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Purpose: In this cross-sectional study, we evaluated the association between morbidity and

participation in the prevalence round of the Danish national mammography screening program.

Patients and Methods: Morbidity was assessed by the Charlson Comorbidity Index (CCI)

score (0, 1–2, and ≥3) and by 19 individual diagnoses. We retrieved data on participation

from The Danish Quality Database of Mammography Screening and on diagnoses from The

Danish National Patient Registry. We estimated prevalence proportion ratios (PR) with 95%

confidence intervals (CI).

Results: In total, 519,009 (79.8%) women participated in the first national breast cancer

screening round. Relative to women with a CCI score of 0, the adjusted PRs were 0.96 (95%

CI: 0.95–0.96) for a CCI score of 1–2 and 0.80 (95% CI: 0.79–0.81) for a CCI score of ≥3.

Compared with no disease, the PRs for a diagnosis of the most prevalent, but less severe

diseases, chronic pulmonary disease, cerebrovascular disease, diabetes I and II were 0.93

(95% CI: 0.93–0.94), 0.96 (95% CI: 0.94–0.96), and 0.96 (95% CI: 0.95–0.97), respectively.

Among women with low prevalent, but most severe diseases, the PRs were 0.69 (95% CI:

0.60–0.81) for AIDS and 0.73 (95% CI: 0.70–0.76) for metastatic solid tumor.

Conclusion: Women with a high CCI score or one severe chronic condition are less likely to

participate in breast cancer screening compared to women without disease. However, these

women account for a small proportion of all non-participating women. Thus, it might be most

beneficial to maximize breast cancer screening participation in women with less severe although

more common morbidities.

Keywords: mass screening, mammography, breast cancer, patient compliance, morbidity

and comorbidity

Introduction
Breast cancer is the most common type of cancer among Danish women with approxi-

mately 4,600 women diagnosed per year.1 To reduce breast cancer-specific mortality and

morbidity, women in Denmark aged 50–69 years are invited biennially to mammography

screening free of charge. Local screening programs implemented in selected areas of

Denmark from 1991 to 2004 preceded the national screening program starting in 2007.2

To ensure the effectiveness of a screening program, high participation is required.

According to the European guidelines, the goal is that 75% or more of the invited

women participate.3 Participation in the Danish national breast cancer screening program

is being monitored annually by The Danish Quality Database of Mammography

Screening.2 After exclusion of women who actively had resigned from the program,
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and are therefore not invited for screening, overall participation

varied between 79% and 84% in the first four rounds

(2008–2015).4,5 Thus, the threshold of 75%was upheld nation-

ally, but there were notable regional differences.2,5 However, if

participation is evaluated according to the number of women

for whom screening was relevant (ie, all women aged 50–69

years living in Denmark) the participation rate was 75–76%

throughout the first four screening rounds with pronounced

regional variation (68% to83%).5Thus, a considerable number

of women did not participate in the national screening

program.

Studies indicate that women with a high level of educa-

tion, a high income, or being married are most likely to

participate.6–8 Although, one Danish study showed that the

educational gradient in women never participating was

U-shaped.9 Multimorbidity, defined as the occurrence of

multiple chronic conditions in the same individual, is

a growing problem.10,11 However, few high-quality studies

have examined morbidity as a predictor for participation in

breast cancer screening programs and the results are mixed.12

Two studies based on self-assessed health found that women

with increased morbidity had a higher participation rate com-

pared to those without morbidity.6,8 Another study reported

that even though poor self-assessed health was associated

with low screening participation, having one or more chronic

conditions increased participation. These women may have

frequent contact with the healthcare system and therefore be

more likely to be compliant.13 In contrast, a study showed that

one incremental increase in the Charlson Comorbidity Index

(CCI) score meant 17% less likelihood of participation.14

A recent study of breast cancer screening in one Danish

region showed that specific diseases such as kidney disease,

pulmonary disease, and diabetes as well as the co-occurrence

of two or more chronic diseases were inversely associated

with participation.15 The same study found that time elapsed

from the most recent disease-specific hospital contact until

screening invitation was associated with participation. Thus,

women with a contact less than two years before screening

relative to two years or more were less likely to participate.15

Based on a subset of studies with low risk of bias, a review

from 2017 showed that women with comorbidity were less

likely to participate. However, the authors emphasize the lack

of evidence regarding the effect of individual conditions on

participation, because most studies merely dichotomized

comorbidity (no versus any comorbidity).12

The aim of this study was to investigate morbidity as

a predictor of participation in the first round of the national

Danish breast cancer-screening program. We assessed

morbidity by the 19 individual diseases included in CCI,

and by the overall CCI score, which takes into account the

severity of the diseases included.

Patients and Methods
In this cross-sectional study, we included all women

invited to the first round (2007–2010) of the national

breast cancer screening program in accordance to The

Danish Quality Database for Mammography Screening

(DQMS).4 Each of the five regions in Denmark have

their own booking and invitation system. Based on daily

updates of addresses, these systems send personal screen-

ing invitations including date and place of screening to all

women of relevant age residing in the respective region.2

Data on date of invitation, screening date, region of resi-

dence, and the unique personal identification (CPR) num-

ber of each invited woman are transferred from each

region to DQMS. The CPR number is registered at every

hospital contact in Denmark and permits linkage between

different registries. The number also contains information

on date of birth.16

The Danish National Patient Registry (DNPR)17 con-

tains information on all hospitalizations since 1977, and all

outpatient activities since 1995. For this study, we

retrieved information from the DNPR on diagnoses based

on the 10th version of International Classification of

Diseases (ICD-10). Data on diagnoses for each woman

were extracted ten years back in time from the date of

breast cancer screening invitation.

The study is registered at Aarhus University Hospital

(2014-54-0922/J. no KEA-2016-18) in accordance with

Danish data protection regulations. Ethical approval is

not required for non-interventional register-based studies

in Denmark.

Study Population
From the 667,441 women whowere invited to the first screen-

ing round, we excluded 14,667 women who had a breast

cancer diagnosis prior to the invitation (Figure 1). In addition,

we excluded 2,771womenwhowere outside the intended age-

range of the screening program at the time of invitation (≤50
and ≥70 years). Thus, the final study population consisted of

650,003 women.Women who had previously requested not to

be invited for the preceding local mammography screening

programs in Copenhagen and on Funen were not invited to the

national screening program. These women are not included in

the DQMS; thus, the number is not available, and they are not

part of the present study population.2
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Outcome
Women were considered participants if they were regis-

tered in the DQMS with a screening date within the first

screening round.

Variables
We used CCI to quantify overall morbidity. CCI consists of

19 different chronic conditions and each disease is assigned

one of the four different weights (1, 2, 3, or 6) (Table 1). The

weights were initially developed to predict one-year mortal-

ity. A person’s overall CCI score takes into account both the

number of diseases and the seriousness of each disease.18

The total CCI score for women in our study was calculated

based on ICD-10 codes retrieved from the DNPR, 10 years

back in time. We categorized CCI scores in three groups, 0,

1–2, and ≥3. In addition to CCI score, the 19 diseases

included in the CCI were evaluated as separate predictors

for breast cancer screening participation.

Time elapsed from diagnosis to screening invitation

was defined as years following the latest disease-specific

diagnosis until date of invitation and was divided into four

groups: <1, 1–2, 3–4, and 5–10 years.

Age was determined at the time of invitation and

categorized as 50–54, 55–59, 60–64, and 65–69 years.

Information on the participants’ region of residence

(the Capital Region of Denmark, the Central Denmark

Region, the North Denmark Region, Region Zealand, and

Region of Southern Denmark) was included as each region

have their own booking system and are responsible for

sending personal invitations to the eligible women.2

Statistical Analysis
Characteristics of the study population (age, region of

residence, and CCI score) were described by frequencies

and proportions according to participation status.

To evaluate the crude association between participation

and potential predictors (age, region of residence, and CCI

score), we used a generalized linear model with a Poisson

Figure 1 Flowchart of study population.

Table 1 Included Diagnosis with ICD-10 Code in Charlson

Comorbidity Index (CCI) According to Their Respective Weight

CCI

Weight

Diagnosis ICD-10 Code

1

Myocardial infarction I21, I22, I23

Congestive heart failure I50, I110, I130, I132

Peripheral vascular

disease

I70, I71, I72, I73, I74, I77

Cerebrovascular disease I60-I69, G45, G46

Dementia F00-F03, F051, G30

Chronic pulmonary

disease

J40-J47, J60-J67, J684, J701, J703, J841,

J920, J961, J982, J983

Connective tissue disease M05, M06, M08, M09, M30, M31,

M32, M33, M34, M35, M36, D86

Ulcer disease K221, K25-K28

Mild liver disease B18, K700-K703, K709, K71, K73,

K74, K760

Diabetes I and II E100, E101, E109, E110, E111, E119

2

Hemiplegia G81, G82

Moderate to severe renal

disease

I12, I13, N00-N05, N07, N11, N14,

N17-N19, Q61

Diabetes with end organ E102-E108, E112-E118

Any tumora C00-C75a

Leukemia C91-C95

Lymphoma C81-C85, C88, C90, C96

3

Moderate to severe liver

disease

B150, B160, B162, B190, K704, K72,

K766, I85

6

Metastatic solid tumor C76-C80

AIDS B21-B24

Note: aBreast cancer excluded (C50).

Dovepress Viuff et al

Clinical Epidemiology 2020:12 submit your manuscript | www.dovepress.com

DovePress
511

http://www.dovepress.com
http://www.dovepress.com


distribution and robust standard errors and estimated crude

prevalence proportion ratios (PR) with 95% confidence inter-

vals (CI).19 In the first model, evaluating the association

between participation and region of residence and CCI

score, respectively, we adjusted for age. In a final model, we

mutually adjusted for age, region of residence, and CCI score.

To examine the association between participation and the

single diseases included in CCI, we calculated crude PRs as

well as PRs adjusted for region of residence and age. In

another model, we adjusted for region of residence, age, and

presence of any of the other diseases included in CCI. In

both, the unadjusted and the adjusted model women without

the specific disease of interest served as the reference group.

To evaluate if the association varied with respect to recency

of diagnosis the analysis was stratified by time since diag-

nosis (<1, 1–2, 3–4, and 5–10 years).

Data management and statistical analyses were con-

ducted in SAS 9.4 (SAS Institute Inc., Cary, NC, USA).

Results
The overall participation rate in the first breast cancer

screening round in Denmark was 79.8% (Table 2).

Participation decreased with increasing age. Among 65-

to 69-year-old women, 76.1% participated. Participation

varied by region from 74.2% in the Capital Region to

87.1% in the Region of Southern Denmark. Among

women with a CCI score of ≥3, 64.1% participated.

Among non-participants, 79.5% had a CCI score of 0,

16.7% had a score of 1–2, and 3.8% had a CCI score of

score ≥3.
The PR for participation adjusted for region of resi-

dence and CCI score was 0.95 (95% CI: 0.95–0.96) for

women aged 65–69 years compared with women aged

50–54 years (Table 3, model 2). Relative to women with

a CCI score of 0, the adjusted PRs were 0.96 (95% CI:

0.95–0.96) for a CCI score of 1–2 and 0.80 (95% CI:

0.79–0.81) for a CCI score of ≥3.
The most frequent diseases among the invited women

were chronic pulmonary disease (9.3%), diabetes type

I and II (6.4%), any tumor (6.2%), and cerebrovascular

disease (6.2%) (Table 4). Overall, having one of the dis-

eases included in CCI was inversely associated with parti-

cipation and this did not change noticeably after

adjustment for age and region of residence (Table 4,

model 1), but the association attenuated after additional

adjustment for the presence of any of the other diseases

included in CCI (Table 4, model 2).

Compared with no disease, the PRs for a diagnosis of

the most prevalent, but less severe diseases (a CCI weight

of one), chronic pulmonary disease, cerebrovascular dis-

ease, diabetes I and II were 0.93 (95% CI: 0.93–0.94), 0.96

(95% CI: 0.94–0.96), and 0.96 (95% CI: 0.95–0.97),

respectively. Women diagnosed with dementia PR 0.60

(95% CI: 0.56–0.64) and mild liver disease PR 0.87

(95% CI: 0.85–0.88) had the lowest participation com-

pared to women without that disease.

Among women with a more severe disease (a CCI

weight of two), those diagnosed with hemiplegia had the

lowest participation rate and a PR of 0.74 (95% CI:

0.70–0.79). For women with the most frequent disease

with CCI weight of two, any tumor, the PR was 0.98

(95% CI: 0.97–0.99).

Among women with the most severe types of disease

(a CCI weight of three or six), a diagnosis of AIDS was

associated with the lowest participation rate and a PR of

0.69 (95% CI: 0.60–0.81) and for the most frequent dis-

ease, metastatic solid tumor, the PR was 0.73 (95% CI:

0.70–0.76).

Table 2 The Distribution of Participants and Non-Participants

Stratified by Age Group, Region, and Charlson Comorbidity

Index (CCI). N= 650,003

Participants

N (%

Column)

Non-

Participants

N (%

Column)

Participation

% Row

All women 519,009 (100) 130,994 (100) 79.8

Age group

50–54 years 144,250 (27.8) 34,890 (26.6) 80.5

55–59 years 133,506 (25.7) 30,657 (23.4) 81.3

60–64 years 139,742 (26.9) 33,554 (25.6) 80.6

65–69 years 101,511 (19.6) 31,893 (24.4) 76.1

Region

Capital 137,401 (26.5) 47,704 (36.4) 74.2

Central

Denmark

113,818 (21.9) 30,939 (23.6) 78.6

North

Denmark

57,942 (11.2) 15,803 (12.1) 78.6

Zealand 87,189 (16.8) 18,438 (14.1) 82.5

Southern

Denmark

122,659 (23.6) 18,110 (13.8) 87.1

CCI

0 437,432 (84.3) 104,106 (79.5) 80.8

1–2 72,649 (14.0) 21,879 (16.7) 76.9

≥3 8,928 (1.7) 5,009 (3.8) 64.1
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Regardless of severity, for most of all the diseases

included in CCI the association with participation varied

by time since diagnosis and was most prominent <1 year

after diagnosis.

Discussion
Our data indicate that women with a CCI score of one or more

were less likely to participate in breast cancer screening com-

pared to womenwith a CCI score of 0. Overall, having a single

chronic condition was weakly associated with participation.

However, some of the less prevalent but more severe diseases;

dementia, hemiplegia, metastatic solid tumor, and AIDS were

strongly associated with non-participation.

This nationwide study conducted within a tax-funded

healthcare system includes all females aged 50–69 years

who were invited to the first national breast cancer screening

round. Consequently, the study population did not include

women with opportunistic screening, thus decreasing the risk

of surveillance bias.12,20 We did not have the data to evaluate

if regional differences in participation might be explained by

opportunistic screening. However, as opportunistic screening

is rare in Denmark21 and we assume it is not differentially

related to morbidity, except for previous breast cancer which

we excluded, we assume opportunistic screening has little

impact on the association between participation and

morbidity.5 Finally, as we only included data from the pre-

valence round, participation is less likely to be affected by the

women´s previous screening experience.

Data on both screening participation and history of

hospital diagnoses for each individual were obtained

from national registries (the DNPR and the DQMS).

Because both participants and non-participants were

included in these registries independent of screening par-

ticipation and screening outcome, the risk of selection bias

was minimal. A validation study found a high positive

predictive value of the ICD-10 codes included in CCI

and registered in the DNPR.22 Thus, the registry-based

diagnoses are consistent with data in medical records and

discharge summaries, which reduces the potential of infor-

mation bias due to misclassification. In addition, not rely-

ing on self-reported data lessens the risk of overestimating

the prevalence of morbidity.12,23

In our assessment of morbidity, we relied on diagnoses

from hospital contacts, hence excluding chronic conditions

that only receive medical care in general practice. Further,

it should be noted that we did not include information on

socioeconomic status, even though some studies have

shown it to be a predictor of screening participation6–8,15

and associated with multimorbidity.24 However, in a study

by Jensen et al, the association between multimorbidity

and participation was still present after adjusting for socio-

economic status.15 It is a limitation that we were not able

to evaluate psychiatric morbidity, which is associated with

non-participation25 and multimorbidity.26 If the included

women with somatic multimorbidity did not participate in

screening due to psychiatric morbidity, we may have

Table 3 Prevalence Proportion Ratio (PR) of Screening by Age Group, Region, and Charlson Comorbidity Index (CCI). N=

650,003

Unadjusted PR (95% CI) Model 1 PR (95% CI) Model 2 PR (95% CI)

Age

50–54 years 1 (ref) - 1 (ref)

55–59 years 1.01 (1.01–1.01) - 1.01 (1.01–1.01)

60–64 years 1.00 (0.99–1.00) - 1.01 (1.00–1.01)

65–69 years 0.94 (0.94–0.95) - 0.95 (0.95–0.96)

Region

Capital 1 (ref) 1 (ref) 1 (ref)

Central Denmark 1.06 (1.06–1.06) 1.06 (1.05–1.06) 1.06 (1.05–1.06)

North Denmark 1.06 (1.05–1.06) 1.06 (1.05–1.06) 1.06 (1.05–1.06)

Zealand 1.11 (1.11–1.12) 1.11 (1.11–1.12) 1.11 (1.11–1.12)

Southern Denmark 1.17 (1.17–1.18) 1.17 (1.17–1.18) 1.17 (1.17–1.18)

CCI

0 1 (ref) 1 (ref) 1 (ref)

1–2 0.95 (0.95–0.96) 0.96 (0.95–0.96) 0.96 (0.95–0.96)

≥3 0.79 (0.78–0.80) 0.80 (0.79–0.81) 0.80 (0.79–0.81)

Notes: Model 1: Region and CCI adjusted for age group. Model 2: Mutually adjusted.
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Table 4 Unadjusted and Adjusted Prevalence Proportion Ratios (PR) for Participation by Selected Diseases and Years Since Diagnosis,

Using No Disease as the Reference. Diseases are Separated by Charlson Comorbidity Index (CCI) Weight. N=650,003

Participation

Total N=519,009

N (% column)

Non-participation

Total N=130,994

N (% column)

Unadjusted

PR (95% CI)

Model 1

PR (95% CI)

Model 2

PR (95% CI)

CCI weight 1

Myocardial infarction

Yes 4,065 (0.78) 1,403 (1.07) 0.93 (0.92 - 0.95) 0.94 (0.92 - 0.95) 0.98 (0.97 - 1.00)

<1 years 719 (0.14) 260 (0.20) 0.92 (0.89 - 0.95) 0.93 (0.89 - 0.96) 0.97 (0.94 - 1.01)

1-2 years 993 (0.19) 353 (0.27) 0.92 (0.89 - 0.95) 0.93 (0.90 - 0.96) 0.97 (0.94 - 1.01)

3-4 years 857 (0.17) 302 (0.23) 0.93 (0.89 - 0.96) 0.94 (0.91 - 0.97) 0.98 (0.95 - 1.02)

5-10 years 1,496 (0.29) 488 (0.37) 0.94 (0.92 - 0.97) 0.95 (0.93 - 0.97) 0.99 (0.97 - 1.02)

Congestive heart failure

Yes 3,006 (0.58) 1,492 (1.14) 0.84 (0.82 - 0.85) 0.85 (0.83 - 0.86) 0.90 (0.88 - 0.92)

<1 years 808 (0.16) 439 (0.34) 0.81 (0.78 - 0.84) 0.82 (0.79 - 0.86) 0.88 (0.84 - 0.92)

1-2 years 851 (0.16) 425 (0.32) 0.83 (0.80 - 0.87) 0.85 (0.81 - 0.88) 0.90 (0.86 - 0.93)

3-4 years 548 (0.11) 263 (0.20) 0.85 (0.81 - 0.89) 0.85 (0.82 - 0.90) 0.91 (0.87 - 0.95)

5-10 years 799 (0.15) 365 (0.28) 0.86 (0.83 - 0.89) 0.86 (0.83 - 0.90) 0.91 (0.88 - 0.95)

Peripheral vascular disease

Yes 6,392 (1.23) 2,318 (1.77) 0.92 (0.91 - 0.93) 0.92 (0.91 - 0.93) 0.95 (0.94 - 0.96)

<1 years 1,507 (0.29) 550 (0.42) 0.92 (0.89 - 0.94) 0.92 (0.90 - 0.95) 0.96 (0.93 - 0.98)

1-2 years 1,730 (0.33) 717 (0.55) 0.88 (0.86 - 0.91) 0.89 (0.87 - 0.91) 0.92 (0.90 - 0.95)

3-4 years 1,196 (0.23) 480 (0.37) 0.89 (0.87 - 0.92) 0.89 (0.87 - 0.92) 0.93 (0.90 - 0.95)

5-10 years 1,959 (0.38) 571 (0.44) 0.97 (0.95 - 0.99) 0.97 (0.95 - 0.99) 0.99 (0.97 - 1.01)

Cerebrovascular disease

Yes 13,228 (2.55) 4,810 (3.67) 0.92 (0.91 - 0.92) 0.92 (0.92 - 0.93) 0.95 (0.94 - 0.96)

<1 years 2,750 (0.53) 1,268 (0.97) 0.86 (0.84 - 0.87) 0.86 (0.84 - 0.88) 0.89 (0.88 - 0.91)

1-2 years 3,714 (0.72) 1,413 (1.08) 0.91 (0.89 - 0.92) 0.91 (0.90 - 0.93) 0.94 (0.92 - 0.95)

3-4 years 2,696 (0.52) 918 (0.70) 0.93 (0.91 - 0.95) 0.94 (0.92 - 0.96) 0.96 (0.95 - 0.98)

5-10 years 4,068 (0.78) 1,211 (0.92) 0.96 (0.95 - 0.98) 0.97 (0.96 - 0.98) 0.99 (0.97 - 1.00)

Dementia

Yes 463 (0.09) 556 (0.42) 0.57 (0.53 - 0.61) 0.58 (0.54 - 0.62) 0.60 (0.56 - 0.64)

<1 years 130 (0.03) 181 (0.14) 0.52 (0.46 - 0.60) 0.53 (0.47 - 0.61) 0.56 (0.49 - 0.63)

1-2 years 139 (0.03) 186 (0.14) 0.54 (0.47 - 0.61) 0.54 (0.48 - 0.61) 0.56 (0.50 - 0.64)

3-4 years 82 (0.02) 97 (0.07) 0.57 (0.49 - 0.67) 0.58 (0.49 - 0.68) 0.60 (0.52 - 0.71)

5-10 years 112 (0.02) 92 (0.07) 0.69 (0.61 - 0.78) 0.70 (0.62 - 0.79) 0.72 (0.64 - 0.81)

Chronic pulmonary disease

Yes 19,359 (3.73) 7,229 (5.52) 0.91 (0.90 - 0.92) 0.92 (0.91 - 0.92) 0.93 (0.93 - 0.94)

<1 years 4,836 (0.93) 2,292 (1.75) 0.85 (0.83 - 0.86) 0.85 (0.84 - 0.87) 0.88 (0.86 - 0.89)

1-2 years 5,275 (1.02) 1,938 (1.48) 0.91 (0.90 - 0.93) 0.92 (0.91 - 0.93) 0.94 (0.92 - 0.95)

3-4 years 3,615 (0.70) 1,226 (0.94) 0.93 (0.92 - 0.95) 0.94 (0.92 - 0.95) 0.95 (0.94 - 0.97)

5-10 years 5,633 (1.09) 1,773 (1.35) 0.95 (0.94 - 0.96) 0.96 (0.95 - 0.97) 0.97 (0.96 - 0.98)

Connective tissue disease

Yes 11,204 (2.16) 2,708 (2.07) 1.01 (1.00 - 1.02) 1.01 (1.00 - 1.02) 1.03 (1.02 - 1.04)

<1 years 3,175 (0.61) 834 (0.64) 0.99 (0.98 - 1.01) 1.00 (0.99 - 1.02) 1.02 (1.00 - 1.04)

1-2 years 3,264 (0.63) 777 (0.59) 1.01 (1.00 - 1.03) 1.01 (1.00 - 1.03) 1.03 (1.01 - 1.04)

3-4 years 2,004 (0.39) 439 (0.34) 1.03 (1.01 - 1.05) 1.03 (1.01 - 1.05) 1.05 (1.03 - 1.07)

5-10 years 2,761 (0.53) 658 (0.50) 1.01 (1.00 - 1.03) 1.01 (1.00 - 1.03) 1.03 (1.01 - 1.04)

Ulcer disease

Yes 5,015 (0.97) 2,089 (1.59) 0.88 (0.87 - 0.90) 0.89 (0.87 - 0.90) 0.92 (0.90 - 0.93)

<1 years 705 (0.14) 340 (0.26) 0.84 (0.81 - 0.88) 0.85 (0.81 - 0.88) 0.88 (0.84 - 0.92)

1-2 years 1,120 (0.22) 485 (0.37) 0.87 (0.85 - 0.90) 0.87 (0.85 - 0.90) 0.91 (0.88 - 0.94)
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Table 4 (Continued).

Participation

Total N=519,009

N (% column)

Non-participation

Total N=130,994

N (% column)

Unadjusted

PR (95% CI)

Model 1

PR (95% CI)

Model 2

PR (95% CI)

3-4 years 1,030 (0.20) 444 (0.34) 0.87 (0.85 - 0.90) 0.88 (0.85 - 0.91) 0.91 (0.88 - 0.94)

5-10 years 2,160 (0.42) 820 (0.63) 0.91 (0.89 - 0.93) 0.91 (0.89 - 0.93) 0.93 (0.91 - 0.95)

Mild liver disease

Yes 3,131 (0.60) 1,670 (1.27) 0.82 (0.80 - 0.83) 0.82 (0.81 - 0.84) 0.87 (0.85 - 0.88)

<1 years 804 (0.15) 520 (0.40) 0.76 (0.73 - 0.79) 0.77 (0.73 - 0.80) 0.82 (0.78 - 0.86)

1-2 years 815 (0.16) 468 (0.36) 0.79 (0.76 - 0.83) 0.80 (0.77 - 0.83) 0.84 (0.81 - 0.88)

3-4 years 597 (0.12) 304 (0.23) 0.83 (0.79 - 0.87) 0.83 (0.80 - 0.87) 0.87 (0.83 - 0.91)

5-10 years 915 (0.18) 378 (0.29) 0.89 (0.85 - 0.92) 0.89 (0.86 - 0.93) 0.92 (0.89 - 0.96)

Diabetes I and II

Yes 13,429 (2.59) 4,974 (3.80) 0.91 (0.90 - 0.92) 0.91 (0.91 - 0.92) 0.96 (0.95 - 0.97)

<1 years 3,875 (0.75) 1,603 (1.22) 0.88 (0.87 - 0.90) 0.89 (0.87 - 0.90) 0.94 (0.93 - 0.96)

1-2 years 4,479 (0.86) 1,530 (1.17) 0.93 (0.92 - 0.95) 0.93 (0.92 - 0.94) 0.98 (0.96 - 0.99)

3-4 years 2,579 (0.50) 886 (0.68) 0.93 (0.91 - 0.95) 0.93 (0.92 - 0.95) 0.98 (0.96 - 1.00)

5-10 years 2,496 (0.48) 955 (0.73) 0.90 (0.89 - 0.92) 0.91 (0.89 - 0.93) 0.94 (0.93 - 0.96)

CCI weight 2

Hemiplegia

Yes 407 (0.08) 309 (0.24) 0.71 (0.67 - 0.76) 0.71 (0.67 - 0.76) 0.74 (0.70 - 0.79)

<1 years 92 (0.02) 95 (0.07) 0.62 (0.53 - 0.71) 0.62 (0.54 - 0.72) 0.65 (0.57 - 0.75)

1-2 years 118 (0.02) 76 (0.06) 0.76 (0.68 - 0.85) 0.77 (0.69 - 0.86) 0.80 (0.72 - 0.89)

3-4 years 93 (0.02) 67 (0.05) 0.73 (0.64 - 0.83) 0.72 (0.64 - 0.83) 0.76 (0.67 - 0.86)

5-10 years 104 (0.02) 71 (0.05) 0.74 (0.66 - 0.84) 0.74 (0.66 - 0.84) 0.77 (0.68 - 0.87)

Moderate to severe renal disease

Yes 2,495 (0.48) 1,074 (0.82) 0.87 (0.86 - 0.89) 0.88 (0.86 - 0.90) 0.93 (0.91 - 0.95)

<1 years 731 (0.14) 455 (0.35) 0.77 (0.74 - 0.81) 0.78 (0.74 - 0.81) 0.83 (0.79 - 0.87)

1-2 years 721 (0.14) 266 (0.20) 0.91 (0.88 - 0.95) 0.92 (0.88 - 0.95) 0.97 (0.93 - 1.01)

3-4 years 441 (0.09) 162 (0.12) 0.92 (0.87 - 0.96) 0.92 (0.88 - 0.97) 0.97 (0.92 - 1.01)

5-10 years 602 (0.12) 191 (0.15) 0.95 (0.91 - 0.99) 0.96 (0.92 - 0.99) 0.98 (0.95 - 1.02)

Diabetes with end organ

Yes 5,144 (0.99) 2,467 (1.88) 0.84 (0.83 - 0.86) 0.85 (0.84 - 0.87) 0.91 (0.90 - 0.93)

<1 years 1,371 (0.26) 789 (0.60) 0.79 (0.77 - 0.82) 0.81 (0.78 - 0.83) 0.88 (0.85 - 0.91)

1-2 years 1,622 (0.31) 779 (0.59) 0.84 (0.82 - 0.87) 0.85 (0.83 - 0.88) 0.91 (0.89 - 0.94)

3-4 years 1,210 (0.23) 501 (0.38) 0.88 (0.86 - 0.91) 0.90 (0.87 - 0.92) 0.95 (0.92 - 0.98)

5-10 years 941 (0.18) 398 (0.30) 0.88 (0.85 - 0.91) 0.88 (0.85 - 0.92) 0.93 (0.90 - 0.97)

Any tumora

Yes 14,237 (2.74) 4,585 (3.50) 0.95 (0.94 - 0.95) 0.95 (0.94 - 0.96) 0.98 (0.97 - 0.99)

<1 years 3,807 (0.73) 2,036 (1.55) 0.81 (0.80 - 0.83) 0.82 (0.81 - 0.84) 0.86 (0.85 - 0.88)

1-2 years 3,842 (0.74) 1,002 (0.76) 0.99 (0.98 - 1.01) 1.00 (0.98 - 1.01) 1.03 (1.01 - 1.04)

3-4 years 2,573 (0.50) 609 (0.46) 1.01 (0.99 - 1.03) 1.01 (1.00 - 1.03) 1.03 (1.01 - 1.05)

5-10 years 4,015 (0.77) 938 (0.72) 1.01 (1.00 - 1.03) 1.02 (1.00 - 1.03) 1.03 (1.02 - 1.05)

Leukemia

Yes 503 (0.10) 160 (0.12) 0.95 (0.91 - 0.99) 0.96 (0.92 - 1.00) 0.97 (0.93 - 1.01)

<1 years 194 (0.04) 83 (0.06) 0.88 (0.81 - 0.95) 0.88 (0.81 - 0.95) 0.90 (0.83 - 0.97)

1-2 years 198 (0.04) 45 (0.03) 1.02 (0.96 - 1.08) 1.03 (0.97 - 1.10) 1.04 (0.98 - 1.10)

3-4 years 52 (0.01) 14 (0.01) 0.99 (0.87 - 1.12) 1.00 (0.88 - 1.13) 1.02 (0.90 - 1.16)

5-10 years 59 (0.01) 18 (0.01) 0.96 (0.85 - 1.09) 0.97 (0.86 - 1.09) 0.98 (0.87 - 1.10)

Lymphoma

Yes 1,234 (0.24) 463 (0.35) 0.91 (0.88 - 0.94) 0.92 (0.89 - 0.94) 0.95 (0.92 - 0.98)

<1 years 431 (0.08) 219 (0.17) 0.83 (0.79 - 0.88) 0.83 (0.79 - 0.88) 0.86 (0.82 - 0.91)

(Continued)
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overestimated the association between somatic morbidity

and participation.

In a US study, Kiefe et al found that one incremental

increase in CCI score meant 17% less likelihood of partici-

pation in breast cancer screening. In comparison, we did not

analyze the CCI score as a continuous variable, but in line

with their findings, we found that participation decreased

with a higher CCI score. Furthermore, Kiefe et al found that

for each 10-year increase in age, the likelihood of participa-

tion decreased by 12%. Thus, older women were less likely

to participate in screening. This was also the case in our

study for the oldest women invited (65–69 years).14

In a study of female residents from one Danish region,

Jensen et al found that morbidity was associated with non-

participation in screening, which increased with each addi-

tional disease compared to no disease. This result corre-

sponds to our finding that women with a high CCI score

were less likely to participate. Overall, our data indicate that

only a more recent diagnosis (<1 year before screening

invitation) was appreciably associated with participation,

which is in line with the study by Jensen et al.15 However,

they found that womenwith previous cancer even 2–10 years

before screening invitation had a lower participation rate

whereas we only found lower participation among women

diagnosed with cancer (any tumor) within one year prior to

screening invitation.

Kiefe et al point out that patients with multimorbidity

can increase the awareness of the general practitioner (GP)

and that the GP might advise against screening. This could

be due to reduced life expectancy or quality of life caused

by the women’s primary condition.14 Another study sug-

gests that women with severe multimorbidity might not

have the same advantage of early detection of cancer, as

women with no concurrent conditions.27 This could dis-

courage women from participating in screening.

Our study indicates that women with a high CCI score or

a single severe chronic disease included in CCI are less likely

to participate in breast cancer screening. However, they repre-

sent a small proportion of all non-participating women. On the

other hand, women with more common diseases, which are

Table 4 (Continued).

Participation

Total N=519,009

N (% column)

Non-participation

Total N=130,994

N (% column)

Unadjusted

PR (95% CI)

Model 1

PR (95% CI)

Model 2

PR (95% CI)

1-2 years 421 (0.08) 133 (0.10) 0.95 (0.91 - 1.00) 0.96 (0.91 - 1.00) 1.00 (0.95 - 1.04)

3-4 years 190 (0.04) 57 (0.04) 0.96 (0.90 - 1.03) 0.98 (0.91 - 1.05) 1.02 (0.95 - 1.09)

5-10 years 192 (0.04) 54 (0.04) 0.98 (0.91 - 1.04) 0.98 (0.92 - 1.05) 1.01 (0.95 - 1.08)

CCI weight 3

Moderate to severe liver disease

Yes 577 (0.11) 397 (0.30) 0.74 (0.70 - 0.78) 0.75 (0.71 - 0.79) 0.87 (0.82 - 0.92)

<1 years 191 (0.04) 156 (0.12) 0.69 (0.63 - 0.76) 0.69 (0.63 - 0.76) 0.81 (0.74 - 0.89)

1-2 years 177 (0.03) 109 (0.08) 0.77 (0.71 - 0.85) 0.78 (0.71 - 0.85) 0.91 (0.83 - 0.99)

3-4 years 101 (0.02) 69 (0.05) 0.74 (0.66 - 0.84) 0.75 (0.66 - 0.85) 0.88 (0.77 - 0.99)

5-10 years 108 (0.02) 63 (0.05) 0.79 (0.71 - 0.89) 0.80 (0.71 - 0.90) 0.92 (0.82 - 1.02)

CCI weight 6

Metastatic solid tumor

Yes 1,081 (0.21) 846 (0.65) 0.70 (0.67 - 0.73) 0.70 (0.68 - 0.73) 0.73 (0.70 - 0.76)

<1 years 370 (0.07) 510 (0.39) 0.53 (0.49 - 0.57) 0.53 (0.49 - 0.57) 0.54 (0.50 - 0.59)

1-2 years 294 (0.06) 180 (0.14) 0.78 (0.72 - 0.83) 0.78 (0.73 - 0.84) 0.81 (0.75 - 0.87)

3-4 years 176 (0.03) 71 (0.05) 0.89 (0.82 - 0.97) 0.89 (0.82 - 0.96) 0.92 (0.85 - 1.00)

5-10 years 241 (0.05) 85 (0.07) 0.93 (0.87 - 0.99) 0.93 (0.87 - 0.99) 0.95 (0.89 - 1.02)

AIDS

Yes 76 (0.02) 69 (0.05) 0.66 (0.56 - 0.77) 0.66 (0.57 - 0.78) 0.69 (0.60 - 0.81)

<1 years 24 (0.01) 28 (0.02) 0.58 (0.43 - 0.78) 0.58 (0.44 - 0.78) 0.62 (0.47 - 0.82)

1-2 years 34 (0.01) 21 (0.02) 0.77 (0.63 - 0.95) 0.79 (0.64 - 0.97) 0.82 (0.67 - 1.01)

3-4 years 8 (0.00) 11 (0.01) 0.53 (0.31 - 0.89) 0.54 (0.32 - 0.91) 0.55 (0.32 - 0.92)

5-10 years 10 (0.00) 9 (0.01) 0.66 (0.43 - 1.01) 0.67 (0.43 - 1.03) 0.68 (0.44 - 1.05)

Notes:Model 1: Adjusted for region and age group. Model 2: Adjusted for region, age group, and prevalence of any other CCI-disease. aBreast cancer excluded. Reference is no disease.

Viuff et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Clinical Epidemiology 2020:12516

http://www.dovepress.com
http://www.dovepress.com


weakly associated with non-participation, represent a notable

proportion of the non-participating group.

This schism is part of the prevention paradox where

the benefit of an intervention not only relies on each

individual benefit but also on the prevalence of the risk

factor.28 If participation campaigns aim to maximize par-

ticipation in women with high risk of non-participation

due to morbidity, the screening program as a whole may

not benefit substantially since this high-risk group repre-

sents a low prevalence group. In addition, these women

might not benefit individually from the screening pro-

gram due to their current condition, and their potential

personal benefit from screening might not outweigh the

potential difficulties.14,27 From a societal point of view,

the greatest benefit might be gained from an effort to

maximize participation among women with less severe

although more common morbidities, such as women with

diabetes or chronic pulmonary disease.

Conclusion
Women with a high morbidity score or a severe single

chronic condition are less likely to participate in breast can-

cer screening compared to womenwithout disease. However,

these women account for a small proportion of all non-

participating women. Thus, it might be most beneficial to

maximize breast cancer screening participation in women

with less severe although more common morbidities.
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