cancer. 2012;107(11):1901-1907.
https://doi.org/10.1038/bjc.2012.472.
23. Ewertz M, Land LH, Dalton SO, Cronin-Fenton D, Jensen M-B.
Influence of specific comorbidities on survival after early-stage
breast cancer. Acta Oncol. 2018;57(1):129-134. https://doi.
org/10.1080/0284186X.2017.1407496.
24. Lauby-Secretan B, Scoccianti C, Loomis D, et al. Breast-cancer
screening — viewpoint of the IARC working group. N Engl J
Med. 2015;372(24):2353-2358. https://doi.org/10.1056/NEJMs
r1504363.
25. Ripping TM, van der Waal D, Verbeek ALM, Broeders MJM.
The relative effect of mammographic screening on breast cancer mortality by socioeconomic status. Medicine (Baltimore).
2016;95(31):e4335.
https://doi.org/10.1097/MD.0000000000
004335.
26. van der Waal D, Ripping TM, Verbeek AL, Broeders MJ. Breast
cancer screening effect across breast density strata: A case–control
study. Int J Cancer. 2017;140(1):41-49. https://doi.org/10.1002/
ijc.30430.
27. Larsson L-G, Nyström L, Wall S, et al. The Swedish randomised
mammography screening trials: analysis of their effect on the breast
cancer related excess mortality. J Med Screen. 1996;3(3):129-132.
https://doi.org/10.1177/096914139600300305.
28. Lee SJ, Boscardin WJ, Stijacic-Cenzer I, Conell-Price J, O’Brien
S, Walter LC. Time lag to benefit after screening for breast and
colorectal cancer: meta-analysis of survival data from the United
States, Sweden, United Kingdom, and Denmark. The BMJ.
2013;346:e8441. https://doi.org/10.1136/bmj.e8441.

  

|

4003

29. Smith RA, Andrews KS, Brooks D, et al. Cancer screening in the
United States, 2019: a review of current American cancer society
guidelines and current issues in cancer screening. CA Cancer J
Clin. 2019;69(3):184-210. https://doi.org/10.3322/caac.21557.
30. Cho H, Klabunde CN, Yabroff KR, et al. Comorbidity-adjusted
life expectancy: a new tool to inform recommendations for optimal screening strategies. Ann Intern Med. 2013;159(10):667-676.
https://doi.org/10.7326/0003-4819-159-10-201311190-00005.
31. Mariotto AB, Wang Z, Klabunde CN, Cho H, Das B, Feuer EJ.
Life tables adjusted for comorbidity more accurately estimate
noncancer survival for recently diagnosed cancer patients. J Clin
Epidemiol. 2013;66(12):1376-1385. https://doi.org/10.1016/j.jclin
epi.2013.07.002.
32. Yourman LC, Lee SJ, Schonberg MA, Widera EW, Smith AK.
Prognostic indices for older adults: a systematic review. JAMA.
2012;307(2):182-192. https://doi.org/10.1001/jama.2011.1966.
33. Walter LC, Schonberg MA. Screening mammography in older
women: a review. JAMA. 2014;311(13):1336-1347. https://doi.
org/10.1001/jama.2014.2834.
34. Falk RS, Hofvind S. Overdiagnosis in mammographic screening because of competing risk of death. Cancer Epidemiol Prev Biomark.
2016;25(5):759-765. https://doi.org/10.1158/1055-9965.EPI-15-0819.
35. Njor SH, Olsen AH, Blichert-Toft M, Schwartz W, Vejborg I,
Lynge E. Overdiagnosis in screening mammography in Denmark:
population based cohort study. BMJ. 2013;346:f1064.
36. Jensen A, Olsen AH, von Euler-Chelpin M, Helle Njor S, Vejborg I,
Lynge E. Do nonattenders in mammography screening programmes
seek mammography elsewhere? Int J Cancer. 2005;113(3):464470. https://doi.org/10.1002/ijc.20604.

SUPPORTING INFORMATION
Additional supporting information may be found online in
the Supporting Information section.
How to cite this article: Beau A-B, Napolitano GM,
Ewertz M, et al. Impact of chronic diseases on effect
of breast cancer screening. Cancer Med. 2020;9:3995–
4003. https://doi.org/10.1002/cam4.3036

